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INTRODUOTION TO VOL, III, PART II. 

THE LOWER SILURIAN DEPOSITS OF THE UPPER MISSISSIPPI PROV
INCE: A CORRELATION OF THE STRATA WITH TH08E IN THE 

CINCINNATI, TENNESSEE, NEW YORK AND CANADIAN 
PROVINCES, AND THE STRATIGRAPHIC AND 

GEOGRAPHIC DISTRIBU'frON OF THE 
FOSSILS. 

BY N. H. WINCHELL AND E. O. ULRICH. 

STRATIGRAPHIC DIVISIONS OF THE LOWER SILURIAN IN MINNESOTA. 

The reader will see by reference to the table of stratigraphic designations in Part I of 

this volume (Introduction, pp. 1 and Ii) a list of the special names used in the greater part 

of this volume. As, however, the use of the various designations is not entirely uniform in 

the several chapters, and in order that the futu!'e student may have some guide in the 

study of these formations in the field, it is necessary to present an exact definition of the 

stratigraphy. 

The published reports of the Minnesota survey have given stratigraphic sections 

at various places, but it has not been found possible heretofore to so adjust them as to 

show any close successional order, aside from that already given. The following might 

be considered as expressing an average composition of the Trenton division of these 

strata in southeastern Minnesota, taken in Olmsted county. It is essentially the same as 

that published in the first annual report, and takes into account only the lithologic 

character of the strata. 

AVERAGE SECTION OF THE TRENTON PERIOD. 

1 Loose fragments ........... " ........................................ . 
2 Magnesian limestone, buff ............................................ . 
3 Ella ty and argillaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. 
4 Magnesian limestone, buff.. . . .. . .................................... . 
5 Shaly limestone ....................................................... . 
6 Magnesian limestone, buff ........................................... . 
7 Argillo-magnesian limestone with much interbedded shale (or shaly 

limestone). Lowest seen Receptaculites ..... " ..................... . 
8 Shales, with thin argillaceous sheets of limestone ............ , ....... . 
9 Gray or earthy (bluish) limestone, with shaly partings ................ . 

10 Alternating limestone and shale ...................................... . 
11 Green shale... . ...................................................... . 
12 Compact limestone, buff on weathering, blue within, with interbedded 

shale .................................................. , ............. . 

4 feet. 
30 feet. 10 inches. 
1 foot, 6 inches. 

11 feet, 6 inches. 
5 feet. 

20 fp.et. 

28 feet, 4 inches. 
18 feet. 
37 feet. 
47 feet, 6 inches. 
42 feet. 

22 feet. 

Total. ....................................................... , 267 feet, 8 inches. 
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strata in southeastern Minnesota, taken in Olmsted county. It is essentially the same as 
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2 Magnesian limestone, buff ............................................ . 
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6 Magnesian limes to ne, buff. . . . . . . . . . . . . . . . . .. . ....................... . 
7 Argillo-magnesian limestone with much interbedded shale (or shaly 

limestone). Lowest seen Receptaculites ........... " ....... , ....... . 
8 Sbales, with thin argillaceous sheets of limestone .................... . 
9 Gray or earthy (bluish) limestolle, with shaly partings ................ . 

10 Alternating limestone and shale ..................................... .. 
11 Green shale... . ....................... , .............................. . 
12 Compact limestone, buff on weathering, blue within, with interbedded 

shale ................................................................ . 

4 feet. 
30 feet. 10 inches. 

1 foot, 6 inches. 
11 feet, 6 inches. 
5 feet. 

20 fp.et. 
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lxxxiv THE PALEONTuLOGY OF MINNESOTA. 

Of the above the first nine numbers and a portion of the tenth may be considered as 

representing the Galena, of Iowa, Illinois and Wisconsin, though that will do violence to 

the lithologic criterion OIl which Profs. Hall and Whitney, as well as Moses Strong, 

determined the base of the Galena. But, as we will show further on, the shaly character 

of the lower part of the Galena in Minnesota is merely a local feature of the group similar 

to that which pertains more or less strongly also to the underlying divisions which we 

parallelize with the Black River and Birdseye limestones of New York. Nos. 1 to 6 

represent the whole of the Maclurea bed, and 7, 8 and 9, the Fusispira bed, while the 

upper part of No. 10 is the Olitambonites bed. The lower part of No. 10 and the upper 

part of No. 11 represent the "Upper Blue" and "Upper Buff" limestones of the 

Wisconsin geologists and the Black River group of New York, while the lower part of No. 

11, together with the whole of No. 12, corresponds with the" Lower Blue" and" Lower 

Buff" limestones of Ohamberlin. the Birdseye limestone of New York geologists, and the 

Stones River group of Safford. 

While a dependence upon lithologic characters in classifying the Lower Silurian strata 

of Minnesota is very liable to lead one into serious errors, the chances for overcoming the 

difficulties are greatly increased when the faunal characteristics of the various beds 

are minutely investigated and fully appreciated. This statement, however, is not to be 

understood as intimating that the lithologic characters are either entirely unreliable or 

useless in separating the beds. On the contrary, when judiciously employed in connection 

with the evidence afforded by the fossils, they are of great assistance in determining the 

age of the beds and in correlating even widely separated exposures of any of them. 

Familiarity with the beds shows that the shales and limestones of each have certain 

recognizable peculiarities, and there is something about the preservation and appearance 

of the fossils of each sufficiently distinctive to enable an expert in such matters to 

recognize. in at least nine cases out of ten, the bed and often the exact locality from which 

they were collected. 

On the opposite page we present cuts of five actually measured continuous sections 

showing the character and thickness of Lower Silurian strata in Goodhue and Fillmore 

counties. None of the sections contain either the St. Peter sandstone or the lower part of 

the Stones River or Birdseye limestone, and only one (No.5) contains strata ahove the 

Trenton. On another page, sections 6, 7 and 8 show the entire series of rocks. from the 

St. Peter sandstone up, seen in the three counties of Ramsey, Goodhue and Fillmore. 

These may be consulted to supplement sections 1 to 5, of which explanations follow. 
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11, together with the whole of No. 12, corresponds with the" Lower Blue" and" Lower 

Buff" limestones of Chamberlin. the Birdseye limestone of New York geologists, and the 

Stones River group of Safford. 

While a dependence upon lithologic characters in classifying the Lower Silurian strata 

of Minnesota is very liable to lead one into serious errors, the chances for overcoming the 

difficulties are greatly increased when the faunal characteristics of the various beds 

are minutely investigated and fully appreciated. This statement, however, is not to be 

understood as intimating that the lithologic characters are either entirely unreliable or 

useless in separating the beds. On the contrary, when judiciously employed in connection 

with the evidence afforded by the fossils, they are of great assistance in determining the 

age of the beds and in correlating even widely separated exposures of any of them. 

Familiarity with the beds shows that the shales and limestones of each have certain 

recognizable peculiarities, and tlJere is something about the preservation and appearance 

of the fossils of each sufficiently distinctive to enable an expert in such matters to 

recognize. in at least nine cases out of ten, the bed and often the exact locality from which 

they were collected. 

On the opposite page we present cuts of five actually measured continuous sections 

showing the character and thickness of Lower Silurian strata in Goodhue and Fillmore 

counties. None of the sections contain either the St. Peter sandstone or the lower partof 

the Stones River or Birdseye limestone, and only one (No.5) contains strata ahove the 

Trenton. On another page, sections 6, 7 and 8 show the entire series of rocks. from the 

St. Peter sandstone up, seen in the three counties of Ramsey, Goodhue and Fillmore. 

These may be consulted to supplement sections 1 to 5, of which explanations follow. 
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lxxxvi THE PALEONTOLOGY OF MINNESOTA. 

EXPLANATION 01<' SECTIONS 1 TO 5. 

Nos. 1 ana 2. Sections of Black River group shales with the ttpper portion oj the Stones River group and 
the lower becl of the Trenton g}·oup. 1 was taken at a locality between five and s'ix miles south oj Cannon Falls, 
Goodhue county; 2 at a point about one mile east oj the same town. 

1. Vanuxemia bed of Stones River group. 
2. Stictoporella bed, consisting of soft shales and several layers of limestone .. The latter are 

thin and largely made up of fossils, among them Stwtoporella jrondijera, Pachydictya johata, Homotrypa 
minnesotensis, Anolotichia impolita and Rhynclwtrema minnesotensis. 

3. Rhinidictya bed, consisting in tbe lower part almost entirely of soft, greenish shales, holding 
very few fossils. In the upper half or two-thirds there are numerous, more or less irregular, subcrystalline 
limestone plates, largely made up of fossil remains, chiefly Bryozoa, with Rhinidictya mutabilis very 
abundant. 

4 and 4a. Ctenodonta hed. In section 1 the lower four feet is a bed of darkshale in which no 
fossils were observed. The upper part contains fi ve or six irregular layers of limestone, weathering red, 
which are filled with fossil shells, among them several species of Otenodonta, Crytodonta tenella, O. affinis, 
Plethocardia umbonata, Whitella scofieldi, Matheria Tugosa, and numerous Gastropoda and Cephaloroda 
The flrst layer contained, besides some of the species named, some plates of a large species of Cambocrinus, 
and in considerable abundance a slowly tapering tubular fossil, hetween one and two inches in length, 
that greatly resembles the Sallerella billingsi which Safford regards as one of the most characteristic 
fossils of his" Oentrallimestone " in Tennessee. In section 5, the bed is thicker and the lower portion is 
less sharply distinguished from the upper. 

5 and 5a. Phylloporina and Fucoid beds. These consist almost entirely of soft and highly 
fossiliferous, greenish shales. The fossils occur mostly in bands, and where they are most abundant they 
are often consolidated into rough limestone layers, rarely exceeding three inches in thickness.~ Bryozoa 
are exceedingly abundant in the Phylloporina bed, and as a rule in an excellent state of preservation. Of 
the more striking and common forms we way mention PhyllopoTina corticosct, Trigonodictya cOllciliat1'ix, 
PrasopoTa conoiclea, Homotrypa tubeJ'Culata and Batostoma montuosmn. In the Fucoid bed the fossils occur 
more sparingly, and the Bryozoa are wanting almost entirely. At the top there is a rough layer of impure 
limestone, a foot or more in thickness, which may be recognized at once by its rusty hue. It is sometimes 
divided into two or three layers, and when it contains any fossils at all they are always imperfect. 

6. This, the lowest or Clitambonites bed of the Trenton group, consists chiefly of yellowish 
shales. In the lower eight or ten feet there are numerous irregular or nodular layers of impure limestone. 
These are very fossiliferous, and it is in this portion that such characteristic species of the bed as 
Olitambonites diveTsus, StTophomena scofieldi, Orthis meedsi, Prasopom insulm'is, Callopora ampla and 
Eridotrypa nwtabilis are nearly always to be found. Near the middle of the bed Callopora goodlwensis and 
a small variety of Plectambonites sel'icea are very abundant. The upper seven or eight feet consist entirely 
of shale, and in this portion fossils are exceedingly rare. 

7. At the top of section 2, we recognized a small remnant of the Nematopora bed. 

Section 3, as exposed in an old Toad about two miles southeast [l'om Cannon Falls. 

4. Ctenodonta bed. 
5. Phylloporina and Fucoid beds, both covered except at the base and top. 
6. Clitam bonites bed. 6a, horizon of Clitambonites diversus; 6b, of Oallopora goodhuensis 

6c, unfossilifel'Ous shales . 
. 7: Nematopor.a bed. .Drab to blue shales, including five or six layers of limestone, the latter 

very fossIlIferou~. Orth~s mee(1s~ var. gerrnana, Hom?tr¥pa similis, Paehydietya pumila, Rhinidictya minima, 
Nematopora ovalts and N. granosa are both characterIstic and common. At the point marked C s 

d . f OZ' b' . x ome goo specimens 0 ttam omtes dweJ'Sus were obtained, while the shales immediately beneath it h 
washed, afforded, b~side t~e fossils above named, numerous minute Bryozoa of the genera A,t'th~o:Zen~~ 
and Helopota, and SIX speCIes of Oatracoda. 

8. Lower part of Fusispira bed, here consisting entirely of gray shales, quite un fossiliferous 
e~cept between twel ve and fourteen feet above the base where abou t a dozen good specimens of 0 elos iT 
btsulcata were found. y :P a 

Section 4, showing the whole oj the Fusispira becl alld the uppeT part of the Nemato om bed' Pr ., 
Tavine nea}' Wykoff, Fillmore county. 'P ,osse? s 

1. Nematopora bed. A layer of limestone two feet thick at the top {)bt· d h 0 h' 
d ' . t f 0 . . ame ere rt tS mee St var. germana, a vane yo. boreahs, Platystrophia bi"orata Strophome a t t . R ji . 

h . "', n Ten onensts, 0 nesqutna 
alternata, Rhyne otrema tncTebescens, and several undetermined Ostracoda and Br zoa th 1 t 
preserved. y , eater not well 
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EXPLANATION OJ<' SECTIONS 1 TO 5. 

Nos. 1 and 2. Sections of Black River group shales with the upper portion oj the Stones River group and 
the lower beel of the Trenton group. 1 was taken at a locality between five and six miles south oj Cannon Falls, 
Goodhue county; 2 at a point about one mile east oj the same town. 

1. Vanuxemia bed of Stones River group. 
2. Stictoporella bed, consisting of soft shales and several layers of limestone .. The latter are 

thin and largely made up of fossils, among them St2ctoporella jrondijera, Pachydictya johata, Homotrypa 
minnesotensis, Anolotichia impolita and Rhynclwtrema minnesotensis. 

3. Rhinidictya bed, consisting in the lower part almost entirely of soft, greenish shales, holding 
very few fossils. In the upper half or two-thirds there are numerous, more or less irregular, subcrystalline 
limestone plates, largely made up of fossil remains, chiefly Bryozoa, with Rhinidiatya rnutabilis very 
abundant. 

4 and 4a. Ctenodonta bed. In section I the lower four feet is a bed of darkshale in which no 
fossils were observed. The upper part contains fi ve or six irregular layers of limestone, weathering red, 
which are filled with fossil shells, among them several species of Otenoclonta, Orytodonta tenella, O. aifinis, 
Plethocardia umbonata, Whitella scojielc1i, Matheria rugosa, and numerous Gastropoda and Cephaloroda 
The flrst layer contained, besides some of the species named, some plates of a large species of Carabocrinus, 
and in considerable abundance a slowly tapering tubular fossil, between one and two inches in length, 
that greatly resembles the Sallerella billingsi which Safford regards as one of the most characteristic 
fossils of his "Oentrallimestone" in Tennessee. In section 5, the bed is thicker and the lower portion is 
less sharply distinguished from the upper. 

5 and 5a. Phylloporina and Fucoid beds. These consist almost entirely of soft and highly 
fossiliferous, greenish shales. The fossils occur mostly in bands, and where they are most abundant they 
are often consolidated into rough limestone layers, rarely exceeding three inches in thickness.~ Bryozoa 
are exceedingly abundant in the Phylloporina bed, and as a rule in an excellent state of praservation. Of 
the more striking and common forms we way mention Phyllopol'ina cOTticosct, T'rigonodictya cOl1ciliatTix, 
PrasopoTa conoic1ea, Homotrypa tuberculata and Batostoma montuDSllm. In the Fucoid bed the fossils occur 
more sparingly, and the Bryozoa are wanting almost entirely. At the top there is a rough layer of impure 
limestone, a foot or more in thickness, which may be recognized at once by its rusty hue. It is sometimes 
divided into two or three layers, and when it contains any fossils at all they are always imperf€ct. 

6. This, the lowest or Clitambonites bed of the Trenton group, consists chiefly of yellowish 
shales. In the lower eight or ten feet there are numerous irregular or nodular layers of impure limestone. 
These are very fossiliferous, and it is in this portion that such characteristic species of the bed as 
Clitambonites diversus, Strophomena scojieldi, Orthis meedsi, PTctsOpora insulaTis, Oallopora ampla and 
Eridotrypct rnutabilis are nearly always to be found. Near the middle of the bed Callopom goodhuensis and 
a small variety of Plectarnbonites sericea are very abundant. The upper seven or eight feet consist entirely 
of shale, and in this portion fossils are exceedingly rare. 

7. At the top of section 2, we recognized a small remnant of the Nematopora bed. 

Section 3, as exposed in an old road about two miles southeast [l'om Cannon Falls. 

4. Otenodonta bed. 
5. Phylloporina and Fucoid beds, both covered except at the base and top. 
6. Olitambonites bed. 6a, horizon of Clitambonites diversus; 6/), of Oallopora goodhuensis 

6c, unfossilifel'ous shales . 
. 7: Nematopor.a bed. .Drab to blue shales, including fi ye or six layers of limestone, the latter 

very fossllIferou~. Orthzs meectsz var. germana, Hom?tr~pa similis, Pachydictya pumila, Rhinidictya minima, 
Nematopora ovalts and N. gra1wsa are both charactenstlc and common. At the point marked C 

d . f OZ' b' . x some goo specimens 0 zWm omtes dwersus were obtained, while the shales immediately beneath it h 
washed, afforded, b~side t~e fossils above named, numerous minute Bryozoa of the genera A'rth~o:Zen~~ 
and Helopora, and SIX specIes of Oatracoda. 

8. Lower part of Fusispira bed, here consisting entirely of gray shales, quite unfossiliferous 
e~cept between twel ve and fourteen feet above the base where about a dozen good specimens of 0 rlos ir 
btsulcata were found. y :P a 

. Section 4, showing the whole oj the Fusispim beel alld the upper paTt oj the Nemato ora bed' Pros er' 
ravtne near Wykoff, F2llmore county. 'P , s s 

. 1. Nematopora.bed. A layer of limestone two feet thick at the top. Obtained here Orthis 
meedsz var. germana, a vanety of O. borealis, Platystrophia. bijorata, Strophomena trentonensis, Rafinesquina 
alternata, Rhynchotrema increbescens, and several undetermIDed Ostracoda and Bryzoa, the latter not well 
preserved. 
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2. Twelve feet of shelly or thin-bedded argillaceous limestone, the surface of the layers, in the 
lower half especially, being rough. Near toe middle several large impressions of Receptaculites oweni, one 
quite fifteen inches in diameter, were noticed. Fossils are neither very plentiful nor well preeerved in 
these layers. 

3. Twenty-nine feet of rather thin-bedded, compact, bluish-gray, limestone, the purity of the 
limestone increasing from below upward. Oontains numerous fossiliferous layers, the fossils being chiefiy 
Brachiopoda of the family Btrophomenidre. Of other forms a fine new species of PalfR.ocrinus deserves 
mention. 

4. Nine feet of cherty limestone. Fossils abundant, Orthis tricena1'ia, O. plicatella, Strophomena 
billingsi. Olitambonites diversus, Parastrophia hemiplicata, and some branching monticuliporoids. 

5. Fifty-six feet of fine-grained and subcry!>talline limestones; some argillaceous layers, thinner 
than usual, in the upper twel ve feet. About eleven feet beneath the top we find a layer full of graptolites, 
probably of the genus Diplogmptus. Above this layer fossils are comparati vely rare, but beneath it they 
are abundant though rather difficult to obtain perfect, since tliey must be broken out of the solid lime
stone. Among others we obtained here Rajinesquina deltoidea, Plectambonites gibbosa, Zygospim uphami, 
Ambon1jchia bellistriata, Byssonychia intermedia, GUonychia und(lta, Gtenodonta intermeclia, Gyrtodonta abrupta, 
G. german a, Endodesma cuneatum, E. compressum, Psiloconcha? minnesotensis, Eccyliopterus (iwenanus 
Fusispira injiata, F. nobilis, F. planuiata, Tl"Ochonema 1'obbinsi and Platymetopus robbinsi. 

Above No.5 this ravine exposes about fifty feet of massive dolomitic limestones of the Maclurea 
bed and then about twenty feet of shaly layers belonging to the Utica group. 

Sectio'Y!- 5, showing strata as seen in and new' a small quarry, about two and a half miles nOl·th of Spring 
Valley, Minnesota. 

1. A bout nine feet of thin and unevenly bedded or laminated, bluish-gray, crinoidallimestone. 
The whole appears solid in a fresh exposure but breaks up under the weather. The crinoidal fragments 
have evidently been mucR rolled. 

2. Twenty feet of eyen bedded, compact. gray limestone, in layers fift~en inches or less thick, 
the layers becoming too thin and argillaceous in the upper part for building purposes. Between the lime
stones there are bands of soft shale, the whole bed being composed of about one-third shale and two
thirds limestone. At the top several layers will be noticed containing the separated parts of As((.phus or 
lsotelus maximus in abundance. Six feet beneath the top a band of shale contains LeptoboZus occiclentalis, 
three species of Lingula and Glimacogl"Optus typicaZis (?). Beneat,h this there is another band from which 
Ort1~i8 testudinm'ia, varieties multiseclct and emacerata, anel two discoidal species of Bryozoa were obtained 
in considerable abundance. The same layer afforded also Triplecia ulrichi, Plectambonites praecosis (Sarde_ 
80n) and Galymene callicep/tala var. mammillata. 

3. These are covered at this locality. About a mile east of Spring Valley they are exposed as 
thin bedded, arenaceous and argillaceous limestones; some of the layers are full of Brachiopoda and other 
fossils characterizing the Richmond group of the Oincinnati region. 

4. Arenaceous strata, six feet, thick, weathering into irregular lumps, some of which contain 
platefj and columns of large crinoids or cystideans. and Hilldia .~phrerodalis. Probably Upper Silurian. 

5. Four feet of rather coarse sandRtone. including here and there an abundant supply of small 
quartz pebbles. 

6. Above No.5 the surface of the ground was strewn with irregular, porous lumps of yellow 
or buff, magnesian limestone of Devonian age. 

CORRELATION OF STRATA. 

TRENTON PERIOD. 

Chazy group. 

St. Peter Sandstone. A number of fossils have been found in this well known division 

of the Lower Silurian, but they are nearly all very ill preserved, the nature of the sediment 

being unfavorable. As they have not been included in this report, it may be well to say 

of them that, as far as their condition will a.dmit of judgment, they are of types reminding 

one as much, perhaps, of species characterizing the Stones River group as of Chazy 

forms. It is, however, as a part of the latter group that the st. Peter is to be viewed. 
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2. Twelve feet of shelly or thin-bedded argillaceous limestone, the surface of the layers, in the 
lower half especially, being- rough. Near the middle several large impressions of Receptaculites oweni, one 
quite fifteen inches in diameter, were noticed. Fossils are neither very plentiful nor well preeerved in 
these layers. 

3. Twenty-nine feet of rather thin-bedded, compact, bluish-gray, limestone, the purity of the 
limestone increasing from below upward. Contains numerous fossiliferous layers, the fossils being chiefly 
Brachiopoda of the family Strophomenidr£. Of other forms a fine new species of PalrRocrinus deserves 
mention. 

4. Nine feet of cherty limestone. Fossils abundant, Grtlds tricenaTia, O. plicatella, Strophomena 
billingsi, Clitambonites diversus, Parastrophia herniplicata, and some branching monticuliporoids. 

5. Fifty-six feet of fine-grained and subcrybtalline limestones; some argillaceous layers, thinner 
than usual, in the upper twel ve feet. A bou t eleven feet beneath the top we fl nd a layer full of graptol i tes, 
probably of the genus Diplogmptus. Above this layer fossils are comparatively rare, 1)ut beneath it they 
are abundant though rather difficult to obtain perfect, since they must be 1)roken out of the solid lime
stone. Among- others we obtained here Rafinesquina deltoidea, Plectambonites giIJbosu, Zygospim uphami, 
Arnbon1Jchia bellistriata, Byssonychia intermedia, Clionychia undota, Ctenoclonta intenneclia, Cyrtoclonta a/;tupta, 
C. germana, Enclodesma cuneatwn, E. cornp1·essum, Psiloconc1w? minnesotensis, Eccyliopterus 6wenanus 
Fusispira infiata, F. nobilis, F. plctnulata, Tl'ochonema Tobbinsi and Platymetoplls robbinsi. 

A bove No.5 this ra vine exposes about fifty feet of massi ve dolomi tic limestones of the Maclurea 
bed and then about twenty feet of shaly layers belonging to the Utica group. 

Section 5, showing strata as seen in and nectl" a small quarry, about two and a half mites nOl"th of Spring 
Valley, Minnesota. 

1. A bout nine feet of thin and unevenly bedded or laminated, bluish-gray, crinoidal limestone. 
The whole appears solid in a fresh exposure but breaks up under the weather. The crinoidal fragments 
have evidently been mUCH rolled. 

2. Twenty feet of even bedded, compact, gray limestone, in layers fift~en inches or less thick, 
the layers becoming too thin and argillaceous in the upper part for building purposes. Between the lime
stones there are bands of soft shale, the whole bed being composed of about one-third shale and two
thirds limestone. At the top several layers will be noticed containing the separated parts of Asaphus or 
Isotelus maXimtlS in abundance. Six feet beneath the top a band of shale contains Leptobolus o~cident(tlis, 
three speci()s of Lingula and Climacograptus typiwlis U'). Beneat,b this there is another band from which 
Or/his testudinaTia, varieties mu/tisecla and emaceTata, and two discoidal species of Bryozoa were obtained 
in considerable abundance. The same layer afforded also Triplecia lIZrichi, Plectambonites pmecosis (Sarde_ 
son) and Calymene cal/'icephaZa var. mammillaw. 

3. These are covered at tbis locality. About a mile east of Spring Valley they are exposed as 
thin bedded, arenaceous and argillaceous limestones; some of the layers are full of Brachiopoda and other 
fossils characterizing the Richmond group of the Cincinnati region. 

4. Arenaceous strata, six feet, thick, weathering into irregular lumps, some of which contain 
plates and columns of large crinoids or cystideans, and Hindia sphr£rodalis. Probably Upper Silurian. 

5. Four feet of rather coarse sandRtone, including here and there an abundant supply of small 
quartz pebbles. 

6. Above No.5 tbe surface of the ground was strewn with irregular, porous lumps of yellow 
or buff, magnesian limestone of Devonian age. 

CORRELA TION OF STRATA. 

TRENTON PERIOD. 

Chazy g1·onp. 

St. Peter Sandstone. A number of fossils have been found in this well known division 

of the Lower Silurian, but they are nearly all very ill preserved, the nature of the sediment 

being unfavorable. As they have not been included in this report, it may be well to say 

of them that, as far as their condition will admit of judgment, they are of types reminding 

one as much, perhaps, of species characterizing the Stones River group as of Chazy 

forms. It is, however, as a part of the latter group that the St. Peter is to be viewed. 
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xc THE PALEONTOLOGY OF MINNESOTA. 

The St. Peter sandstone has a wide geographical distribution, being known by 

outcroppings in Canada, :Michigan, Wisconsin, Minnesota, Iowa, Illinois and Missouri, 

and through deep borings in Indiana, Ohio and Kentucky. In the northwest it consists 

almost entirely of silica, but in the vicinity of Cincinnati, where it is the principal source 

of the ., blue lick water" of the artesian wells, it contains a considerable amount of 

calcareous material. 

Stones Rive~' g?·OUp. 

This name was proposed by Prof .. J. ]}f.. Safford in 1851 (Amer. Jour. Sci. and Arts, 

2d ser., vol. XII, p. 352) for the Lower Silurian strata of central Tennessee which in his 

,. Geology of Tennessee," 1869, we find fully described under the names Central limestone, 

Pierce limestone, Ridley limestone, Glade limestone and Carter's Creek limestone. In the 

latter publication the group name is abandoned under the misapprehension that the 

limestones so designated are strictly equivalent to the Trenton group of New York. As 

we are confident that this was an error, w"e propose to resurrect the name. In our 

opinion the four lower members of the Stones River group as originally defined, are 

equivalent to the Birdseye limestone of New York and the" Lower Buff" and" Lower 

Blue" limestones of the Trenton, in Illinois, Wisconsin, Iowa and Minnesota. The group "is 

strongly developed in Kentucky and from here it doubtless extends as an unbroken, though 

diminishing sheet, westward into Missouri and northward into Canada. According to the 

evidence now available it seems that in geographical distribution, thickness, and paleon

tological interest, the Stones River group is nearly or quite equal to the Trenton limestone 

itself. 

Being thin and, according to report, not readily distinguished paleontologically from 

the overlying Black River limestone in Canada and New York, the Birdseye limestone, 

a name that we think must give way to the geographic designation proposed by Prof. 

Safford, has not been generally recognized. In Tennessee and the western and north

western states the group has been almost universally regarded as representing part if not 

all of the Trenton limestone, while the Galena limestone, which is the exact equivalent of 

the Trenton limestone, was by most investigators believed to represent a local upper 

member of the Trenton, and by others the western equivalent of the Utica slate. 

A careful and extended investigation of the stratigraphy and paleontology of the 

Trenton and Cincinnati periods, however, proves most conclusively that the generally 

accepted views of the equivalents of the Galena and other limestones resting on the St. 

Peter sandstone are incorrect, and that Prof. James Hall's early surmise respecting the 

presence in the northwest of strata representing the Birdseye and Black River limestones 
of New York is essentially correct. 

As regards the Nashville group, which Prof. Safford, chiefly because of the presence 

of two fossils, Cyrtolites orTiatus and Byssonychia (Ambonychia) radiata, in 1869, concluded 
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The St. Peter sandstone has a wide geographical distribution, being known by 

outcroppings in Oanada, Michigan, Wisconsin, Minnesota, Iowa, Illinois and Missouri, 

and through deep borings in Indiana, Ohio and Kentucky. In the northwest it consists 

almost entirely of silica, but in the vicinity of Oincinnati, where it is the principal source 

of the "blue lick water" of the artesian wells, it contains a considerable amount of 

calcareous material. 

Stones River grovp. 

This name was proposed by Prof. J. M. Safford in 1851 ( Amer. Jour. Sci. and Arts, 

2d ser., vol. XII, p. 352) for the Lower Silurian strata of central Tennessee which in his 

"Geology of Tennessee," 1869, we find fully described under the names Oentrallimestone, 

Pierce limestone, Ridley limestone, Glade limestone and Oarter's Oreek limestone. In the 

latter publication the group name is abandoned under the misapprehension that the 

limestones so designated are strictly equivalent to the Trenton group of New York. As 

we are confident that this was an error, we propose to resurrect the name. In our 

opinion the four lower members of the Stones River group as originally defined, are 

equivalent to the Birdseye limestone of New York and the" Lower Buff" and" Lower 

Blue" limestones of the Trenton, in Illinois, Wisconsin, Iowa and Minnesota. The group -is 

strongly developed in Kentucky and from here it doubtless extends as an unbroken, though 

diminishing sheet, westward into Missouri and northward into Oanada. According to the 

evidence now available it seems that in geographical distribution, thickness, and paleon

tological interest, the Stones River group is nearly or quite equal to the Trenton limestone 

itself. 

Being thin and, according to report, not readily distinguished paleontologic ally from 

the overlying Black River limestone in Oanada and New York the Birdseye limestone, 

a name that we think must give way to the geographic designation proposed by Prof. 

Safford, has not been generally recognized. In Tennessee and the western and north

western states the group has been almost universally regarded as representing part if not 

all of the Trenton limestone, while the Galena limestone, which is the exact equivalent of 

the Trenton limestone, was by most investigators believed to represent a local upper 

member of the Trenton, and by others the western equivalent of the Utica slate. 

A careful and extended investigation of the stratigraphy and paleontology of the 

Trenton and Oincinnati periods, however, proves most c~nclusively that the generally 

accepted views of the equivalents of the Galena and other limestones resting on the St. 

Peter sandstone are incorrect, and tbat Prof. James Hall's early surmise respecting the 

presence in the northwest of strata representing the Birdseye and Black River limestones 
of New York is essentially correct. 

As regards the Nashville group, which Prof. Safford, chiefly because of the presence 

of two fossils, Cyrtolites ornatus and Byssonychia (Ambonychia) radiata, in 1869, concluded 
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to be the same as the Hudson River group of New York and Canada, it is, with the 

exception of a portion of the upper member, indubitably Trenton, and occupies the same 

interval which in the northwest is taken up by the Galena. The two fossils mentioned 

hold pecisely the same position in Kentucky, but here there can be no doubt concerning 

the age of the strata in which they are found since they lie beneath the base of the Utica. 

Again, as neither is strictly identical with the well-known Cincinnati or Hudson River 

types of the species, the important use to which they were put by Prof. Safford is, to say 

the least, unwarranted. Even if the supposed identity of the two shells and the Hudson 

River types to which they were referred had been corroborated or established by more 

recent investigations, the weight of the evidence thereby afforded must have been deemed 

insignificant as opposed to the abundant data upon which we base our conclusion that both 

the Galena and Nashville groups are strictly equivalent to the Trenton limestone of New 

York. Neither of the two species in question has yet been found in Minnesota, but a 

variety of the Cyrtolites, to which we give the new name retrorsus, occurs in the Black 

River shales in Fillmore county. We describe also a small variety of C. ornatus from the 

Clitambonites bed in Goodhue county, which corresponds very nearly in position with the 

'irennessee strata holding C. reb'onus Ulrich (C. ornatus Safford, not Hall). 

We have not seen an entire exposure of the upper member of the Nashville group, and 

are therefore somewhat in doubt respecting its nature and position in the geological scale, 

but certain fossils in the collection of Prof. Safford cause us to suspect that it includes a 

few layers at the top representing portions of the Hudson River period. However this 

may turn out, we have no doubt whatever about the lower 70 feet of Safford's College Hill 

limestone (his section on p. 276, Geology of Tennessee, gives the whole a thickness of 120 

feet) since that much at least is strictly equivalent to beds occurring near Frankfort, and 

other localities in Kentucky, at the top of the Trenton and always below the base of the 

Utica group. 

Divisions of the Stones River group recognized in the Uppe1' Mississippi province. 

Buff limestone. This, the lowest portion of the group, rests apparently conformably 

upon the St. Peter sandstone Its thickness in Minnesota, Wisconsin, Iowa and Illinois 

varies between twelve and twenty-two feet, the average thickness in Minnesota being 

about fifteen feet. At the base there is often a bed of green shale or an iron-stained layer 

of sandstone. The latter was noticed at Janesville, Wisconsin, there eighteen inches 

thick, while a combination of the two, varying both as to thickness and composition, has 

been observed at several points in Dodge and Olmsted counties in Minnesota. The lime

stone proper is compact, buff on weathering and bluish within. In Wisconsin it usually 

occurs in heavier beds than in Minnesota, and its fossils are not as well preserved there as 

here. The latter fact is probably due to the greater prevalence of clayey seams and the 

purer character of the limestone layers in Minnesota. 

As to the fauna of this bed, it is not large in the way of species but individuals of 

some of them are often very abundant. This is true, especially of the region about 
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to be the same as the Hudson River group of New York and Canada, it is, with the 

exception of a portion of the upper member, indubitably Trenton, and occupies the same 

interval which in the northwest is taken up by the Galena. The two fossils mentioned 

hold pecisely the same position in Kentucky, but here there can be no doubt concerning 

the age of the strata in which they are found since they lie beneath the base of the Utica. 

Again, as neither is strictly identical with the well-known Cincinnati or Hudson River 

types of the species, the important use to which they were put by Prof. Safford is, to say 

the least, unwarranted. Even if the supposed identity of the two shells and the Hudson 

River types to which they were referred had been corroborated or established by more 

recent investigations, the weight of the evidence thereby afforded must have been deemed 

insignificant as opposed to the abundant data upon which we base our conclusion that both 

the Galena and Nashville groups are strictly equivalent to the Trenton limestone of New 

York. Neither of the two species in question has yet been found in Minnesota, but a 

variety of the Cyrtolites, to which we give the new name retrorsus, occurs in the Black 

River shales in Fillmore county. We describe also a small variety of C. ornaiu8 from the 

Clitambonites bed in Goodhue county, which corresponds very nearly in position with the 

'i'ennessee strata holding C. retrorsus Ulrich (C. ornatus Safford, not Hall). 

We have not seen an entire exposure of the upper member of the Nashville group, and 

are therefore somewhat in doubt respecting its nature and position in the geological scale, 

but certain fossils In the collection of Prof. Safford cause us to suspect that it includes a 

few layers at the top representing portions of the Hudson River period. However this 

may turn out, we have no doubt whatever about the lower 70 feet of Safford's College Hill 

limestone (his section on p. 276, Geology of Tennessee, gives the whole a thickness of 120 

feet) since that much at least is strictly equivalent to beds occurring near Frankfort, and 

other localities in Kentucky, at the top of the Trenton and always below the base of the 

Utica group. 

Divisions oj the Stones River group recognized in the Upper Mississippi province. 

Buff limestone. This, the lowest portion of the group, rests apparently conformably 

upon the St. Peter sandstone Its thickness in Minnesota, Wisconsin, Iowa and Illinois 

varies between twelve and twenty-two feet, the average thickness in Minnesota being 

about fifteen feet. At the base there is often a bed of green shale or an iron-stained layer 

of sandstone. The latter was noticed at Janesville, Wisconsin, there eighteen inches 

thick, while a combination of the two, varying both as to thickness and composition, has 

been observed at several points in Dodge and Olmsted counties in Minnesota. The lime

stone proper is compact, buff on weathering and bluish within. In Wisconsin it usually 

occurs in heavier beds than in Minnesota, and its fossils are not as well preserved there as 

here. The latter fact is probably due to the greater prevalence of clayey seams and the 

purer character of the limestone layers in Minnesota. 

As to the fauna of this bed, it is not large in the way of species but individuals of 

some of them are often very abundant. This is true, especially of the region about 
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Minneapolis and St. Paul. Here we fn'lquently meet with thin slabs, one s de of which 

may be filled with good specimens of a small variety of Rhynchotrema minnesotensis, Or this 

dejiecta, Strophornena jilitexta, Rajinesquina minnesotensis and Leperditia jabtllites. Perhaps 

ten or twelve other species have been observed in this bed at St. Paul and Minne

apolis that may be considered as common, while all'the others are rare. It is to be 

noticed also that very few, if any, of the common species are limited to the bed, but that 

nearly all of them are quite as abundant in the succeeding beds of limestone. For this 

reason no paleontological designation is proposed. 

Van11xemia becZ. This designation is proposed for the upper part (about twelve feet) of 

the limestone series at St. Paul and Minnpapolis. It is in part equivalent to the" Lower 

Blue limestone" of Wisconsin. The upper five feet are full of fossils, preserved, however, 

chiefly as empty molds and casts. Still, on the bed planes, Brachiopoda and other shells, 

as well as trilobites, are often very well preserved. Leperditia jabulites, Rajinesqnina min

nesotensis, Orthis tricenaria, Clathrospira subconica, Trochonema beloitense, Lophospira con

raeZana, L. ser'i'nlata, and Vannxemia dixonensis are very abundant, and the last four highly 

characteristic of the bed. Vanuxemia obtnsifrons, V. sardesoni, Maclurea depressa, Helicotoma 

llInIJilicata, Conr'adella triang1tlaris, and Cyrtometopus scojieldi, also are characteristic but 

much less common. 

In giving" Formation and locality" of fossils described in this volume, these two 

limestone beds are, as a rule, not separately referred to. It is to be understood, therefore, 

that the designations "Trenton limestone" and "lower limestone of the Trenton forma

tion," may mean either one or both beds. 

8tictoporella bed. This term applies to the ten feet of shale and limestone (" lower 

third of the Trenton shales") resting on the Vanuxemia bed at St. Paul and Minneapolis. 

Here it is a well marked horizon, containing an abundant fauna of which Bryozoa are the 

principal element, no less than thirty-nine species of this class being represented. 

Stictoporella jronclijera, S. anguaris, Pachydictya jrIJndosa ana Anolotichia impolita are always 

abundant and, as far as known, are to be found only in this bed. Among the interesting 

fossils is a fine new species of starfish, of which three specimens, the largest four inches 

across, were found at Minneapolis. 

The great abundance of Bryozoa, and the fact that nineteen of the thirty-nine species 

pass on into succeeding beds might be considered as good evidence for uniting the Sticto

porella bed with the next group rather than with the Stones River group. But this would 

be an error since it is clearly nothing more than the upper member of the Stones River 

group, which, in tracing it northwestward from Beloit and Janesville, Wisconsin, where it 

cannot be distingnished from the "Lower Blue limestone," gradually becomes more and 

more shaly. The conditions seem to have been eminently favorable for the development 

of bryozoan types, so it might be expected that many species would be ushered in, that, in 

this region, reached the hight of their development first in the upper part of the next bed. 

The same intimate faunal connection with the succeeding beds is exhibited also by some 

of the other classes of fossils. As shown in the list nearly 44 per cent (42 of 96) of its 
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fauna pass on into the next bed or reappear in one or the other of the succeeding beds. 

If, however, we examine these species we notice that of the 42 forms which it holds in 

common with later divisions at least twelve species of Bryozoa, Brachiopoda and Trilobita 

range through three or more groups, and therefore ought not to be taken into account in 

determining the question under consideration. Deducting these the percentage of species 

passing upward is considerably reduced, while the remaining fauna is more in accordance 

with that of the preceding limestones. As it is, over half of the entire fauna is received 

from below. 

In comparing the Stones River group as developed in Minnesota with equivalent rocks 

at other localities embraced within the limits of the Upper Mississippi province, we find 

that the lithologic characters change towards the east and south. Thus at Beloit, 

Wisconsin, and at Rockton, Illinois, the Lower Buff and Lower Blue limestones are more 

nearly alike in texture and composition than is the case farther west in those states. In 

the quarries at Rockton these beds as well as the Upper Buff limestone are enough alike 

to have been considered by Whitney and Worthen as the same as what the Wisconsin 

geologists have more recently distinguished as the Lower Buff. At Mineral Point, 

Wisconsin, and Dixon and Dunlieth, Illinois, th8 Lower Blue is a pure limestone and 

readily separated from the Lower Buff. In Minnesota, however, the strata equivalent to 

the Lower Buff are a purer limestone than usual in the northwest, while the strata which 

we parallelize with the Lower Blue are magnesian in the middle member (Vanuxemia bed), 

clayey in the lower, and an alternation of pure crystalline limestones and shales in the 

upper. 

The Trenton period of the northwestern states may be divided into three regions in 

each of which the lithologic character of the various beds is approximately uniform, 

namely, the Minnesota area, the region included between the three towns of Dixon, 

Dunlieth and Mineral Point, and the third including the towns of Janesville, Beloit and 

Rockton. In the first, the period includes much shale, in the second, a good proportion 

is pure limestone, in the third, all the beds are more or less distinctly dolomitic. These 

lithologic areas, if we may so call them, of course merge gradually into each other, and 

probably are due to conditions depending upon the distance of each area from the Lower 

Silurian shore line. 

Of Wisconsin sections of the group of strata under consideration, the one which, so 

far as known to us, offers the greatest resemblaI1ce to the St. Paul section, occurs near 

Benton, Wisconsin. Here the "Lower Blue limestone" is terminated above by two beds 

corresponding in position and fossils, and fairly well also as regards composition, to the 

Vanuxemia and Stictoporella beds. 

In central Kentucky the rocks which belong to this group form precipitous bluffs, 

often over two hundred feet in hight, along the Kentucky river from Frankfort to and 

beyond High Bridge. N early the whole of this section consists of massive dove colored 

limestones, exceedingly like and unquestionably equivalent to the Birdseye limestone of 

New York. The base of the group is not exposed in Kentucky so that we have only the 
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evidence of deep borings to show that it is underlaid by the St. Peter sandstone. For the 

same reason we cannot give the entire thickness of the group in Kentucky. About 325 

feet of it are exposed at High Bridge, but judging from certain fosoils which occur at the 

base of the section at that point, we believe that no less than fifty feet more are covered. 

Indeed, there may be much more since the fossils in question are characteristic species of 

the Ridley limestone of Tennessee, and if the underlying limestones have as great a thick

ness in Kentucky as in that state, which, considering the fact that the beds equivalent to 

the Glade limestone are much thicker at High Bridge than in Tennessee, is highly 

probable, the covered portion of the group equals quite a hundred feet. The upper part 

sometimes contains much shale and is highly fossiliferous, many of the species being 

identical with those which occur in the upper beds of the group in the Minnesota region. 

TetTadium cellulosum Hall sp., perhaps the most characteristic fossil of the Birdseye in 

New York, is very abundant in this portion of the group at High Bridge and Frankfort. 

The typical Tennessee section consists of from 300 to 340 feet of alternating thin and 

heavy bedded, light blue and dove-colored compact limestones, the texture very much like 

that of the Upper Blue limestone ('. Glass rock ") at Dixon, Ill., and Mineral Point, Wis., 

and not greatly different from occasional layers found in the Lower Buff at Minneapolis. 

The lowest member (Oentrallimestone) is thick bedded and decidedly cherty, and some of 

the layers are full of silicified fossils in a good state of preservation. Salterella billingsi and 

Leperditia jabulites, the latter, perhaps, the most characteristic fossil of the group, occur 

in great abundance. Other fossils having an interest in this connection are Pterotheca 

aliernata, Goniocer'as occicZentalis, Gtenoclonia gibberula, Bucania emmonsi, Lophospira 

perangnlata, Liospi1-a abrupta, Solenospira prisca, and Geraurus pleurexanthemus. 

The next bed (Pierce limestone) is chiefly remarkable for the wonderful profusion 

of its Bryozoan fauna, some of the thin layers being completely covered with 

bifoliate forms. The" Ridley limestone" is heavily bedded again, and contains a rather 

peculiar fauna, much of it, especially among the Bryozoa, new to science. Orthis sub03quata, 

Rajinesquina minnesotensis and Phylloporina subla:Jxt are not uncommon. The" Glade 

limestone," with a maximum thickness of 120 feet, consists of thin or flaggy layers and 

some shale. It is highly fossiliferous and contains many species that are characteristic of 

the group in Minnesota. 

Black River group. 

This group, though never very thick (usually from 20 to 100 feet) is still widely 

distributed, being recognizable in Oanada, New York, Vermont, Pennsylvania, Tennessee, 

Kentucky and in the northwest. In Oanada and the eastern states it is usually a heavy 

bedded limestone, and so it is also in Tennessee, Kentucky, Illinois and Wisconsin, but in 

Minnesota it consists almost entirely of greenish shales. The Tennessee and Kentucky 

strata which we place here have been called" Oarter's Oreek limestone " by Prof. Safford. 

In Kentucky the group is less than 50 feet thick, but in Tennessee it is as much as 100 
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feet. The rocks contain considerable chert and the fossils are nearly always silicified. 

Characteristic fossils are Tetradium columnare. Oolumnaria halli, O. cClrtm'ensis, Sirepielasma 

profundum, Raphisfomina lapicida, Stromatocerium rngosum, Triptoceras plarlOdorsatulIl, 

Actinoceras bigsbyi, Orthoceras arcuoli1'afum, O. lesueuri, T. planoconvexum, Orihis peciinella, 

Receptaculites occidentalis, and Oamarocladia rugosa (Ulrich). * 
In Wisconsin and Illinois the group is represented by the" Upper Buff" and" Upper 

Blue limestones." The average thickness of the two beds here is probably less than 40 

feet. They are well exposed in the quarries at Rockton. Illinois, where the upper member 

carries fossils clearly indicating the Phy lloporina and Fucoid beds of the Minnesota 

section. We collected here, namely, Orthi.s pectl:nella, O. testudinaria, Sirophomena 

trenionensis, Agelacrinus marginatus, Bythotrypa loxata, Rafinesquina inquassa, Arthropora 

bifurcata, Prasopora conoidea and Bythopora alcicornis. In the Upper Buff, which we 

correlate with the Rhinidictya and Ctenodonta beds of Minnesota, we saw Strepielasma 

profundum, Pachydictya occidentalis. Phylloporina reticulaia, Rhinidictya mutabilis, 

Oyrtodonta cingulata, Vanuxemia niota and Oyrtoceras corniculum. Numerous other 

Cephalopoda occur in this bed but they have not been identified in Minnesota. At Beloit 

and other localities in Wisconsin the Upper Buff contains some chert. 

The strata representing the Black River group in Minnesota are peculiar in consisting 

almost entirely of shales. They are also more fossiliferol1s than elsewhere, and the fauna 

taken as a whole is unusual in two respects. Namely, it includes a large number of 

Bryozoa which are wanting entirely in other regions, while the Cephalopoda, for which 

the group is noted, are here represented by relatively small species only. Another 

remarkable feature is the rapid reduction in volume between Cannon Falls and localities 

in Fillmore county. (See sections 6, 7 and 8). This is so marked that we are almost 

justified in assuming that the entire group failed a few miles east of Fountain. Unfortu

nately, this cannot be proved since the strata of the Trenton period have all been removed 

in that direction. While the Stones River group may still have continued without material 

interruption across the Mississippi valley, at the southern end of the state, the Black River 

group probably did not do so, and we are inclined to believe that the latter, as well as 

the succeeding Silurian and Devonian strata of southern Minnesota and northern Iowa, 

were deposited in a bay. 

* The last of these fossils Is the large" fucold" that is so extremely abundant and characteristic of the Fneoid bed 
in Minnesota. In Mercer county. Kentucky, it occurs at an exactly equivalent horizon, i. e., in a thin bed of shale near the 
top of the Black River limestone. The fossil seems to us to be a cast of a brancbing sponge similar to the CamaTocladia 
dtchotoma described by Ulrich and Everett from tbe sponge layer of the Stones River group at Dixon, Illiuois. C. rugosa is a 
much larger speCies, its flexuous compressed branches varying from 5 to over 12 mm. in width. The bifurcations vary 
greatly, being sometimes very close, at other times far apart. As a rule the specimens show little structure, appearing as 
mere stony flattened branches with more or less obscure transverse and oblique furrows. The most complete specimens are 
covered with an irregular network composed of coarse nodulose threads often exhibiting a longitudinal arrangement. 
Generally the network remains on one side of the branches only. When removed entirely the stems are seen to be composed 
of two elements: (1) a siphuncle-like, subcylindrical rod, with annulations and constrictions 3 to 6 mm. apart, and (2) a 
series of oblique septa-like partitions-generally two to each annulation-clasping the annulated rod so as to leave about 
one-third of its circumference exposed to view. Not infrequently the rod lhanges suddenly from one side of the branch to 
the other. In an unbranched fragment before us this occurs twice in the space of 40 mm. The best specimens were found 
in Goodbue county. 
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The Black River shales of Minnesota (Trenton shales of this volume-particularly 

those parts which are distinguisbed as middle and upper thirds) may conveniently be 

divided into four beds as follows: 

Rhinidiciya bed. This bed is usually referred to in the folla"wing descriptions as the 

" middle third of the Trenton shales." It consists of dark green, soH shale, not over 5 

feet thick in Fillmore county, and between 20 and 25 feet in Goodhue and Ramsey counties. 

(See sections 1, 2, 6, 7 and 8). It is very fossiliferous, particularly in the upper balf, 

where the fossils, Bryozoa mainly, occur in thin calcareous layers in great quantity and 

variety. Rhinidictya rnlltabilis is exceedingly abundant, as is also Batostorna winchelli, while 

no less than 25 of the 57 species of Bryozoa may be said to be common. Excepting the 

Mollusca, which occur as casts of the interior, the fossils are in an excellent state of 

preservation. 

Gtenoclonta becl. At St. Paul this bed is scarcely distinguishable from the Rhinidictya 

bed, several of the leading Bryozoa being quite abundant in it. However, in Goodhue 

county, where the bed is from 6 to 10 feet thick, Bryozoa are almost entirely absent wbile 

the Mollusca occur in great numbers. No less than 43 Lamellibranchiata have been found 

here and over half of the number are restricted to this bed. The Gastropoda are almost 

equally numerous while the Cephalopoda are, as far as number of species is concerned, 

nearly as well represented here as in any other division of the Lower Silurian in Minne

sota. The bed contains considerable iron and in Goodhue county can always be recognilled 

by the red or brown color of the fossils and weathered slabs. The latter frequently 

become oolitic exteriorly, the grains being concretions of limonite of lenticular form. 

Cienodonia socialis, C. scofieldi, C. compTeSSct, C. planodoTsaia, LYTodesma acuminaium, 

Jllatheria rugosa, vVhdella scofieldi, Cyrtoceras cornimilum, ATchinacella deleta, Raphistoma 

peTctCutCt, Lophospirct oweni, and L. spironema, are some of the characteristic fossils. 

Under the descriptions of some of the Lamellibrancbiata this bed is distinguished as the 

"upper part of the middle third of the Trenton shales." The name Ctenodonta bed is 

used only in the chapter on Gastropoda. 

PhyllopoTina becl. This bed has a thickness of from 10 to 15 feet in Ramsey and 

Goodhue counties, but it is much thinner in Fillmore county. It much resembles the 

Rhinidictya bed, and like it contains a great number of Bryozoa, but instead of the 

bifoliate forms it is the monticuliporoids that predominate here. Hornotrypa sllbrarnosa is 

very abundant at most localities, as are also Prasopora sirnulat1"ix, P. conoiclea and Batostorna 

rnoniuosmn, but the most distinctive and easily recognized fossil is the Phylloporina cOTticosa. 

Of four Echinodermata one, Agelacrimls rnrlTginatu8, occurs in the" Upper Blue" in Wis

consin, and at the base of the Trenton in Kentucky. Lamellibranchiata, Gastropoda, 

Cephalopoda and Trilobita are rare, but the Ostracoda are well represented and some of 

the species are abundant. In the descriptions of the fossils this bed is not separated from 

the following, tbe designation" upper third of tbe Trenton shales" applying to either one 

or both. 
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The Black River shales of Minnesota (Trenton shales of this volume-particularly 
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Mollusca, which occur as casts of the interior, the fossils are in an excellent state of 

preservation. 
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peracui(t, Lophospira oweni, and L. spironema, are some of the characteristic fossils. 
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"upper part of the middle third of the Trenton shales." The name Ctenodonta bed is 
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Phylloporina bed. This bed has a thickness of from 10 to 15 feet in Ramsey and 
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Of four Echinodermata one, Agelacrintls rrtrlrginatus, occurs in the" Upper Blue" in Wis

consin, and at the base of the Trenton in Kentucky. Lamellibranchiata, Gastropoda, 

Cephalopoda and Trilobita are rare, but the Ostracoda are well represented and some of 

the species are abundant. In the descriptions of the fossils this bed is not separated from 

the following, the designation" upper third of the Trenton shales" applying to either one 

or both. 
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Fucoid or Orthis pectinella bed.· This bed is scarcely recognizable in J.;-'illmore county, 

but at St. Paul and in Goodhue county it is a well marked horizon. It is full of one of the 

so-called fucoids, the Camarocladia rugosa, a fossil which we regard as the cast of a branch

ing sponge. (See foot note, p. xcv. ) It is very characteristic of the bed in Minnesota 

and occurs in the same group in Kentucky. Other characteristic rossils of the bed are 01·this 

pectinella and Strophomena septata. In Minnesota the bed is generally terminated above by a 

roughly bedded, rusty, semi.-crystalline layer, one to three feet in thickness. The rest of 

the bed, with the occasioual exception of one or two thin limestone layers, consists entirely 

of blue shales similar to those of the preceding beds, excepting that it is largely made 

up of comminuted fragments of organic remains. 

The Fucoid bed may in a measure be considered as a passage from the Black River 

group to the Trenton group. On both paleontological and lithological grounds, however, 

we are satisfied that it is really a part of the former. The rather limited fauna is more 

clearly related to the Black River than to the Trenton and it was not till its close that any 

marked lithological change took place. In Minnesota, it is true, the strata following are 

at first still shaly, but instead or the preceding blue and green colors, we now have a 

yellowish or gray tinge, while the prevailing fossils, excepting several Branchiopoda, are 

nearly all distinct. In Wisconsin and Illinois the two groups are just as easily separated, 

while in Tennessee and Kentucky, no one could fail in separating the Orihis bed from the 

Carter's Creek limestone_ Paleontologically there is always a decided break between the 

two groups. This is, perhaps, least in eastern Canada where the Black River group is 

also lithologically much like the Trenton limestone. 

In the eastern states and Canada the Black River group is remarkable for the 

abundance and great size of the Cephalopoda. In other regions, however, this class of 

fossils i.s not lilO strongly represented, although the group everywhere presents some of the 

leading species-less of them in Minnesota than anywhere else. But in Wisconsin and 

Illinois the "Upper Buff limestone" again contains more Cephalopoda than anything 

else, although most of the species occur also in the underlying "Lower Blue limestone ". 

Still, this seems to be the case with the Cephalopoda not only in Wisconsin but in Canada, 

Kentucky and Tennessee as well. The summary tables i~mediately following the list of 

fossils show that of the 296 species found in the Black River group of Minnesota, 189 are 

restricted to the group, 72 occur also in the Stones River group, and 58 pass into the 

following groups. 

Trenton group. (Galena limestone and slwles. Nashville gronp.) 

When the Lower Silurian faunas of Canada, the eastern states and of Kentucky and 

Tennessee are compared with those which characterize the variou~ divisions of the Lower 

Silurian in the northwest, it seems strange that it has not been recognized heretofore that 

the Galena limestone, instead of being a local upper member of the Trenton or the 

equivalent of the Utica slate, is really equal to the whole of the Trenton group in New 
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York and Canada. That this is a fact. is, we think, shown beyond any question whatever 

by the summary tables following the list of fossils. As given there no less than 107, or 87 

per cent. of the 123 species common to the Galena of the northwest and one or more of the 

four other regions compared, occur elsewhere in the Trenton group. This percentage is 

increased to nearly 95 per cent., if we consider only the species that are restricted to the 

group in the northwest, since of 76 of such species 72 occur elsewhere in the Trenton group. 

That the Galena is a distinct group by itself is we think again shown conclusively by 

summary table No. 1. This gives a total of 305 species, of which 227, or about 74 per cent., 

are restricted to the group. 

The Trenton group everywhere is a limestone, usually thin bedded and with more or 

less of shale in the lower part, and thick bedded and coarser textured in the upper. 

Sometimes, as at Frankfort and Covington, Ky., and Nashville, Tenn., there is some shale 

also near or at the extreme top. In the eastern states the lower part is black, the upper 

dark gray; south of the Ohio river both divisions are of lighter shades, the lower part 

being dark gray or blue, the upper a light gray or dove-color and when shaly a darker 

gray or blue; in the northwest the whole may be of various shades of buff, or the lower 

half may be in parts yellowish, grayish or with faint blue or greenish tints. 

In the northwest, if the group is traced from southern Wisconsin into Illinois and then 

around the supposed upper Mississippi barrier into Iowa and Minnesota, a gradual change 

in the lithologic characters of the group will be noticed. In the first locality the Trenton 

or Galena is a dolomitic limestone throughout, in Illinois it sustains very little if any 

change, but in Iowa, as for instance at Decorah, the basal part is decidedly shaly and 

contains some layers of nearly pure limestone. In Fillmore county, Minnesota, the pure 

limestone has increased very materially in thickness, over 100 feet being of this character 

at Wykoff, leaving only about 50 feet at the top (the Maclurea bed) retaining the dolomitic 

feature that pertains to the whole of the group in southern Wisconsin. In following the 

group through Olmsted county into Goodhue we observe that now the lime also is 

gradually replaced (from the bottom upward) by more and more of argillaceous material, 

so that in the last county, between the post offices of Hader and Holden, only about 20 

feet at the top of the Fusispira bed is still a pure limestone. Only a few feet of the 

Maclurea bed is left in Goodhue county and this seems to be essentially of the same 

character as in Fillmore county. North of Goodhue county all of the Trenton, save the 

lowest member (Clitambonites bed) has been swept away, so we cannot say positively that 

the Maclurea bed, like the Fusispira bed, was eventually also replaced by shales. 

In Minnesota the group is divisible into three or four beds as follows: 

Glitambonites bed. This division (see sections 1. 2 and 3) consists of yellowish, light 

green or drab shales, with more or less of thin, indurated clay or impure limestone layers 

in the lower two-thirds. At the top there is a bed of light shale without hard layers, five 

to ten feet in thickness, in which fossils are very scarce. In the remainder, however, 

fossils are exceedingly plentiful, and, excepting the Mollusca, very well preserved. The 

whole bed is from 15 to 22 feet thick at St. Paul and in Goodhue county .. Like the 
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preceding shales of the Black River group it thins rapidly in a southeastern direction 

from Goodhue county, being very thin in Olmsted county and scarcely, if at all, repre

sented in the southern part of Fillmore county. 

The lower eight feet at St. Paul contains great numbers of Z,ygospira recurvirostra 

and Rhychotrerna increbescens, while Pachydictya elegans is abundant and characteristic of 

this portion. Taking the bed as a whole the Bryoza make up a large part of its fossils, 

10 of the 36 species being also restricted to it. Next come the Gastropoda with 29 species, 

the Brachiopoda with 23, and the Lamellibranchiata with 13. The principal characteristic 

fossils are Callopora arnpla, a. goodhnensis, Pmsopom insularis, Eridotrypa rnutabilis, 8tro

phornena scojieldi, Orthis rneedsi, Clitarnbonites (liversa, Vanuxernia hayniana, Tetmnota 

bidorsata and Arges wesenbergensis var. paulianu8. A small variety of Plectarnbonites sericea 

(rninnesotensis Sardeson) is also very abundant. Receptaculites oweni is occasionally met 

with in the uppermost layers of this bed at St. Paul. In the description of the species 

this bed is always called the Galena shales. That term, however, is not en tirely restricted 

to the Ulitambonites bed but occasionally includes also the lower part of the next bed, 

Fllsispira bed. This is by far the most important of the three or four beds of the 

Trenton in Minnesota. Outcrops are lltlmerOUS in Fillmore, Olmsted, Dodge and Goodhue 

counties, and fossils, most of them well preserved, are abundant in many of the layers. 

As already pointed out, the lithologic character of the bed varies considerably at 

different localities in the counties mentioned. (See sections 3, 4, 7 and 8.) The lower 

portion only is fairly constant, consisting, wherever this part has been observed, of soft 

shales and four or five, often irregular or lenticular, layers of crystaHine limestone, 

varying in thickness from one to ten inches. These layers are crowded with fossils 

(mostly Bryozoa and Brachiopoda) many of which are restricted to the horizon. Being 

a persistent and easily recognized stratum it should have been separated and given a 

distinct name, but several reasons, chief among them the fact that we could not satisfy 

ourselves respecting the upper limit, have caused us to refer it provisionally to the 

Fusispira bed. Dr. Sardeson has, we believe, included it in his Camarella bed, which he 

gives a thickness of 30 feet. * He does not mention the limestone layers that occur at 

intervals in the lower 10 or 12 feet, and which lie directly upon the Clitambonites bed, but 

characterizes the bed according to the crumbling argillaceous limestones restillg on them 

and which contain Parastrophia herniplicata and Oyclospira bisulcata. The latter, as will be 

shown presently, does not deserve to be separated from the next series of strata which Dr. 

Sardeson calls the" Lingulasma bed," nor can we, for the reason given, justly restrict the 

use of the name Camarella bed to the 10 or 12 feet of strata immediately following the 

Clitambonites bed. Really, Dr. Sardeson's name must be thrown out altogether for the 

simple reason that, according to the investigations of Winchell and Schuchert, and those 

recently published by Hall and Clarke, t one of his supposed Camarellas proves to belong 

to the new genus Parastrophia, H. & c.,t while the other Is the type of another new genus 

* It is possible that we are mistaken and that Dr. Sardeson really regards the bed as the upper member of his 
Orthisina bed (Clitambonites bed of this book). Again it is possible that thelayers in question were entirely overlooked 
by him. (For abstracts of Sardeson's papers see pp. xlvi and xlvii of the Introduction to part I of this volume.) 

t Palreontology of Now York, vol. VIII, pt; 2, fase. i and ii, 1893. 
:j: The species of this genus are referred provisionally to AnastrophUi in this volume, pp, 382, 383. 
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from Goodhue county, being very thin in Olmsted county and scarcely, if at all, repre
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and Rhychotrema increbescens, while Pachydictya elegans is abundant and characteristic of 

this portion. Taking the bed as a whole the Bryoza make up a large part of its fossils, 
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counties, and fossils, most of them well preserved, are abundant in many of the layers. 
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different localities in the counties mentioned. (See sections 3, 4, 7 and 8.) The lower 

portion only is fairly constant, consisting, wherever this part has been observed, of soft 

shales and four or five, often irregular or lenticular, layers of crystaHine limestone, 
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distinct name, but several reasons, chief among them the fact that we could not satisfy 
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Fusispira bed. Dr. Sardeson has, we believe, included it in his Camarella bed, which he 

gives a thickness of 30 feet. * He does not mention the limestone layers that occur at 

intervals in the lower 10 or 12 feet, and which lie directly upon the Clitambonites bed, but 

characterizes the bed according to the crumbling argillaceous limestones restillg on them 

and which contain Parastrophia hemiplicata and Cyclospira bisulcata. The latter, as will be 

shown presently, does not deserve to be separated from the next series of strata which Dr. 

Sardeson calls the" Lingulasma bed," nor can we, for the reason given, justly restrict the 

use of the name Camarella bed to the 10 or 12 feet of strata immediately following the 

Clitambonites bed. Really, Dr. Sardeson's name must be thrown out altogether for the 

simple reason that, according to the investigations of Winchell and Schuchert, and those 

recently published by Hall and Clarke, t one of his supposed Camarellas proves to belong 
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t PalalOntology of Now York. vol. VIII, pt; 2. fase. i and ii, 1893. 
:j: The species of this genus are referred provisIonally to AnastrophUi in thIs volume, PP. 382, 383. 
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and is now called Cyclospira bisulcata. This leaves the genus Carnarella without any known 

representative in the Silurian rocks of Minnesota. 

This lower division of the Fusispira bed is referred to occasionally in the description 

of the fossils as the "N em atop ora bed" or as the "top" or "upper portion of the 

Galena shales," but in most cases the fossils are credited simply to the Galena shales. * 
Fossils are abundant, some of them extremely so. Common forms are plates of Glytocystites 

sp. undet., Helopora mllcronata, Arthroclmna armaium, Nematapara ova lis, N. granosa, 

Pachydictya pumila, Rhinidiciya minima, Homotrypa similis, Mesotrypa discoidea, Orthis 

meedsi val'. germana, Clitambonites divers us, Schmidtella subceqllalis, Halliella labiosa and 

Tetradella lunatifera. If a distinct name is desired for this horizon, that of Nematopora 

bed would be appropriate since this genus is represented here by four species and is 

unknown in all the other beds. 

Above the Nematopora horizon we have a series of strata for which the name Fusispira 

bed is proposed and to which the name should eventually be restricted. As has been 

stated already the lower portion of the bed has been separated by Dr. Sardeson as the 

" Oamarella bed" while the upper portion he named" Lingulasma bed." The first of Dr 

Sardeson's names we have shown to be untenable, the second is objectionable because it is 

based upon a fossil that is very rare and in the opinion of the writers probably not 

distinct from the Lingulasma schucheri?: which is a rather widely distributed fossil of the 

Oincinnati period. We doubt also our right to extend the application of the name to 

strata which Dr. Sardeson holds to be distinct. Our name is based upon the occurrence 

here of at least nine species of Fusispira, four of which seem to be restricted to the bed, 

while two occur also in the Olitambonites bed and the others continue into the lower part 

of the Maclurea bed. 

In Fillmore county, as may be seen from section 4, (pI. xxxv), the Fusispira bed consists 

of a continuous series of thin bedded and more or less pure limestones little short of 100 

feet in thickness. N early every foot of the bed as exposed in Prosser's ravine near 

Wykoff is fossiliferous, and some of the layers are crowded with shells. In tracing the 

bed through Olmsted and Dodge into Goodhue county the lower part becomes gradually 

more and more argillaceous (see sections 3 and 7), the fossils at the same time becoming 

less abundant and finally exceedingly rare or wanting entirely. 

The Mantorville quarry layers, which we place in the lower part of the bed, are 

peculiar in reassuming the magnesian character which had been lost before the bed 

entered Minnesota. The rock here is a firm and durable limestone in courses varying 

from three to thirty-six inches in thickness. All the fossils except the inarticulate 

brachiopods and graptolites occur as casts. We collected here the following species: 

Lingulct iowensis, L. huTlbuti, L. n. sp., Schizotreta pelopea, Strophomena trilobata 
, , 

• It is unfortunate that t,he subdivision of the Lower Silurian strat", Minnesota could not be carried 0 . 
yolume went to press, It would have prevented some naceul'a"ies tJ.ou"h we 'vould d btl h ut before thIS 

, ' ry • ou ess ave fallen into th d in the eod perhaps ,.ave produced more confusIOn th"n prevails now with the pro" I 0 ers an 
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and is now called Cyclospira bisnlcata. This leaves the genus Camarella without any known 

representative in the Silurian rocks of Minnesota. 

This lower division of the Fusispira bed is referred to occasionally in the description 

of the fossils as the" Nematopora bed" or as the "top" or "upper portion of the 

Galena shales," but in most cases the fossils are credited simply to the Galena shales. * 
Fossils are abundant, some of them extremely so. Common forms are plates of Glytocystites 

sp. undet., Helopora mncronata, Arthroclenw armatum, Nematopora ova lis, N. granosa, 

PClchydiciya pnmilCl, Rhinidiciya minima, Homotrypa simi lis, Mesotrypa discoidea, Orth7's 

meedsi val'. germana, Cldambonites diversus, Schmidtella subwqllalis, Halliella labiosa and 

Tetradella lunatifera. If a distinct name is desired for this horizon, that of N ematopora 

bed would be appropriate since this genus is represented here by four species and is 

unknown in all the other beds. 

Above the Nematopora horizon we have a series of strata for which the name Fusispira 

bed is proposed and to which the name should eventually be restricted. As has been 

stated already the lower portion of the bed has been separated by Dr. Sardeson as the 

"Oamarella bed" while the upper portion he named" Lingulasma bed." The first of Dr 

Sardeson's names we have shown to be untenable, the second is objectionable because it is 

based upon a fossil that is very rare and in the opinion of the writers probably not 

distinct from the Linglllasma schucherti which is a rather widely distributed fossil of the 

Cincinnati period. We doubt also our right to extend the application of the name to 

strata which Dr. Sardeson holds to be distinct. Our name is based upon the occurrence 

here of at least nine species of Fusispira, four of which seem to be restricted to the bed, 

while two occur also in the Olitambonites bed and the others continue into the lower part 

of the Macl urea bed. 

In Fillmore county, as may be seen from section 4, (pI. xxxv), the Fusispira bed consists 

of a continuous series of thin bedded and more or less pure limestones little short of 100 

feet in thickness. Nearly every foot of the bed as exposed in Prosser's ravine near 

Wykoff is fossiliferous, and some of the layers are crowded with shells. In tracing the 

bed through Olmsted and Dodge into Goodhue county the lower part becomes gradually 

more and more argillaceous (see sections 3 and 7), the fossils at the same time becoming 

less abundant and finally exceedingly rare or wanting entirely. 

The Mantorville quarry layers, which we place in the lower part of the bed, are 

peculiar in reassuming the magnesian character which had been lost before the bed 

entered Minnesota. The rock here is a firm and durable limestone in courses varying 

from three to thirty· six inches in thickness. All the fossils except the inarticulate 

brachiopods and graptolites occur as casts. We collected here the follow' . mg specIes: 
Lingula iowensis, L. hurlbuti, L. n. sp., Schizot1'eta pelopea, Strophomena trilobata 
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RnfinesqU'ina deltoidea, Plflcinmbonites gibbosa, Oyclospi1Yt bisulcaia, Plelt1'ocystiles s'luamosa, 

Receptaculites oweni and Murchisonia bellicincia, all of which may be considered as 

characteristic of the lower half of the Fusispira bed. 

To the northward at Berne, also in Dodge county, the Mantorville layers are more 

argillaceous and much less firm, while the fossils generally retain their shells. About six 

miles north of Kenyon (Goodhue county) the same layers are exposed in a bluff near the 

headwaters of a tributary of the Cannon river. Here, however, they are so thin and soft 

that they are quite unfit for building purposes. Immediately beneath them this bluff 

presents also a good exposure of the Nematopora horizon. About three miles south of 

Cannon Falls a good section of the greater part of the bed is exposed on a hill-side and in 

large cuts along the road to Hader P. O. Here we have, resting on the Nematopora 

layers, nearly 50 feet of shaly and sometimes apparently arenaceous strata in which after 

a careful search not a single good fossil was observed. Above them are about 20 feet of 

thin bedded fossiliferous limestones, which doubtless are equivalent to the layers quarried 

at Hader. 'fhe latter are at or near the top of the bed and contain a considerable fauna. 

Some fine specimens of Fusispira inflata (Meek & Worthen, sp.) were obtained here. 

Maclurea bed. We adopt this name from Dr. Sardeson's section. It is an eaSily 

recognized bed of buff magnesian limestone, averaging about 50 feet in thickness in 

Olmsted and Fillmore counties. This entire bed is exposed in Prosser's ravine near 

Wykoff (see section 4) and the lower layers are quarried at Stewartville and other 

localities in the state. The bed resists decomposition very well and as a rule forms bold 

bluffs. The fossils occur chiefly in the lower half, and consist almost exclusively of large 

Gastropoda, of which Maclurea crass a, MacluTina cnneata, M. manitobellsis, and Lop7lOSpil'ct 

augustina are sometimes abundant and always characteristic. At the top of the bed several 

hard though porous layers are usually present forming a durable cap when they have not 

been weathered into rough prominences. Above these, or taking their place, we have 

noticed at several points in Fillmore county, notably, ata small quarry about two and a half 

miles north of Spring Valley, from five to ten feet of unevenly laminated bluish· gray, 

crinoidallimestone, presenting unmistakable evidence of disturba.nce at the close of the 

period. This layer corresponds with current formed limestones occurring quite generally 

at the top of the Trenton in Kentucky and Tennessee, and will be further considered 

in our general remarks on the Lower Silurian. 

THE HUDSON RIVER OR CINCINNATI PERIOD. 

Under this term we include all the rocks lying between the top of the Trenton and 

the base of the Upper Silurian. Space is wanting, nor are we fully prepared to give all 

our reasons for preferring the term Cincinnati for the period instead of Hudson River 

group or period, Hudson terrane, or that oldest name of them all, the "Gray Sandstones 

and Shales of Salmon River" as described and named by Conrad in 1837, in his first report 

on the geology of the third district of New York. For the present it must be sufficient to 
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To the northward at Berne, also in Dodge county, the Mantorville layers are more 

argillaceous and much less firm, while the fossils generally retain their shells. About six 

miles north of Kenyon (Goodhue county) the same layers are exposed in a bluff near the 

headwaters of a tributary of the Cannon river. Here, however, they are so thin and soft 

that they are quite unfit for building purposes. Immediately beneath them this bluff 

presents also a good exposure of the Nematopora horizon. About three miles south of 

Cannon Falls a good section of the greater part of the bed is exposed on a hill-side and in 

large cuts along the road to Hader P. O. Here we have, resting on the Nematopora 

layers, nearly 50 feet of shaly and sometimes apparently arenaceous strata in which after 

a careful search not a single good fossil was observed. Above them are about 20 feet of 

thin bedded fossiliferous limestones, which doubtless are equivalent to the layers quarried 

at Hader. 'rhe latter are at or near the top of the bed and contain a considerable fauna. 

Some fine specimens of Fusispira inflata (Meek & Worthen, sp.) were obtained here. 

Maclurea bed. We adopt this name from Dr. Sardeson's section. It is an eaSily 

recognized bed of buff magnesian limestone, averaging about 50 feet in thickness in 

Olmsted and Fillmore counties. This entire bed is exposed in Prosser's ravine near 

Wykoff (see section 4) and the lower layers are quarried at Stewartville and other 

localities in the state. The bed resists decomposition very well and as a rule forms bold 
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period. This layer corresponds with current formed limestones occurring quite generally 

at the top of the Trenton in Kentucky and Tennessee, and will be further considered 

in our general remarks on the Lower Silurian. 

THE HUDSON RIVER OR CINCINNATI PERIOD. 

Under this term we include all the rocks lying between the top of the Trenton and 

the base of the Upper Silurian. Space is wanting, nor are we fully prepared to give all 

our reasons for preferring the term Cincinnati for the period instead of Hudson River 

group or period, Hudson terrane, or that oldest name of them all, the" Gray Sandstones 

and Shales of Salmon River" as described and named by Conrad in 1827, in his first report 

on the geology of the third district of New York. For the present it must be sufficient to 
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say that our preference is dominated by a sense of its utility and fitness. There is no 

other locality on the continent that deserves so well to be considered the typical locality 

for the series of strata in question as the region about Cincinnati, Ohio. All the groups 

into which the period may be divided are well represented there, and when it comes to 

their faunas and the facilities for collecting fossils, there is no other region in America 

where the fossils are so plentiful and so easy to obtain. Throughout this volume, however, 

and in all the Minnesota reports the term Hudson River has been used, and it is only from 

a sense of consistency that it is placed first in our title. 

Only a brief account of the subdivisions of this important series of rocks will be 

attempted here, the point of chief interest to students of northwestern geology being the 

determination of the exact equivalents of the two Minnesota divisions of the formation in 

the Cincinnati section. 

The strata of the Cincinnati period as exposed in Ohio, Indiana and Kentucky, are 

divisible into three groups, having about the same geological value as the Chazy, Stones 

River, Black River, and Trenton groups of the Trenton period, and the Medina, Clinton 

and Niagara groups of the Niagara period. These three divisions correspond very nearly 

with the Lower, Middle, and Upper Hudson of the Kentucky geologists, and the Eden 

shales, Hill Quarry beds, and Lebanon beds of Prof. Edward Orton in Vol. I, Geology of 

Ohio. 

At Cincinnati we begin the period with the Utica group, which here consists of over 

250 feet of grayish and blue calcareous shales and marls, in which many layers of 

more or less crystalline limestone, from one to twenty inches thick, are included. * The 

lower 15 or 20 feet of this division are of a darker color than the succeeding shales, being 

greenish gray or drab rather than light blue. It is this portion that agrees best in all 

respects with the Utica of New York and Canada, and it was so determined by Prof. James 

Hall as early as 1842. The gray shales contain more or less abundantly such widely 

distributed and characteristic Utica fossils as Triarthrus becki, Primitiella unicornis, 

Leptobolusinsigll1:s, Lingula daphne, Dicranograptus rarnOSU8, Diplograptus spinulosns, 

D. putillllS, Dendrograptus simplex and D. ienuirarnosus. Of these, the last three, as well 

as many other species, continue into the main body of the shaly strata of the group. 

Tilroughout, fossils, Bryozoa especially, occur in greater abundance, variety and perfec

tion than at any other known locality for the Utica. At the top the shales pass rather 

gradually into the" Hill Quarry beds." 

The latter, for which we propose to use the name Lorraine group, are clearly equiva

lent to the greater part of the New York strata which Emmons included under that name.t 

At the base of the division, which at Cincinnati comprises about 200 feet of strata, there 

are some arenaceous layers that on weathering frequently preserve the fossils as casts. 

• At Cincinnati, as m~y be seen opposite the city in the Kentucky bank of the river between the towns of West Unv
I ngton and Ludlo\~. the UtIca rests on at least 50 :eet of limestones and shales belonging to the Trenton group. The latter 
terminate above WIth a heavy current-formed crl?OJdal layer, which includes large pebbles and disturbed masses of the 
u nderlYlIJg Ilt'11eston~ layers and ~xhIbits,other eVIdences of unconformity by erosion between the two periods. 

t w~ reter partIcularly to Emmons Lorraine su,odstone, the greater part, if not all, of his Lorraine shales, which 
Waleott m1879 referred to the UtIca, belog probably eq.uival\Jntt9 the upper part of the Utica at Oincinnati. 
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At Cincinnati we begin the period with the Utica group, which here consists of over 

250 feet of grayish and blue calcareous shales and marls, in which many layers of 
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lower 15 or 20 feet of this division are of a darker color than the succeeding shales, being 

greenish gray or drab rather than light blue. It is this portion that agrees best in all 

respects with the Utica of New York and Canada, and it was so determined by Prof. James 
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Tilroughout, fossils, Bryozoa especially, occur in greater abundance, variety and perfec

tion than at any other known locality for the Utica. At the top the shales pass rather 

gradually into the" Hill Quarry beds." 

The latter, for which we propose to use the name Lorraine group, are clearly equiva

lent to the greater part of the New York strata which Emmons included under that name.t 

At the base of the division, which at Cincinnati comprises about 200 feet of strata, there 
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Above these there are numerous layers of crystalline limestone, three to ten inches in thick

ness, separated by relatively thin bands of shale. In the upper 60 or 70 feet the bedding 

is more irregular and the limestone layers thinner and generally argillaceous, unfitting 

them for building purposes. Fossils are well preserved and exceedingly plentiful, and 

among them may be recognized nearly ever species that has been described from the 

equivalent beds in New York. Perhaps 300 species of fossils are known from the Cincinnati 

exposure of the Lorraine group and of these at least two-thirds are limited to the group, 

which is, considering the very similar lithological characters of the preceding and 

succeeding beds, a surprisingly large percentage. 

Resting on the Lorraine there is a series of alternating thin bedded shales and lime

stones and in some localities finally a sandstone, in all quite 350 feet thick in southwestern 

Ohio and southeastern Indiana. Almost the entire series is excellently exposed at Rich

mond, Indiana, so that the name Richmond group which we propose to apply to the series 

is eminently appropriate:* East and southeast of Oxford in Ohio, the whole group consists 

of thin bedded limestones and shales, but at Richmond the upper part shows an increase 

of arenaceous matter while the uppermost layers of shale have become harder and include 

one or two heavy beds of impure limestone. Southward from this locality in Ripley and 

Jefferson counties (Indiana) the heavy layers are increased. In the last county their 

texture is very compact and the color a drab or dove reminding one in both respects very 

greatly of some beds of the Trenton period. In Indiana and Ohio this upper part of the 

group is, as a rule, not very fossiliferous, but when the bed is traced over into Kentucky it 

becomes a veritable coral reef reaching from Jefferson county (Ky.) to and beyond Marion 

county. The rock in this distance has changed some, being in the last county of a yellowish 

color and finely arenaceous texture, the whole giving way very readily under the weather 

so that the surface is sometimes thickly strewn with masses of Columnaria, Tetradium, 

Labechia and Beatricea. 

Near the southern border of Kentucky, at Burksville, this upper member is a true 

sandstone which Prof. Shaler has called the Cumberland sandstone. But it assumes very 

nearly that, character locally aleo near the Ohio river, as in Oldham county where over 30 

feet of it consists of greenish arenaceous shales and fine grained thin bedded sandstones. 

Linney was probably correct in correlating this bed with the Oswego sandstone of 

New York. 

An interesting paleontological fact is the recurrence in the Richmond group, either as 

identical or closely related forms, of numerous species that, while they are all wanting in 

the Utica and Lorraine groups, are common fossils of one or the other of the groups of the 

Trenton period. Of these we may mention Labechia ohioensis Nicholson, which is scarcely 

distinct from the Trenton Stromaiopora pttstulosa of Stafford; Strepfelasma Tustica Billings, 

which is very similar to S. corniculum of the Trenton; Orthis subquadraia Hall, Leperditia 

c(Ecigena Miller, Isochilina subnodosa Ulrich and Colttmnaria alveolata Goldfuss are also 

* Prof. Orton's name" Lebanon" would have been adopted had his name not been used before for a division of the 
Trenton period by Prot. tlafford. The Richmond exposures besides are larger and mQre characteristic of the group than 
those near Lebanon, Ohio. 
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which is, considering the very similar lithological characters of the preceding and 

succeeding beds, a surprisingly large percentage. 

Resting on the Lorraine there is a series of alternating thin bedded shales and lime

stones and in some localities finally a sandstone, in all quite 350 feet thick in southwestern 
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Near the southern border of Kentucky, at Burksville, this upper member is a true 

sandstone which Prof. Shaler has called the Cumberland sandstone. But it assumes very 

nearly that, character locally aleo near the Ohio river, as in Oldham county where over 30 

feet of it consists of greenish arenaceous shales and fine grained thin bedded sandstones. 

Linney was probably correct in correlating this bed with the Oswego sandstone of 

New York. 

An interesting paleontological fact is the recurrence in the Richmond group, either as 
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upper Trenton species, while C. halli Nicholson, of which the typical form occurs in the 

Stones River and Black River groups, recurs here as well as at the top of the Trenton in 

slightly modified forms. Then we have varieties of Teirwlium minus Safford and P1'oiarea 

vctusia Hall, two Trenton species; while the following Trenton types, Slrophomena 

fi1iiexta, S. frentonensis, S. tr£lobata and Rhynchotrc))m incrcbescens are represented 

respecti vely by S. neglccla, S. rugosa. S. 1111101ls and R. CO)) ({;T. And all these species, 

moreover belong to the predominant fossils of the group. Still, of the total number of 

species known from the group (over 300) nearly three-fourths are restricted to it. 

Only two of the groups of the Cincinnati period are represented in Minnesota, viz: 

the lower and the upper, an 1 both by but a small thickness. The Lorraine group thins 

rapidly in a northwestward direction from Cincinnati, and probably runs out altogether 

before reaching Kankakee, Illinois, where the volume of the whole period is less than 250 

feet; and much the greater partof this seems to belong to the Richmond group. 

The Utica group also is probably wanting entirely in the northeastern corner of 

Illinois, but in the northwestern cornor at Savannah, where the whole period is little less 

than 100 feet thick, the lower 50 feet belong to this group, while the upper represents the 

Richmond group. From a paper by Prof. J. F. James* it appears that the Cincinnati period 

occasionally exceeds 100 feet in thickness in Iowa, but on the whole it diminishes slowly 

northward from the latitude of Savannah. 

The Utica group in the Northwest seems to be a relatively deep sea deposit, and, in 

Iowa in particular, probably represents, so far as time is concerned, not only the Utica but 

the Lorraine of the Cincinnati region as well, without however at any time receiving any 

of the characteristic fauna of the latter. 

The Lorraine deposits and fauna of the Cincinn::tti province were derived from the 

east-n0rtheast and for some reason (perhaps deep water) did not extend into the northern 

Mississippi province. At the beginning of the Richmond group the Cincinnati province 

received an incursion of northwestern species like Hyolithes paruiusculus and Coleolus 

1'owensis James. 

In Minnesota the Utica group (see section 8) rests on the unevenly laminated, bluish

gray, crinoidal limestone, which forms the top of the Trenton, and consists of 20 feet or 

more of layers of impure, evenly bedded, compact gray limestone, varying from 2 to 12 

inches in thickness, separated by thin seams of shale. In the upper part of this bed the 

limestone layers are prevailingly thinner than in the lower part, and contain an abundance 

of small specimens of Asaphus megistos. The interbedded shales contain Plecfwnbonifes 

sericea, Orthis testuclinaria, varieties muZtisecta and ernaceraia, Triplecia ulrichi and a 

number of undetermined Bryozoa, while about 14 feet above the crinoidallimestone one of 

the layers furnished numerous specimens of several species of Linguln, Leptobolus 

occiclentalis and Diplograptus putillns. 

The above describes the beds ancl fauna of the group as it is exposed in the vicinity of 

Spring Valley. Farther south, between Granger, Minn., and Graf, Iowa, the fossiliferous 
* American Geologist. vol. 5. no. 6; 1890. 
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moreover belong to the predominant fossils of the group. Still, of the total number of 

species known from the group (over 300) nearly three-fourths are restricted to it. 

Only two of the groups of the Cincinnati period are represented in Minnesota, viz: 

the lower and the upper, an i both by but a small thickness. The Lorraine group thins 

rapidly in a northwestward direction from Cincinnati, and probably runs out altogether 

before reaching Kankakee, Illinois, where the volume of the whole period is less than 250 

feet; and much the greater partof this seems to belong to the Richmond group. 

The Utica group also is probably wanting entirely in the northeastern corner of 

Illinois, but in the northwestern corncr at Savannah, where the whole period is little less 

than 100 feet thick, the lower 50 feet belong to this group, while the upper represents the 

Richmond group. From a paper by Prof. J. F. James* it appears that the Cinc:innati period 

occasionally exceeds 100 feet in thickness in Iowa, but on the whole it diminishes slowly 

northward from the latitude of Savannah. 

The Utica group in the Northwest seems to be a relatively deep sea deposit, and, in 

Iowa in particular, probably represents, so far as time is concerned, not only the Utica but 

the Lorraine of the Cincinnati region as well, without however at any time receiving any 

of the ch,'Lracteristic fauna of the latter. 

The Lorraine deposits and fauna of the Cincinnati province were derived from the 

east-northeast and for some reason (perhaps deep water) did not extend into the northern 

Mississippi province. At the beginniDg of the Richmond group the Oincinnati province 

received an incursion of northwestern species like Hyolithes parviusculus and Coleolus 

lOWellS1S James. 

In Minnesota the Utica group (see section 8) rests on the unevenly laminated, bluish

gray, crinoidal limestone, which forms the top of the Trenton, and consists of 20 feet or 

more of layers of impure, evenly bedded, compact gray limestone, varyiDg from 2 to 12 

inches in thickness, separated by thin seams of shale. In the upper part of this bed the 

limestone layers are prevailingly thinner than in the lower part, and contain an abundance 

of small specimens of Asaplws megistos. The interbedded shales contain Pleciamboniies 

sericea, Orthis iestndinaria, varieties multisecla and emaceraia, Triplecia uln'chi and a 

number of undetermined Bryozoa, while about 14 feet above the crinoidallimestone one of 

the layers furnished numerous specimens of several species of Lingula, Lepiobolus 

occidenialis and Diplogmpius putillus. 

The above describes the beds and fauna of the group as it is exposed in the vicinity of 

Spring Valley. Farther south, between Grancrer Minn and Graf Iowa th f 'l'f 
0'" "e OSSI 1 erous 

* American Geologist. vol. 5. no. 6; 1890. 
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bed becomes thicker and more argillaceous, taking it as a whole, and contains molluscan 

species of the genera Otenorlont,t, OlicZophorns and Orthocerns in increasing abundance. 

Resting upon the Utica we find in Fillmore county from 10 to perhaps 25 feet of more 

or less thin bedded argillaceous and siliceous limestones belonging to the Richmond group. 

Some of the layers are full of fine fossils, chiefly Brachiopoda, and these are often silicified, 

in which condition they have been collected by hundreds near Spring Valley. With very 

few exceptions, all the fossils that have been found in these layers occur also in the 

Richmond group of Illinois, Indiana and Ohio. 

The strata of this group in Fillmore county are quickly decomposed and covered with 

soil, so that satisfactory natural exposures are rare. The fossils may sometimes be picked 

out of the worn soil of old fields but a more abundant supply was obtained in the cuttings 

along the railroad between Wykoff and Spring Valley. A few of the characteristic species 

are Ol'this subqnadrata, O. proavita, O. testudinaria (large variety), 0. whifjieldi, Rafinesquina 

kin.qi Whitfield sp., Rhynchonella capax, Strophomena neglecia, Batostolna variabile, Oteno

donta similis, O. recur va and Streptelasma rusticum. 

Overlying the fossiliferous layers of the Richmond group, may be seen in two places 

near Spring Valley, one about two and one·half miles north, the other one mile east of 

the tOWII, about six feet of sandy layers weathering into irregular lumps and thin shells. 

Some of these contained fragments of large crinoids or cystids, and from the loose material 

we obtained several fine examples of Hindia sphceroidalis, a common Upper Silurian 

f03sil; also spicules of Hyalosielia solivaga which occurs nearly everywhere in connection 

with the Hinclia. Tho1).gh these six feet are probably to be regarded as Upper Silurian 

the passage lithologically from the Richmond group is exceedingly gradual. 

Succeeding the foregoing bed and followed with not very strong evidences of uncon· 

formity by Devonian strata, is a sandstone four feet thick which here and there contains 

large numbers of small quartz pebbles, varying between one and ten mm. in diameter 

This sandstone we assume to belong to the Oriskany of New York. 

TABULATION OF THE LOWER SILURIAN SPECIES OF MINNESOTA AND GENERAL 

REMARKS INTRODUCTORY TO SAME. 

In the following tables the student will find the names of all the species known to 

occur in the Minnesota strata of the Trenton and Hudson River periods, excepting the St. 

Peter sandstone. To these are added a numher that are likely to be found within the 

limit,s of the state but are as yet known to occur only in the neighboring states of Wis· 

consin, Illinois and Iowa. With these the total number of forms catalogued is 809. Species 

described in the volume from other regions are not included in the list since they have no 

bearing at present upon the points which the tables are intended to bring out. These 

tables show also the stratigraphic and geographic distribution of the species, while 

the summary tables which follow the list show how the faunas of the various stratigraphic 

divisions compare with each other and with those recognized in the Oincinnati, Tennessee, 

New York and Oanadian Lower Silurian regions. 
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The total number of species and varieties in the Lower Silurian, belonging to the 

classes studied, which have been discussed in the volume, is eight hundred and eighty-one, 

and of these six hundred and ninety-three have been identified in the state, and ninety 

have been obtained from other states, and are likely to be found in Minnesota. They are 

distributed as follows: 

Sponges. 11 species, of which one only has been found in Canada. 

Graptolites. 3 species, all of which have been found in New York and Canada. 

Corals. 10 species, of which 4 have been found in New York and Canada. 

Bryozoans. 162 species, of which 15 are in New York and Canada, and 17 have not been 

found in Minnesota. The 19 large genera, i. e., those containing four or more species are 

the following: 

Stomatopora..... .. ............ 4 species. Monticulipora ............... .. 
Rhinidictya ...... , . . . . . . . . . . . . 9 species. A tactoporella ................ . 
Pachydictya. .... .... ...... .... 7 species. Homotrypella ............... .. 
Escharupora. .... .. .... .... .... 4 species. Homotrypa .................. . 
Stictoporella .... . . . . .... .. .. .. 6 species. Prasopora ..................... . 
Helopora . . . . . . . . . . . . . . . . . . . . . . 7 species. Mesotrypa .................... . 
Arthroclema .... . . . . .. . . . . . . . . 5 species. Callopora ..................... . 
Nematopora. ........ .... .... .. 4 species. Batostoma .................. .. 
Phylloporina .... .... .... .... .. 4 species. Monotrypa ................... . 

Leptotrypa.......... .. ........ 4 species. 

5 species. 
4 species. 
6 species. 
8 species. 
8 species. 
[) species. 
9 species. 
8 species. 
4 species. 

Of this total 9 species have not yet been found in Minnesota, leaving 102 species in 19 

genera, which are known to occur within the state. The other 30 genera, of which one 

(Heterotrypa) does not occur in the state so far as known, contain 51 species. 

Brachiopods. 81 species, of which 20 species (and 2 varieties) occur in New York, and 

33 species (and 4 varieties) occur in Canada. There is a total of 40 species common to 

Minnesota. New York and Canada. Of the 81 species considered, 8 are not found in the 

state, making a total of 73 species of known Lower Silurian brachiopods. The large 

genera, having each four or more species, are: 

Lingula.. . . . . .. .. . . . . . . . . . . . . .. 12 species. 
Orthis ............ . 

StrophomenaOo. " . . . . .... .. .... 12 species. 
.. .... .... 17 species. 

Of these 3 are not found in Minnesota. leaving 38 species in 3 genera. The other 24 

genera contain 40 species. Two of these (Schizambon and Rhynchonella) have not been 

found in the state. 

Lamellibranchs. 131 species, of which 18 are not found in Minnesota, 7 are in New 

York (and Penn.). and 5 in Canada. Nine species are common to Minnesota, New York 

and Canada. 

The large genera, ~. e., those containing 4 or more species, are the following: 

A ru bonychia .................. . 
Olionychia ................... .. 
Modiulopsis. .. ............. .. 
Orthodesrua.. .. .. .. .. .... .. .. . 
Endodesma .................. . 

4 species. 
5 species. 

11 species. 
4 species. 
5 species. 

Oyrtodonta ................... . 
Vanuxemia .................. . 
Whitella .................... .. 
Otenodonta ......... "" ...... .. 
Technophorus ................ . 

16 species. 
15 species. 
12 species. 
26 species. 
4 species. 

Of these 15 are not found in Minnesota, leaving 87 species of Minnesota lamellibranchs 

in 10 genera. The total number of genera is 27. The other 17 genera contain 29 species. 
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Gastropods. 287 species, contained in 45 genera, of which 149 species and 41 genera 

have been found in Minnesota. 30 of the Minnesota species occur in New York or 

Canada. The large genera, containing 4 or more species, are as follows: 

Arehinaeella .................. . 
Seen ella ...................... . 
Cyrtolites ..................... . 
Protowarthia ................. . 
Tetrauota .................... . 
Bucania ...................... . 
Salpingostoma ................ . 
Uonradella ................... . 
Bellerophon ................... . 
Carinaropsis. . . .. .. . . . .. . .... . 
Raphistomina ................ . 
Lophospira... . . . . .. . ......... . 

13 specIes. 
7 species. 
7 species. 
8 species. 
6 species. 

18 species. 
4 species. 

]0 species. 
II species. 
6 species. 
4 species. 

38 species. 

Liospira ..................... .. 
Eotomaria .................... . 
Hormotoma ................... . 
Helicotoma .................. . 
Maclurea .................... . 
Trochonema .................. . 
Eunema ...................... . 
Gyrouema ..................... . 
Cyclonema .................... . 
Holopea ....................... . 
Subulites .................... .. 
Fusispira ................... . 

13 species. 
6 species. 

10 species. 
10 species. 
7 species. 

13 species. 
6 species. 
4 species. 

1] species. 
11 species. 

9 species. 
10 species. 

Of the 242 species contained' in the above 24 large genera, 125 species and all the 

genera are represented in Minnesota. 45 species are contained in 22 smaller genera; of 

these 24 species and 17 genera are represented in Minnesota. 

Cephalopods. 49 species, all occurring in Minnesota. 15 of these have been found 

in New York or Canada. 38 species are contained in 5 large genera, and 11 in 8 smaller 

genera, making ]3 genera in all. The large genera, containing 4 or more species, are: 

Cameroeeras. . . . . . .. ...... 4 species. Cyrtoceras. . . . . . . . . . . . . . . . . . . . . 11 species. 
Triptoceras.. .... . .... . . . . . .... 5 species. Orthoceras .... . . . . . . .... ..... 12 species. 

Oncoceras... . .. . . . . . . . . .. . . .. .. 6 species. 

Ostracods. 67 species, of which 5 have not been found in Minnesota. Only one of 

these has been reported from New York and Oanada. The 8 large genera, having 4 or 

more species, are the following: 

Leperdi tell a ................. .. 
Schmid tella.. .. .. ... . ....... .. 
Aparchites .................. .. 
Primitiella ................... .. 

5 species. 
6 species. 
7 species. 
5 species. 

Primitia ..................... " 
Eurychilina ................... . 
Dicrauella .................... . 
Bythocypris ................... . 

9 species. 
5 species. 
4 species. 
4 species. 

Of these genera two have not their full complement in Minnesota (Leperdiiella, and 

Bythocypris, each 3 in Minn.), leaving 42 species in the state contained in 8 genera, and 

36 species contained in 6 large genera. The total genera of ostracods are 22. The other 

14 genera contain 22 species. 

Trilobites. 40 species, of which 8 have not yet been found in Minnesota. Of the 32 

species, 17 have been found in New York and 7 have been reported from Canada. There 

are 20 species of trilobites which are common to Minnesota, New York and Canada. 

Only two genera contain as many as 4 species, viz.: Isotelus, 4, and Pierygomefopus, 4; 

but one species of the latter is absent from Minnesota. The total number of genera is 24, 

but three of these have not been found in Minnesota. 

In the descriptive portions of the volume, excepting the last chapter (Gastropoda), 

temporary stratigraphic designations are generally employed in assigning the fossils to 

their respective geologic horizons. Thus the limestones of the Stones River group are in 
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most cases not distinguished, the species of the Bluff limestone and of the Vanuxemia 

bed beinD' as a rule referred to the Trenton limestone or, more exactly, to the" lower 
b 

limestone of the Trenton formation." As we have said in discilssing these beds on page 

xcii, their faunas are not greatly different. Still as the fossils from each are readily 

recognized in Minnesota by their modes of preservation,-those of the lower bed retain 

their shells while those of the Vanuxemia bed as a rule are casts merely-we have care

fully separated the species which, so far, appear to be characteristic of each. 

The greenish shales lying between the Vanuxemia bed and the yellowish or grayish 

shales of the Clitambonites bed were divided into three unequal parts or thirds, "lower, 

middle and upper thirds of the Trenton shales," corresponding in a general way with the 

Stictoporella, Rhinidictya and Phylloporina beds. The Ctenodonta bed is occasionally 

referred to as the "upper part of the middle third of the Trenton shales," while the Fucoid 

bed is sometimes called the ., Orthis pectinella horizon." 

The" Prasopora insularis horizon" is the same as the Clitambonites bed, and it is this 

bed that is usually meant when the text refers a fossil to the" Galena shales," though 

that term frequently also 'includes more or less of the Fusispira bed. As a rule, however, 

the shales of the latter bed are distinguished as the" upper part of the Galena shales." 

On the other hand, limestone deposits of the Fusispira bed in Fillmore county, the equiva

lents, of which in Goodhue county are referred to as Galena shales, are included with the 

rest of the Fusispira bed in the term" middle Galena." In accordance with the sense of 

the last term, the Galena or Trenton group was divided into three lithologic divisions, the 

Galena shales, the middle Galena, a portion consisting principally of pure limestone, and 

the upper Galena or Maclurea bed, a magnesian limestone. 

The Maclurea bed alone maintains the typical dolomitic character of the Galena, but 

it diminishes in thickness from south to north, and may not have extended beyond 

Goodhue county. The lithologic changes in the strata have caused a slight overlapping 

in the designations of the special horizons. Thus the ., Middle Galena," in speaking of 

localities in Goodhue county, refers to the solid upper part of the Fusispira bed, while it 

refers to the whole of the bed when Fillmore county localities are mentioned. 

It is to be remembered that the Galena shale is merely a lithologic phase moving 

northward from county to county, and that it does not represent accurately any time 

interval in the Trenton at large. If studied only in the region between Cannon Falls and 

Berne the upper part of the shales would probably be separated as a distinct bed, as 

indeed was done by Sardeson who called it "Oamarella bed." But as this merges 

gradually into the rest of the Fusispira bed, both lithologically and faunally, there is very 

little reason, if any, for the sub-division. 

Occasionally reference is made in the volume to the .Anastrophia bed, and the Upper 

Clitambonite.s horizon. These refer to shales in Goodhue county immediately over the 

Nematopora bed. It is the same horizon as the Platystropltia beds in Fillmore county, as 

that term is used in the 19th annual report. 
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middle and upper thirds of the Trenton shales," corresponding in a general way with the 

Stictoporella, Rhinidictya and Phylloporina beds. The Ctenodonta bed is occasionally 

referred to as the" upper part of the middle third of the Trenton shales," while the Fucoid 

bed is sometimes called the .• Orthis pectinella horizon." 

The" Prasopora insularis horizon ,. is the same as the Clitambonites bed, and it is this 

bed that is usually meant when the text refers a fossil to the" Galena shales," though 

that term frequently also includes more or less of the Fusispira bed. As a rule, however, 

the shales of the latter bed are distinguished as the" upper part of the Galena shales." 
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the upper Galena or Maclurea bed, a magnesian limestone. 
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interval in the Trenton at large. If studied only in the region between Cannon Falls and 
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indeed was done by Sardeson who called it "Camarella bed." But as this merges 

gradually into the rest of the Fusispira bed, both lithologically and faunally, there is very 

little reason, if any, for the sub-division. 
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Olitambonite8 hOTizon. These refer to shales in Goodhue county immediately over the 

N ematopora bed. It is the same horizon as the PlatystTopliia beds in Fillmore county, as 

that term is used in the 19th annual report. 
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In general, taking the whole area in which these Trenton formations are found in 

Minnesota, there may be said to be three grand lithologic features alternating, from 

below upward, as follows: Limestone, shale, limestone. Hitherto it has been customary 

to place in the Galena the upper limestone and in the Trenton the lower limestone, leaving 

the intervening shales in an unascertained relation. It is, however, now clear that the 

Galena alone is strictly equivalent to the 'l'renton limestone of New Yurk, while the green 

shales beneath the Clitambonites bed and the limestone beneath these are to be correlated 

respectively with the Black River and Stones River or Birdseye limestones. The lower 

limestone, therefore, should no longer be spoken of as the Trenton limestone except in a 

broad sense, while the name Galena, if retained at all in this connection, should henceforth 

be used only as expressing a lithologic phase of the Trenton group and not as a distinct 

geologic horizon. 

That the Galena is simply a lithologic phase, the prevalence of which was known to 

become reduced in passing from Iowa northward into Minnesota, was recognized in some 

of the earlier reports of the survey. It fades out gradually, and shales and shaly lime

stone take its place. There seems to be no other horizontal lithologic change than that 

which can be attributed to varying conditions of the same oceanic expanse dependent on 

nearness or remoteneSR from the ancient shore line. The present surface strike of these 

formations in southern Minnesota is northerly, and in Lower Silurian time, as well as now, 

that must have been toward the ancient land area of the region. Nothing, therefore, could 

have been more natural than that the limestone phase should be replaced, at the same 

horizon, passing northward, by a lithologic phase embracing more and more of shale. 

The Black River formation is affected in the same way. Shale beds occupy the strati

graphic position of limestones in Iowa and Wisconsin. So far, then, as the nature of the 

sediments may affect the distribution of the oceanic life of the Lower Silurian in the upper 

Mississippi valley, deep sea species would be crowded out more and more on approaching 

the latitude of the falls of St. Anthony. Such vertical oscillations as may have taken 

place in the bed of the ocean apparently were felt uniformily over the whole region, and 

they may be supposed to have been the prime cause of the grand vertical changes in the 

nature of the rock. These two components in the cause of faunal variation in the Lower 

Silurian rocks must both be admitted to have had their legitimate effects, but they 

operated differently. Whi.le a natural vertical succession of forms would be brought 

about by the action of one, in any certain locality, by the action of the other a lateral 

variation was caused. This lateral variation introduces such irregularity that it is plainly 

impossible to construct a stratigraphical scheme for the whole area, and consequently, it is 

difficult to assign all of the species uniformly to definite stratigraphic limits. This is true 

of those species that are easily affected by changed environment, and to a certain extent 

it is necessarily true of all the species concerned. 

Two ·formations of the Hudson River period are recognized in southern Minnesota, 

namely, the Utica and Richmond groups. As a rule the two divisions are not distinguished 
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in giving the" formation and locality" of the species found in them, but the fossils are 

mostly referred simply to the Hudson River formation. 

Now, whatever stratigraphical terms are employed in our provisional efforts to fix the 

horizons of the fossils here described, it is to be understood that the position and range 

assigned to each in the following list is in accordance with our latest and best information. 

Continued investigations in the field and laboratory have enabled us to correct some errors 

and given us more definite knowledge concerning the geologic and geographic distribution 

of the species. We do not, of course, wish to intimate that the list is. in any wise 

permanent or reliable in all parts, yet we are confident that the changes: which may be 

necessitated by future discoveries will not materially affect the conclusions which we have 

drawn from the facts brought out by the tables. Now and then the vertical range of a 

species may be extended, but such defections will be more than equalized by the new 

discoveries that are continually rewarding the efforts of the collector. 

The geologic position and range of each spEcies found in Minnesota is indicated by 

the letter x in one or more columns. Species occurring in the upper Mississippi province, 

but not yet discovered within the limits of the state of Minnesota, are distinguished in the 

columns by a dagger (t) instead of by the letter x. The number of these might have been 

largely increased but it was thought sufficient for our purpose to include only those which 

we may reasonably expect to find in the state. 

In the column devoted to the Fusispira and Nematopora beds, those species which are 

restricted to the latter division are indicated by the letter n instead of by the letter x. The 

letter f in the Phylloporina and Fucoid beds' column distinguishes the few forms that 

are particularly characteristic of the Fucoid bed. 

Finally, in the columns showing occurrence of species in other regions, the following 

abbreviations are used: Cincinnati region, R for Richmond group, L for Lorraine group, 

U for Utica group, T for Trenton group, B for Black River group, and S for Stones River 

group; Central Tennessee, '1' for Trenton group (Nashville group of Safford), B for Black 

River group (Carter's Creek limestone), :::; for Stones River group (Glade, Ridley, Pierce 

and Central limestones of Safford); New York and Canada, H for Hudson River group, U 

for Utica group, T for Trenton group, Band S for Black River and Stones River or 

Birdseye limestone, and C for Chazy group. In Canada the Black River and Birdseye 

are not separated, hence, in this column the letter B stands for either one or both. 
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I Nematopora delicatula Ulrich ........... 206 n N ematopora conferta Ulrich ............. 206 n Phylloporina sub~axa Ulrich ..... " ...... 209 x s R Phylloporina reticulata Hall ....... " .... 210 x x n '1' T '1' Phylloporina halli Ulrich ................ 211 x Phylloporina corticosa Ulrich ............ 212 x Monticulipora wetherbyi Ulrich ......... 218 x 
R Monticulipora incompta, n. sp ........... 219 x Monticulipura grandis Ulrich .... " ...... 219 x x Monticulipora arborea, n. sp ............. 220 x 'J 
T Monticulipura cannonensis, n. sp ....... 221 x Atactoporella typica!is var. pr::ecipta,n. var 223 x A tactoporella insueta, n. sp .............. 224 x Atactoporella crassa, n. sp ............... 225 x A tactoporella ramosa. n. sp .............. 2211 x Homotrypella instabilis Ulrich .......... 229 x 

IIomotrypella multiporata, n. sp ......... 230 x Homotrypella subgracilis, n. sp .......... 230 x Homotrypella ovata, n. bp ............... 231 x x Homotrypella mundula. n. sp ............ 232 x ? Homotrypella gracilis Nicholson ........ 
x L R Homotrypella rustica. n. sp .............. 234 :, It Homotrypa minnesotensis Ulrich ........ 235 x x Homotrypa exilis Ulrich ................. 236 x 

Homotrypa separata, n. sp ............... 237 x B Homotrypa intercalaris, n. sp ............ 238 x 

I Homotrypa subramosa Ulrich ............ 23!J x x Homotrypa " var. insignis Ulrich. 240 x Homotrypa tuberculata, n. sp ............ 240 x Homotrypa similis Foord ............... 242 .. x n . 
'1' 
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Trigonodictya conciliatrix Ulrich ........ 160 x 
Escharopora angularis, n. sp ............. 168 x x x S s 
Escharopora subrecta lTlrich ............. 16E 0 XI Escharopora recta? Hall. ....... , ...... , x n T T 
Escharopora confluens, n. sp ............. 171 xl s 
Escharopora (?) limitaris, n. sp .......... 172 x x 
Phrenopora incipiens, n. sp .............. 174 x T T 
Pha'mopora wilmingtonensis, n. sp ....... 175 t Arthrupora simplex Ulrich ............... 177 x x 
Arthropora bifurca ta, n. sp .............. 178 x x T 
Arthropora reversa, n. sp ............... 178 x 
Stictoporella rigida Ulrich ............... 180 x I 
Stictoporella dumosa, n. sp .............. 181 x 
Stictoporella angularis Ulrich .......... 182 x 
Stictoporella " var. intermedia, n. var. 183 x 
Stictopo rella frondifera Ulrich ........... 183 x 

I 
Stictoporella cribrosa Ulrich ............. 184 x x Arthrostylus conjunctus Ulrich .......... 188 I x ? T Arthrostylus obJiquus Ulrich ............ 188 x 
Helopora divaricata Ulrich .............. 191 x 
Helopora al terna ta Ulrich ............... 192 x 
Helopora mucronata Ulrich .............. 193 x 11 Helopora Cjuadrata, n. sp .... .......... 193 I n Helopora elegans, n. sp .................. 194 t It Helopora harrisi James .................. 195 t It Helopora sp. undet ...................... 190 n Arthroclema striatum, n. sp ............. 198 x 
Arthroclema cornutum Ulrich ........... 200 x Arthroclema armatum lTlrich ............ 201 n Arthroclerna pulchellurn Billings ........ x X T Arthroclema sp. undet (1) .......•........ 203 x Nematopora ovalis Ulrich ................ 204 n N ernatopora granosa Ulrich .............. 205 I n 

I Nematopora delicatllla Ulrich ........... 206 I n N ematopora conferta Ulrich ............. 206 n Phyllopurina sllb'axa Ulrich ............. 209 x s s Phylloporina reticulata Hall ............. 210 x x n '1' T T Phylloporina halli Ulrich ................ 211 x Phylloporina corticosa Ulrich ............ 212 x Monticulipora wetherbyi Ulrich ......... 218 x s Monticlllipora incornpta, n. sp ........... 219 x 
Monticulipora grand is Ulrich ............ 219 x x Monticlllipora arborea, o. sp ............. 220 x .j 

T Mooticlllipora cannonensis, n. sp ....... 221 x A tactoporella typicalis var.prmcipta,n.var 223 x 
A tactoporella inslleta, n. sp .............. 224 x 
Atactoporella crassa, n. sp ..... " ..... '" 225 x A tactoporella ramosa, n. sp .............. 22,; x Homotrypella instabilis Ulrich .......... 229 x 
IIomotrypella mul tiporata, n. sp .... , ... , 230 x 
Homotrypella subgracilis, n. sp .......... 230 x 
Homotrypella ovata, D. bp ............... 231 x x Hornotrypella munclula, n. sp ............ 232 x ? Homotrypella graCilis Nicholson ........ 

x L n Homotrypella rustica, n. sp ............. 234 x It Homot.rypa minnesoteosis Ulrich ........ 235 x x Homotrypa exilis Ulrich ................. 236 x 
Homotrypa separata, n. sp ............... 237 x s Romotrypa intercalari~, n. sp ............ 238 x 

I Homutrypa 8ubramosa Ulrich ............ 239 x 
I x Homotrypa " vaT. insignis Ulrich. 240 
I 

x Homotrypa tuberculata, n. sp ............ 240 x Homutrypa similis Foorcl ............... 242 :-
I 

x n 
'l' 



CORRELATION OF STRATA. 

BRYO~OA. 

Trenton po,·iod. 

Black 
niver' 

Group. 

rrl'enton 
Group. 

------------------- ---- -- ----
Horuotrypa callosa, n. sp.. . . . . . . . . . . . . . .. 243 
Prasopora simulatrix Ulrich ........... _. 245 
Prasopora crmtigua Ulrich .............. , 249 
Prasopora conoidea Ulrich. .... .. .... .... 249 
Prasopora selwyni Nicholson ............ , 250 
Prasopora insularis, n. sp. . . . . . . . . . . . . . . 251 
Prasopora affinis Foord.... . . . . . . . . .. . . 253 
Prasopora oculata Foord. " .. .. . . . . .... .. 252 
Prasopora len ticularis, n. sp. . . . . .. .. . . .. 253 
Aspidopora parasitica Ulrich...... .... .. 255 
Aspidopora elegantula, n. sp.... .. ....... 256 
Mesotrypa infida Ulrich.. ............... 258 
Mesotrypa (?) spinosa, n. sp. . . . . . . . . . . . .. 259 
Mesotrypa quebecensis Ami.. . . . . . . . . . . . 259 
Mesotrypa discoidea, n. sp. .... . . .... .. .. 260 
Mesotrypa (?) rotunda, n. Kp......... . . . 262 
Bythopora herricki Ulrich ... " . . . . . . . . .. 263 
Bythopora alcicornis, n. sp .............. _ 264 
Eridotrypa mutabilis, n. sp _... .... .. .. .. 265 
Eridotrypa mutabilis val'. minor. n. var. 266 
Eridotrypa exigua, n. sp ......... .' . . . . . . .. 266 
Heterotrypa prolifica Ulrich .... " ... , ... 268 
Heterotrypa singularis Ulrich ........... 268 
Dekayella pr:-elluntia, n. sp .... " ....... , 270 
Dekayella " var. simplex, D. var. .. 271 
Dekayella " var. mBvigera, n. var .. 271 
Dekayella " var. echinata, n. val'. _ 271 
Dekayella " val'. multipora, n. vaT 272 
Dekayia trentonensis Ulrich ............ _ 274 
Callopora angularis, n. sp.... .. . . . . .... .. 277 
Callopont incontroversa Ulrich .......... _ 278 
Callopora undulata Ulrich. _., ......... _ 279 
Callopora multitabulata Ulrich .. " . . . ... 280 
Callopora ampla, n. sp ................... 281 
Callopora goodhuensis, n. sp. .... . .. . ... 282 
Callopora dumalis, n. sp .......... _ . . . .... 282 
CalloDora pulchella, n. sp ............... _ 283 
Callopora pulchella var. persi milis, n. val 284 
Callopora crenulata, n. sp. _ .. . . . . .... .... 284 
Diplotrypa limitaris, n. sp. .... ...... .... 286 
Diplotrypa neglecta, n. sp.. . . .. . . .... ... 287 
Batostoma fertile Ulrich.... .... .. .. .... 290 
Batostoma magnopora, n. sp ......... _ . 291 
Batostoma varium, n_ sp. _'" " .... .... .. 292 
Batostoma montuosuTD, n. sp..... .. .... .. 293 
Batostoma humile, n. sp............. ... 294 
Batostoma winchelli Ulrich.,.... .... .. .. 295 
Batostoma minnesotense, n. sp.... . . .. . 297 
Batostoma (?) decipiens, .n. sp.. .... .. .... 298 
Hemiphragma irrasum Ulrich .......... 299 
Hemiphragma ottawense Foord.. .... .... 300 
Hemiphragma tenuimurale, n. sp ....... _ 301 
Hemiphragma imperfectum Ulrich ..... . 
Stromatotrypa ovata, n. sp.... . .... ...... 302 
Monotrypa magna. n. sp. .... .... . . .. .... 304 x t 
Monotrypa intatulata, n. sp. ........... 305 
Monotrypa nodosa, n. sp ................ 306 
Monotrypa cumulata, n. sp ............. 307 
Trematopora (?) primigenia Ulrich...... :109 
Trematopora (?) "val'. ornata Ulrich 310 
Trematopora (?) "var. spinosa,o. val' 310 
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Homotrypa callosa, n. sp ................ . 
Prasopora simulatrix Ulrich ........... ,. 
Prasopora cnntigua Ulrich .............. . 
l'rasopora conoidea Ulrich .............. . 
Prasopora selwyni Nicholson ............ , 
Prasopora insularis. n. sp .............. . 
Prasopora affinis Foord ............... . 
Prasopora oculata Foord ................ . 
Prasopora len ticularis, n. sp ............ . 
Aspidopora parasi tica Ulrich ........... . 
Aspidopora elegantula, n. sp ............ . 
Mesotrypa infida Ulrich ................ . 
Mesotrypa (?) spinosa, n. sp ............. . 
Mesotrypa quebecensis Ami ............ . 
Mesotrypa discoidea, n. sp .............. . 
Mesotrypa (?) rotunda, n. Kp ........... . 
Bythopora herricki Ulrich .............. . 
Bythopora alcicornis, n. sp ..... " ....... ' 
Eridotrypa mutabilis. n. sp, ............ . 
Eridotrypa mutabilis val'. minor. n. var. 
Eridotrypa exigua. n. sp ......... .- ....... . 
Heterotl'ypa prolifica Ulrich .... " ... , .. . 
Heterotrypa singularis Ulrich .......... . 
Dekayella pnenuntia, n. sp ............. . 
Dekayella " var. simplex, D. val' .. . 
Dekayella " var. mevigera, n. var .. 
Dekayella " val'. ecbinata, n. val' .. 
Dekayella " var. multipora, n. var 
Dekayia trentonensis Ulrich ............ . 
Callopora angularis, n. sp ............... . 
Callopora incon t,roversa Ulrich .......... ' 
Callopora undulata Ulrich ............. . 
CaJlopora multitabulata Ulrich ......... . 
Callopora ampJa, n. sp .................. . 
Callopora goodhuensis, n. sp ........... . 
Callopora dumalis. n. sp ................. . 
CalloDora pulchella, n. s p ............... . 
Callopora pulchella var. pflrsimilis, n. val 
Oallopora crenulata, n. sp., ............. , 
Diplotrypa limitaris, n. sp .............. . 
Diplotrypa neglecta. n. sp .............. . 
Batostoma fertile Ulrich ............... . 
Batostoma magnopora, n. sp .......... . 
Batostoma varium, n. sp., ....... , ...... . 
Batostoma montuosuTlJ, n. sp ............ . 
Batostoma humile. n. sp ............... . 
Batostoma winchelli Ulrich ............. . 
Batostoma minnesotense, n. sp .... , ... . 
Batostoma (?) decipiens, n. sp ........... . 
Hemiphragma irrasum Ulrich. ' ....... . 
Hemiphragma ottawense Foord ......... . 
Hemiphragma tenuimurale. n. sp ...... .. 
Hemiphragma imperfectum Ulrich ..... . 
Stromatotrypa ovata, n. sp ..... '" ' . ' .. . 
Monotrypa magna. n. sp ................ . 
Monotrypa intabulata, n. sp ........... . 
Monotrypa nodosa, n. sp .............. .. 
Monotrypa cumulata, n. sp ............. . 
Trematopora (?) primigenia TJlrich ..... . 
Trematopora (?) "val'. ornata Ulrich 
Trematopora (?) "var. spinosa,n. var 
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Constellaria varia, n. sp .... , ............ 3ll n 
Stellipora antheloidea Hall .............. x 
Nicholsonella laminata, n sp ............ 315 x 
Nicholsonella ponderosa (?) Ulrich ....... 316 x x 
Leptotrypa hexagonalis Ulrich ........... 317 x x 
Leptotrypa lnformis, n. sp .............. , 317 x ? 
Leptotrypa cIa viformis, n. sp ............ 319 x x x 
Leptotrypa acervulosa, n. sp ............. 318 x T 
Spatiopora labeculosa, n. sp ............. 320 x 
Spatiopora iowensis, n. sp ............... 321 x 
Crepipora sub::equata, n. sp .............. 322 x 
Crepipora perampla. n. sp .............. 323 ?x 
Bythotrypa laxata Ulrich ................ 325 x x x x 
Anolotichia impolita Ulrich .............. 327 x s 
Ceramoporella distincta Ulrich .......... 328 

, 
TULR x 

Ceramoporella inclusa. n. sp .............. 329 x x x 
Ceramoporella interporosa Ulrich ...... " 330 X TUL 
Diamesopora trentonensis. n. sp .......... 330 x n T T 
Ceramophylla frondosa, n. sp ............ 331 x 

BRACHIOPODA. 
Lingula elderi Whitfield ................. 339 x x ? 
Lingula eva Billings ..................... 341 x B 
Lingula philomela Billings ............. 342 x T 
Lingula riciniformis Hall ................ 343 x T T 
Lingula " var. galenensis W. & S 344 x 
Lingula modesta Ulrich ..... ............. 344 X TUL 
Lingula clathrata, n. sp ................. 345 x 
Lingula coburgensis ? Billings ....... " 346 x T 
Lingula iowensis Owen .................. 349 ? x 
Lingula beltrami, n. sp ................. 35] x 
Lingula n. sp. (? canadensis Billings) ... 352 x 
L. ((}lossina) deflecta W. & S ............. 348 x x 
L. (Glossina) hurlbuti N. H. WinchelL .. 347 x 
Lingulasma schuchf\rti Ulrich ........... 353 x x 
Lingulasma galenensis W. & S ........... 354 x ? 
Dinobolus (?) parvus Whitfield ........... 356 x 
Siphonotreta (?) minnesotensis Hall .... 358 x 
Leptobolus occidentalis HalL ............ 360 x U 
Orbiculoidea lamellosa ? Hall.. .......... 358 x T T 
Schizotreta pelopia Billings .............. 365 x x T T 
Schizotreta minutula, n. sp .............. 366 x 
Trematis huronensis? Billings .. ........ , 368 x Ix x BT 
Trematis ottawensis Billings ....... 369 x T T 
Schizocrania filosa Hall.. ................ 370 x ? TUL TU TU 
Crania setigera Hall ..................... 372 x x x x x 
Crania granulosa N. H. Winchell ........ 373 x 
Crania trentonensis Hall. ................ 374 x T 
Craniella (?) ulrichi HalL ................ 375 

I 

x x 
Pbolidops trentonensis var. minor, n. var. 376 x x T 
CHtambonites diversus Shaler ........... 379 x x T H Ant Clitambonites " var. altissimus, n. var. 31:H x 
Scenidium anthonensis Sardeson ......... 381 x x s Parastrophia hemiplicata HalL .... " .... 382 x T T Parastrophia " var. rotunda, n. var. 383 x 
Parastrophia scofieldi, n. sp .............. 383 x 
Strophomena incurvata Shepard ......... 385 x x x x x x ? 813T S T B'l' Stropbomena neglecta James ............ 31:l8 t R 
Strophomena "var. acuta, n. var ...... 388 x 
Strophomena trentonensis, n. sp ......... 389 x x T '1' '1' '1' Strophomena septata, n. sp .............. 390 x 
Strophomena rugosa Elainville ........... 390 x l{ H H Strophomena" var. subtenta Hall.. 393 j( R Strophomena rlanodorsata W. & S ....... 393 x 
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Constellaria varia, n. sp .... , ............ 3ll n 
Stellipora antheloidea Hall .............. x 
Nicholsonella laminata, n sp ............ 315 x 
Nicholsonella ponderosa (?) Ulrich ....... 316 x x 
Leptotrypa hexagonalis Ulrich ........... 317 x x 
Leptotrypa Inform is, n. sp ............... 317 x ? 
Leptotrypa claviformis, n. sp ............ 319 x x x 
Leptotrypa acervulosa, n. sp ............. 318 x T 
Spatiopora labeculosa, n. sp ............. 320 x 
Spatiopora iowensis, n. sp ............... 321 x 
Crepipora subffiquata, n. sp .............. 322 x 
Crepipora perampla, n. sp .............. 323 ?x 
Bythotrypa laxata Ulrich ................ 325 x x x x 
Anolotichia impoli ta Ulrich .............. 32i x s 
Ceramoporella distincta Ulrich .......... 328 

, 
TULR x 

Ceramoporella inclusa, n. sp .............. 329 x x x 
Ceramoporella interporosa Ulrich ...... " 330 x T U L 
Diamesopora trentonensis, n. sp .......... 330 x n T T 
Ceramophylla frondosa, n. sp ............ 331 x 

BRACHIOPODA. 

Li ngula elderi Whitfield ................. 339 x x ? 
Lingula eva Billings ..................... 34] x B 
Lingula philomela Billings ............. 342 x 'I' 
Lingula rici niformis Hall ................ 343 x T T 
Lingula " var. galenensis W. & S 344 x 
Lingula modesta Ulrich ..... ............. 344 x T U L 
Lingula clathrata, n. sp ................. 345 x 
Lingula co burgensis ? Billings. . . . . .. " 346 x T 
Lingula iowensis Owen .................. 349 ? x 
Lingula beltrami, n. sp ................. 351 x 
Lingula n. sp. (? canadensis Billings) ... 352 x 
L. (rtlossina) deflecta W. & S ............. 348 x x 
L. (Glossina) hurlbuti N. H. WinchelL .. 347 x 
Lingulasma schucherti Ulrich ........... 353 x x 
Lingulasma galenensis W. & S ........... 354 x ? 
Dinobolus (?) parvus Whitfield .. _ ........ 356 x 
Siphonotreta (?) minnesotensls Hall .... 358 x 
Leptobolus occidentalis HalL ............ 360 x U 
Orbiculoidea lamellosa ? Hall.. .......... 358 x T T 
Schizotreta pelopia Billings .............. 365 x x T T 
Schizotreta minutula, n. sp .............. 366 x 
Trematis huronensis? Billings .. ......... 368 x Ix x BT 
Trematis ottawensis Billings ....... 369 x '1' T 
Schizocrania filosa Hall.. ................ 370 x ? TUL TU TU 
Cran ia setigera Hall. - ................... 372 x x x x x 
Crania granulosa N. H. Winchell ........ 37.3 x 
Crania trentonensis Hall. ................ .174 x T 
Craniella (?) ulrichi HalL ................ 375 

I 

x x 
Pholidops trentonensis var. minor, n. var. 376 x x T 
Clitambonites diversus Shaler .... _ ...... 379 x x T H Ant 
Clitambonites " var. altissimus, n. var. 3~] x 
Scenidium anthonensis Sardeson ......... 38] x x s Parastrophia hemiplicata HalL .......... 382 x T T Parastrophia " var. rotunda, n. var. 383 x 
Parastrophia scofieldi, n. sp .............. 383 x 
Strophomena incurvata Shepard ......... 385 x x x x x x ? SBT S T BT Strophomena neglecta James ............ 31:l8 t R 
Strophomena "var. acuta, n. var ...... 388 x 
Strophomena trentonensis, n. sp ......... 389 x x '1' T T T Strophomena septata, n. sp ............. 390 x 
Strophomena rugosa Blainville ........... 390 x l{ H H Strophomena ,I var. subtenta Hall.. 393 j{ R Strophomena rlanodorsata W. & S ....... 393 x 

I 
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Strophomena winchelli Hall ............. 394 t t B ?T 
Strophomena trilobata Owen ............ 395 x 
Strophomena fiuctuosa Billings .......... 390 ? x Tn 
~trophomena billingsi, n. sp ............. 397 x T 
Struphomena scofieldi W. & S ............ 393 x 
Strophomena emaciata W. & S ......... 399 x 
Rafinesquina minnesotensis N. H. Winch. 40] x x f; ;;: E 
Rafinesquina "var. inquassa Sardeson. 403 x x 
Rafinesquina deltoidea Oonrad ........... 403 ? x '1' T 
Rafinesquina alternata Oonrad ........... 405 x x x t ETULR Tn TH ch to H 
Rafinesquina "var. loxorhytis ? Meek. 407 x LR 
Triplecia ulrichi, n. sp .................. 409 x 
Leptama charlottal W. & S .............. 410 x x 
Leptalna unicostata M. & W ............. 411 l' x 
Plectambonites sericea Sowerby ......... 414 x x x x x x x x x S to It s ton TUH E tOH 
Plectambonites pralcosis Sardes(')n sp .... x 
Plectambonites gibbosa W. & S ......... 416 x 
Orthis tricenaria Oonrad ................. 418 x x x x x x x x SET S B T ET 
O. (Dinorthis) defiecta Oonrad ........... 422 x x s S T BT 
O. (Dinorthis) pectinella Emmons ....... 424 f ET '1' TIT 
O. (Dinorthis) "var. sweeneyi N. H. W. 426 f I 
O. (Dinorthis) meedsi,W. & S ............ 427 x 
O. (Dinorthis) " var. german a W. & S. 428 n 
O. (Dinorthis) subquadrata Hall ......... 428 x TR TH 
O. (Dinorthis) proavita W. & S ........... 431 x 
O. (Hebertella) borealis Billings ......... 433 x T T ChT 
O. (Hebert,ella) bellarugosa Oonrad ....... 4:34 x x x x X E SE ET 
O. (Hebertella) insculpta HalL .......... 435 x R 
O. (Plectorthis) plicatella HalL .......... 436 x x TL '1' BT 
O. (Plectorthis) whitfieldi N. H. Winch .. 437 x 
O. (DalmanelJa) hamburgensis ? Walcott 440 x 
O. (Dalmanella) testudinaria Dalman .... 441 x x x x x BBR TH BtUH B to H 
O. (Dalmanella) tersa Sardeson .......... x 
O. (Dalmanella) submquata Oonrad ...... 446 x x x s S BT 
O. (Dalmanella) " var. conradi N. H. W. .JA9 x x 
O. (Dalmanella) " var. perveta Oonrad .. 450 x x x S S B 
O. (Dalmanella) "var. gibbosa Billings. 451 x BT 
O. (Dalmanella) "var. circularis N.H. W. 452 x B 
Platystrophia bii'orata Schlotlleim ....... 455 x x x T to R Tn Tn ch tu H 
Platystrophia crass a James .............. 458 x LR 
Rhynchotrema minnesotensis Sardeson .. x x x x 
Rhynchotrema ainsliei N. H. Winchell .. 459 x x 
Rhynchotrema inalqui val vis Uastelnau .. 459 x x x T T ET 
Rhynchotrema " var. laticostata W. & S. 461 x T T 
Rbynchotrema capax Oonrad ............. 463 ? x R n 
Rhynchonella I?) anticostiensis Billi ngs. 464 t H 
Rhynchonella (?) neenah Whitfield ....... 465 t 
Zygospira recurvirostra Hall. ............ 466 x x x x x x x S B T ST T ET 
Zygospira modesta Say .................. 467 x x ULR n un un 
Zygospira uphami W. & S ................ 468 x 
Zygospira (Hallina) nicolleti W. & S ..... 169 x x 
Oyclospira bisulcata Emmons ............ 470 x T T 

LAMELLIBRANcnIATA. 
Ambonychia planistriata Hall ........... 491 x ? 
Ambonychia bellistriata HalL ........... 492 x T T 
Ambonychia affinis, n. sp ............... 492 x 
Ambonychia amygdalina Hall. ........ " 493 x T T 
Olionychia lamellosa Hall. .............. 494 x s 
Olionychia nitida, n. sp .................. 495 x s 
Ollonychia erecta Hall ................... 496 x 
Olionychia rhomboidea Ulrich ............ 496 x 
Olionychia undata Emmons .............. 497 x T T 
ByssoDychia intermedia M. & W ......... 499 x ? T 
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Strophomena winchelli Hall ............. 394 t t B ?T 
Strophomena trilobata Owen ............ 395 x 
Strophomena fiuctuosa Billings .......... 390 ? x TIL 
Strophomena billingsi, n. sp ............. 397 x T 
Struphomena scofleldi W. & S ............ 39S x 
Strophomena emaciata W. & S ......... 399 x 
Rafinesquina minnesotensis N. H. Winch. 40] x x f; " B 
Raflnesquina "var. inquassa Sardeson. 403 x x 
Raflnesquina deltoidea Oonrad ..... " .... 403 ? x 'I' T 
Raflnesquina alternata Oonrad ........... 405 x x x t BTULR Tn TH ch to H 
Raflnesquina " var. loxorhytis ? Meek 407 x LR 
Triplecia ulrichi, n. sp .................. 409 x 
Leptama charlottal W. & S .............. 410 x x 
Leptalna unicostata M. & W ............. 411 l' x 
Plectambonites sericea Sowerby ......... 414 x x x x x x x x x s to It S to II TUH B tOH 
Plectaillbonites pralcosis Sardesem sp .... x 
Plectambonites gibbosa W. & S ......... 416 x 
Orthis tricenaria Oonrad ................. 418 x x x x x x x X SBT S B T BT 
O. (Dinorthis) defiecta Oonrad ........... 422 x x s S T BT 
O. (Dinorthis) pectin ella Emmons ....... 424 f BT T TIT 
O. (Dinorthis) "var. sweeneyi N. H. W. 426 f I 
O. (Dinorthis) meedsi,W. & S ............ 421 x 
O. (Dinorthis) " var. germana W. & S. 428 n 
O. (Dinorthis) subquadrata Hall ......... 428 X TR TH 
O. (Dinorthis) proavita W. & S ........... 431 x 
O. (Hebertella) borealis Billings ......... 433 x T T ch T 
O. (Hehert,ella) bellarugosa Oonrad ....... 4:34 x x x x X B SB BT 
O. (Hebertella) insculpta Hall. .......... 435 x R 
O. (Plectorthis) plicatella HalL .......... 436 x x TL T BT 
O. (Plectorthis) whitfleldi N. H. Winch .. 437 x 
O. (Oalmanella) hamburgensis ? Walcott 440 x 
O. (Dalmanella) testudinaria Dalman .... 441 x x x x X BBR TH BtuH B to H 
O. (Dalmanella) ter~a Sardeson .......... x 
O. (Dalmanella) suba>quata Oonrad ...... 446 x x x s S BT 
O. (Dalmanella) " var. conr<tdi N. H. W. ±49 x x 
O. (Dalmanella) " var. perveta Oonrad .. 450 x x x s S B 

O. (Dalmanella) " var. gibbosa Billings. 451 x BT 
O. (Dalmanella) " var. circularis N.H. W. 452 x B 
Platystrophia biforata Schlotqeim ....... 455 x x x T to R TH TH ch to II 
PIa tystrophia crass a James .............. 458 X LR 
Rhynchotrema minnesotensis Sardeson .. x x x x 
Rhynchotrema ainsliei N. H. Winchell .. 459 x x 
Rhynchotrema inalqui val vis Uastelnau .. 459 x x x T T BT 
Rhynchotrema .. var. laticostata W. &8. 461 x T T 
Rhynchotrema capax Oonrad ............. 463 ? x R II 

Rhynchonella I?) anticostiensis Billi ngs. 464 t H 

Rhynchonella (?) neenah Whitfield ....... 465 t 
Zygospira recurvirostra Hall. ............ 466 x x x x x x x S BT ST T BT 
Zygospira modesta Say .................. 467 x x ULR II UH UIT 
Zygospira uphami W. & S ................ 468 x 
Zygospira (Hallina) nicolleti W. & 8 ..... 169 x x 
Oyclospira bisulcata Emmons ............ 470 x T T 

LAMELLIBRANCHIATA. 
Ambonychia planistriata Hall ........... 491 x ? 
Ambonychia bellistriata Hall ............ 492 x T T 
Ambonychia affinis, n. sp ............... 492 x 
Ambonychia amygdalina Hall. .......... 493 x T T 
Olionychia lamellosa Hall. .............. 494 x s 
Olionychia nitida, n. sp .................. 495 x s 
Ollonychia erecta Hall ................... 496 x 
Olionychia rhomboidea Ulrich ............ 496 x 
Olionychia undata Emmons .............. 497 x T T 
Byssooychia intermedia M. & W ......... 499 x ? T 
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Byssonychia tenuistriata, n. sp ........... 500 :x R 
Modiolpsis simili s Ulrich ............... 504 :x 
Mediolopsi~ oweni, n. sp ................. 506 x 
Modiolopsis arguta, -:n. sp ................ 506 x x 
Modiolopsis nana, n. sp .................. 507 
Modiolopsis mytiloides Hall ............ 508 

x 

Modiolopsis chatfieldensi3, n. sp .......... 508 
x T BT 

Modiolopsis obsoleta, n. sp ............... 509 
x 
x 

Modiolopsis concava Ulrich ............ 509 . x 
I Modiolopsis concentrica H. & W ......... 510 ? R 

Modiolopsis excellens, n. sp .............. 511 
Eurymya plana Hall. .................... 512 

x 
x 

Whiteavesia modioliformi8 M. & W ...... 515 t t 
Whiteavesia subcarinata, n. sp ........... 516 x 
Orthodesma minnesotense Ulrich ........ 517 x x 
Orthodesma sch ucherti, n. sp ............ 5[8 x 
Orthodesma subnasutum M. & W ........ 518 ? t 
Orthodesma canaliculatulll. n. sP········ 520 
Modiolodon patulus, n. sp ................ 521 

x R 

Modiolodon patulus, var. undescribed .... 
X I T 

Modiolodon (?) gi bbus, n. sp ............. 522 
x 

Colpomya demissa, n. sp ................. 524 
x 

Aristerella nitidula, n. sp ................ 524 
x 
x 

Endodesma cuneatum, n. sp .... .... ..... 526 x 
Endodesma postlatum, n. sfJ· ............ 527 

I 
x 

Enelodesma orthonotnm M. & W ......... 527 t t 
Endodesma undosum, n. sp .............. 529 t 
Endodesma compressum. n. sp ........... 529 
Psiloconcha minnesotensis, n. sfJ ........ 531 

x 
x 

Prolobella striatula, n. ~p ................ 532 
Cyrtodonta huronensis Billings .......... 536 

x 
x x x X SHT 

(=0. sui)ovotct Ulrich.) 
B'1' 

Cyrtocionta janesvillensis, n. SfJ· ......... 537 t 
Cyrtodonta ampla, n. sfJ .. · .. · .. · .. · ...... 538 x 
Cyrtoelonta billingsi, n. 3p ............... 538 x t S 
Cyrtoelonta obliqua M. & W .............. 540 
Cyrtodonta affinis, n. sp .................. 540 

., 
Cyrtodonta affinis val'. fillmorensis, n. var. 540 

x 

Cyrtodonta parva, n. sp .................. 541 
x 

Cyrtoelonta rotulata, n. sp ............... 541 
x 

Cyrtodonta obesa, n. sp .................. 542 
? x H 
.) ? 

Cynoclonta gibbera, n. ep ................ 542 
H 

Cyrtodonta glabella Ulrich ............. 543 
x 

x x x x 
Cyrtoclonta persimilis. n. sp ............ 544 x x 
Cyrtodcmta oviform is Ulrich ............. 544 t 
Cyrtodonta cingulata Ulrich ............. 545 x x 
Cyrtoclonta tenells Ulrich ............... 546 
Cyrtoclonta grandis Ulrich ............... 547 

x 

Cyrtodonta granelis var. germana Ulrich. 547 
x x '1' 

Cyrtoelonta grandis var. luculenta Sarel .. 547 
x x '1' 

Vanuxemia dixonensis M. & W .......... 5fiO 
? x 

x 
Vanuxemia dixonensis var. inseeta, n. var 551 x 
Vanuxemia rotundata Hall. ............. 552 x 
Vanuxemia suberecta, n. sp ............. 553 t 
Vanuxemia rectirostris Hall. ............ t t 
Vanuxemia media, n. sp ................. 553 x 
Vanuxemia crassa. n. sp ................. 553 ? x 
Vanuxemia obtnsifron, Ulrich ........... 554 x 
Vanuxemia sardesoni Ulrich ............. 555 x 
Vannxemia um bonata, n. sp ............. 556 x 
Vanuxemia terminalis Ulrich ............ 556 x 

H 

Vanuxemia hayniana SatIord ............ 557 x 
Vanuxemia subrotuncla, n. sp ............ 559 T T 

I X 

I , 
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Byssonychia tenuistriata, n. sp ........... 500 :x R 
Modiolpsis simili s Ulrich ............... 504 x 
Mediolopsi~ oweni, n. sp ...... · .......... 506 x 
Modiolopsis arguta, -:n. sp ........... " ... 506 x x 
Modiolopsis nana, n. sp .................. 507 
Modiolopsis mytiloides Hall ............ 508 

x 

Modiolopsis chatfieldensis, n. sp .......... 508 
x T TIT 

Modiolopsis obsoleta, n. sp ............... 509 
x 
x 

Modiolopsis concava Ulrich ............ 509 . x 
I Modiolopsis concentrica H. & W ......... 510 ? R 

1I-1odiolopsis excellens, n. sp .............. 5\l 
Eurymya plana Hall. ................... 512 

x I 
x 

Whiteavesia modioliformil'l M. & W ...... 515 t t 
Whiteavesia subcarinata, n. sp ........... 516 x 
Orthodesma minnesotense Ulrich ........ 517 x x 
Orthodesma schucherti, n. sp ............ 5[8 x 
Orthodesma subnasutum M. & W ........ 518 ? t 
Orthodesma canaliculatulll, n. sp ........ 520 
Modiolodon patulus, n. sp .......... ·· .... 521 

x R 

Modiolodon patulus, var. undescribed .... 
x I T 

Modiolodon (?) gibbus, n. sp ....... 522 
x 

...... x 
Colpomya demissa, n. sp ................ 524 x 
Aristerella nitidula, n. sp ................ 524 x 
Endodesma cuneatum, n. sp .... .... ..... 526 x 
Endodesma postlatum, n. sp ............. 527 

I 
x 

Eoc1odesma ortbonotum M. & W ......... 527 t t 
Endodesma undosum, n. sp .............. 529 t 
Endodesma compressum. n. sp ........... 529 
Psiloconcba min nesotensis, n. sp ........ 531 

x 
x 

Prolobella striatula, n. ~p ................ 532 
Cyrtodonta buronensis Billings .......... 536 

x 
x x x x SBT 

(=0. s1(7)ov((ta Ulrich.) 
B'l' 

CyrtoDonta janes\'illen~is, n. sp .......... 537 t 
Cyrtodonta ampla, n. sp .................. 538 x 
Cyrtodonta billingsi, n. sp ............... 538 x t 
Cyrtodonta obliqua M . .% W ............. 540 

S 

Cyrtodonta affinis, n. sp .................. 540 t 
x 

Cyrtodonta affinis var. fillmorensis, n. var. 540 x 
Cyrtodonta parva, n. sp .................. 541 
Cyrtodonta rotulata, n. sp ............... 541 

x 
? x 

Cyrtodonta obesa, n. sp .................. 542 .) ? 
B 

Cynodonta gibbera, n. ep ................ 542 
B 

Cyrtodonta glabella Ulrich ............. 543 
x 

x x x x 
Cyrtodonta persimilis, n. sp .... 544 x x 
Cyrtodcmta oviformis Ulrich ............. 544 t 
Cyrtodonta cingulata Ulrich ............. 545 x x 
Cyrtodonta tenells Ulrich ............... 546 
Cyrtodonta grandis Ulrich .............. 547 

x 

Cyrtodonta grand is var. germana Ulrich. 547 
x x T 

Cyrtodonta grand is var. luculenta Sard .. 547 
x x T 

Vanuxemia dixonensis M. & W .... ...... 5fiO 
? x 

x 
Vanuxemia dixonensis var. inseeta, n. var 551 x 
Vanuxemia rotundata Hall. ............. 552 x 
Vanuxemia suberecta, n. sp ............. 553 t 
Vanuxemia rectirostris Hall. ............ t t 
Vanuxemia media, n. sp ................. 553 x 
Vanuxemia crassa, n. sp ................. 553 ? x 
Vanuxemia obtusifron~ Ulrich ........... 554 x 
Vanuxemia sardesoni Ulrich ............. 555 x 
Vanuxemia urn bonata, n. sp ............. 556 x 
Vanuxemia terminalis Ulrich ............ 556 x 

B 

Vanuxemia hayniana Safford ............ 557 x 
Vanuxemia subrotunda, n. sp ............ 559 T T 

I X 

I , 
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Vanuxemia abrupta, n. sp ............ " .. 560 X 
Vanuxemia niota Hall ................... 560 t t 
Vanuxemia wortheni, n. sp ............. 561 t ? 
Vanuxemia decipiens, n. sp .............. 562 x ? 
Matheria rugosa Ulrich .................. 563 x 
Whitella obliquata Ulrich ............... 565 x R 
Whitella quadrangularis Whitfield ....... 566 x R 
Whitella sterlingensis M. & W ........... 567 X ?R 
Whitella cumpressa Ulrich ............... 568 x x 
Whitella concentrica Ulrich ............. 569 x x 
Whitella rugatina, n. sp ................. 569 x x 
Whitella megambona Whitfield .......... 570 x 
WhiteUa scofieldi Ulrich..... .... . ...... 571 x 
Whitella truncata Ulrich ................ 572 x 
Whitella ;;ubcarinata, n. sp .............. 572 x 
Whitella ventricosa Hall ................. 573 ? T '1' 
Whitella prrecipta Ulrich ................ 574 x x 
Plethocardia umbonata Ulrich ........... 576 x B 
Plethocardia suberecta Ulrich ........... 577 x 
Ctenodonta nasuta Hall .................. 58! x t x SB T BT 
Ctenodonta nasuta var.robusta, n var ... 585 t ? B 
Otenodonta subnasuta, n. sp ............. 585 x T 
Ctenodonta oviformis, n. sp .............. 586 x 
Ctenodonta cuneiformis, n. sp ........... 587 x· 
Ctenodonta gibberula, Salter ............ 587 x t I s B 
Ctenodonta carinata, n. sp ............... 58!! x 
Ctenodonta planodorsata Ulrich ......... 589 ~I Ctp.nodonta longa, n. sp .................. 590 
Ctenodonta logaoi Salter....... ..... . ... 591 t 
Otenodonta nitida Ulrich .............. 592 x x 
Ctenodonta medialis, n. sp ..... " ........ 593 x ? 
Otep.odonta scofieldi, n. sp .............. 593 x ? 
Ctenodonta socialis, n. sp ................ 594 X S'l' 
Ctenodonta fecunda Hall.. . . .... . ...... 595 x 
Ctenodonta calvini, n. sp ................. 596 t 
Ctenodonta albertina, n. sp ...... '" ..... 598 '? R 
Ctenodoota filistriata, n. sp .............. 599 x U 
Ctenodonta simulatrix, n. sp ............ 600 , x 
Ctenodonta compressa Ulrich ........ ~ .. 600 ? x 
Ctenodonta astartiformis Salter ......... 601 x B B B 
Ctenodonta intermedia Ulrich ........... 601 x 
Ctenodonta alta Hall. ................... 602 x 
Utenodonta recurva Ulrich ............... 60:, x R 
Ctenodonta similis Ulrich ................ 60~ x R 
Ctenodonta obliqua Hall ................. 604 t ULR 
Ctenodonta hamburgensis Walcott ...... 605 x 
Clidophorus consuetus Ulrich ........... 606 x 
Clidophorus neglectus Hall .............. 607 t ?u 
Lyrodesma acuminatum, n. sp ........... 609 x 
Lyrudesma cannonense, n. sp ............. 610 x 
Lyrodesma major Ulrich ................. 6]] X LR 
Technophorus subacutus Ulrich ......... 614 ? x 
Technophorus extenuatus Ulrich ........ 614 x x 
Technopborus filistriat,us Ulrich.. . .. .. fil5 x 
Technophorus divaricatus Ulrich .. , . " .. 616 x 
Allodesma subellipticum Ulrich ......... 617 x 
Rhytimya sinuata, n. sp ................. 6]9 x 

JJ 
Cuneamya truncatula, n. sp .............. 622 x 
Cuneamya oblonga, n. sp .. 0 .............. 623 t 
Sphenolium parallelum, no sp ........ o ... 624 t t 
Sphenolium striatum, n. sp. 0.000000 •• 00. 624 x 
Saffordia ventralis, n. spo 0 0000000 0000 00. 626 x 
Saffordia sulcodorsata Ulrich ....... 00 ••• 626 x 
Saffordia modesta Ulrich ................ 627 ? x 
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Vanuxemia abrupta, n. sp ............... 560 x 
Vanuxemia niota Hall. .................. 560 t t 
Vanuxemia wortheni, n. sp ............ 561 t ? 
Vanuxemia decipiens, n. sp .............. 562 x 'J 

Matheria rugosa Ulrich .................. 563 x 
Whitella obliquata Ulrich ............... 565 x R 
Whitella quadrangularis Whitfield ....... 566 x R 
Whitella sterlingensis M. & W ........... 567 x ?R 
Whitella cumpressa Ulrich ............... 568 x x 
Whitella concentrica Ulrich ............. 569 x x 
Whitella rugatina, n. sp ................. 569 x x 
Whitella megambona Whitfield .......... 570 x 
Whitella scofiel<li Ulrich..... .... . ...... 571 x 
Whitella truncata Ulrich ................ 572 x 
Whitella subcarinata, n. sp ...... , ....... 572 x 
Whitella ventricosa HalL ................ 573 ? T T 
Whitella praocipta Ulrich ................ 574 x x 
Plethocardia umbonata Ulrich ........... 576 x Jl 
Plethocardia suberecta Ulrich ........... 577 x 
Ctenodonta nasuta Hall.. ................ 584 x t x SE T BT 
Ctenodonta nasuta var.robusta, n var ... 585 t ? II 
Ctenodonta subnasuta, n. sp ............. 585 x T 
Ctenodonta oviform is, n. sp ............. 586 x 
Ctenodonta cuneiformis, n. sp ........... 587 x 
Ctenodonta gibberula, Salter ............ 587 x t s B 
Ctenodonta carinata, n. sp ............... 588 x 
Ctenodonta planodorsata Ulrich ......... 589 x 
Ctp,nodonta longa, n. sp .................. 590 x 
Ctenodonta logaoi Salter ................ 591 t 
Ctenodonta nitida Ulrich .............. 592 x x 
Ctenodonta medialis, n. sp ............... 593 x ? 
Ctenodonta scofieldi, n. sp .............. 593 x ? 
Ctenodonta socialis, n. sp ................ 594 x ST 
Ctenodonta fecunda Hall. . . . .. .. . ...... 595 x 
Ctenodonta calvioi, n. sp ................. 596 t 
Ctenodonta albertina, n. sp ...... " ...... 598 ? R 
Ctenodon ta filistriata, n. sp .............. 599 x U 
Ctenodonta simulatrix, n. sp ............ 600 I x 
Ctenodonta compressa Ulrich ........... 600 ? x 
Ctenodonta astartiformis Salter. ........ 601 x n n B 
Ctenodonta intermedia Ulrich ........... 601 x 
Ctenodonta alta Hall. ................... 602 x 
Utenodonta recur va Ulrich ............... 60:, x H 
Ctenodonta similis Ulrich ................ 60~ x R 
Ctenodonta obJiqua Hall ................ 604 t ULH 
Ctenodonta ham burgensis Walcott ...... 605 x 
Clidophorus consuetus Ulrich ........... 606 x 
Clidophorus neglectus Hall .............. 607 t ?u 
Lyrodesma acuminatum, n. sp ........... 609 x 
Lyrudesma cannonense, n. sp ............. 610 x 
Lyrodesma major Ulrich ................. 6]] X LH 
Technophorus subacutus Ulrich ......... 614 ? x 
Technophorus extenuatus Ulrich ........ 614 x x 
Technophorus filistriat,us Ulrich ....... 615 x 
Technopborus divaricatus Ulrich ........ 616 x 
Allodesma subellipticum Ulrich ......... 617 x 
Rhytimya sinuata, n. sp ................. 619 x 

JJ 
Cuneamya truncatula, n. sp .............. 622 x 
Cuneamya oblonga, n. sp ................. 623 t 
Sphenolium parallelum, n. sp ............ 624 t t 
Sphenolium striatum, n. sp .............. 624 x 
Saffordia ventralis, n. sp ............•... 626 x 
Saffordia sulcodorsata Ulrich ............ 626 x 
Saffordia modesta Ulrich ................ 627 ? x 
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Tryblidium modestum, n. sp ............. 826 
Helcionopsis subcari nata, n. sp .......... 827 
Archinaceila powersi, n. sp .............. 829 
Archinacella depressa, n. sp .............. 830 
Archinacella perovalis Whitfield ......... 830 
Archinacella deleta Sardeson ............ 831 
Archinacella valida Sardeson .... '" ..... 832 
Archinacella semicarinata, n. sp ....... " 833 
Archinacella simulatrix, n. sp ........... 833 
Archinacella subrotunda, n. sp ........... 834 
Archinacella instabilis var. incurva, n. var 835 
Archinacella rotunda, n. sp .............. 835 Palmacmffia humilis, n. sP ............... 837 
Scenelia supt'rba Billings ................ 838 
Scenella magnifica, n. sp ................. 839 
Scenella beloitensis, n. sp ................ 839 
Scenella compressa, n. sp ................ 840 
Seenella affinis, n. sp ........... '" ....... 840 Scenella obtusa Sarcleson ................ 841 Seenella rac1ialis, n. sp ................... 841 
Stenotheea exserta Sardeson ........ 842 
Cyrtolites ornatus var. minor, n. var ..... 860 
Cyrtolites retrorsus var. fillmorensis, n. 

var ....... .......................... 862 
Cyrtolites cari natus S. A. Miller ......... 862 
Cyrtolites c1is.illnctus, n. sp .............. 864 
Cyrtolites c1ilatatus, n. sp ................ 865 Protowarthia rectangularis, n sp ........ 868 Protowarthia pervolllta, n. sp ............ 871 
Protowarthia eaneellata Hall. ........... 872 Protowarthia coneinna, n. sp ............ 874 Tetranota biclorsata Ball .. " ............ 877 Tetranota bic10rsata var. minor, n. var .. 878 Tetranota sexcarinata, n. sp ............. 878 Tetranota maera, n. sp ................. 879 Tetranota obsoleta, n. sp ................ 880 Tetranota wisconsinensis Whitfield ..... 881 Kokenia costalis, n. sp ................... 882 Bucania halli, n. sp ...................... 886 Rucania minnesotensiS, n. sp ............ 887 Bucania emmon:,:i, n. sp .................. 887 Bucania elliptica, n. sp ...... 888 Rucania sublata, n. sp ................... 888 Bw;ania lindsleyi SatIorrl ........ 889 Bucania, sp. undescribed ... . . . . . . . . . . . . . , 

Sa1ringostoma buclli Whittiel<.l .......... 900 Salpingostoma s('ulptilis, n. sp ........... 002 Salpingostoma imbricata, n. sp .......... \102 Conradella fimbriata. n. sp .............. 907 Conradella triangularis, n. sp ............ 908 Conradella oblirjlla, n. sp ... ............ 906 Conrac1ella dyeri Hall. ................... 909 Conradella clyeri, var. cellulosa, n. var ... 910 Oxydiscus su bacu tus. n. sp ........ ' ... " 91~ Bellerophon troosti Slfi'orrl ............. 915 Bellerophon platystoma M. & W ......... 918 Bellerophon similis, n. Bp .. " ... 919 Carinaropsis acuta. u. sp """"""'" 928 Carinaropsis minima, n. sp ....... , .. 929 Carinaropsis phalera Sardeson ..... "" 928 Pterotheca attenuata Hall. .............. 
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Scenella compre5sa, n. sp. , .... " ......... 840 
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Cyrtolites ornatus var. minor, n. var. .... 860 
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GASTROPODA. 

Pterotheca, sp. undetermined ............ 
Pterotheca. sp. undescribed .............. 
Hyolithes baconi Whitfield .......... 
Hyolithes, sp. undescribed ..... " ........ 
Hyolithes, sp. undescribed ..... " ........ 
Conularia quadrata Walcott ............. 
Conularia, sp. undescribed ..... " ........ 
Conularia trentonensis Hall.. ........... 
Raphistoma peracutum, n. sp ............ 
Raphistomina rugata, n. sp .............. 
Omospira alexandra Billings ............. 
Lophospira bicincta Hall.. .............. 
Lopho~pira obliqua, n. sp ................ 
Lophospira concinnula, n. sp ........... 
Lophospira fillmorensis, n. sp ........... 
Lophospira conradana, n. sp ............. 
Lophospira helicteres var. wisconsin· 

ensis, n. var ............................ 
Lophospira quadrisulcata, n. sp .......... 
Lophospira spironema, n. sp ............. 
Lophospira serrulata Salter .............. 
Lophospira perangulata HalL ............ 
Lophospira perangulata var. acuminata. 

n. var .................................. 
Lophospira elevata, n. sp ................ 
Lophospira peracuta, n. sp .............. 
Lophospira medialis, n. sp ............. " 
Luphospira perforata, n. sp ............. , 
Lophospira oweni, n. sp .................. 
Lophospira pulchella, n. sp .............. 
Lophospira sumnerensis Safford ......... 
Lophospira augustina Billings ........... 
Lophospira augustina var. min nesotensis, 

n. var ..................... ············· 
Lophm;pira (?) major Hall ................ 
Liospira micula HalL .................... 
Ltospira abrupta, n. sp ............. ' ..... 
Liospira americana Billings .............. 
Liospira vitruvia Billings ................ 
Liospira progne Billings. . .............. 
Liospira angastata, n. sp ................. 
Eotomaria dryope Billings ............... 
Eotomaria vicina. n. sp .......... " .... " 
Eotomaria supracingulata Billings ....... 
Clathrospira subconica Hall. ............ 
Clathrospira conica. n. sp. o ••••••••••••• 

Clathrospira convexa, n. sp ............. 
Plet,hospira semele Hall. ............... " 
Hormotoma gracilis Hall ................ 
Hormotoma gracilis var. angustata Hall. 
HormQtoma gracilis var.m ul ti vol vis, n. vaT 
Hormotoma subangulata, n. sp .......... 
Hormotoma salteri, n. sp ................. 
Hormotoma conferta, n. sp ............... 

ormotoma bellicincta Hall ............. 
ffilocaulus ffihlerti, n. 

H 
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sp ................ 
olenospira prisca (?) Billings .......... " 
olenospira pagoda Salter ............... 
philetina sublaxa, n. sp ................ 
philetina angularis, n. sp ............... 
ccyliopterus owen anus M. & W ......... 
ccyliopterus beloit'ensis, n. sp .......... 
elicotoma planulata var. robusta, n. var 
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GASTROPODA. 

Pterotheca, sp. undeterminecl ............ 
Pterotheca. sp. undescribed .............. 
Hyolithes baconi Whitfield. . . . . . . . . . . 
Hyolithes, sp. undescribed ..... " ........ 
Hyolithes, sp. undescribed ..... " ........ 
Conularia quadrata Walcott ............. 
Conularia, ep. undescribed ..... " ........ 
Conularia trentonensis Hall ............. 
Raphistoma peracutum, n. sp ............ 
Raphistomina rugata, n. sp .............. 
Omospira alexanclra Billings ............. 
Lophospira bicincta Hall ......... o. o· ... 
Lopho~pira obliqua, n. sp ................ 
Lophospira concinnula, n. sp ........... 
Lophospira fillmorensis, n. sp ........... 
Lophospira conradana, n. sp ............. 
Loph~spira helicteres var. Wisconsin· 

enSH" n. var ......... o .................. 
Lophospira quadrisulcata, n. sp .......... 
Lophospira spironema, n. sp ..... 0 ••••••• 

Lophospira serrulata Salter .... 0 0 •••• 0 0 •• 

Lophospira perangulata HalL ............ 
Lophospira perangulata var. acuminata. 

n. var .......... 0 0 •••••••• •••••• •••••••• 

Lophospira ~levata, 11. sp ..... , .......... 
Lophospira peracuta, n. sp .... '" ....... 
Lophospira medialis, n. sp .......... 0" •• 

Luphospira perforata, n. sp ............. 
Lophospira oweni, n. sp .................. 
Lophospira pulchella, n. sp .............. 
Lophospira sumnerensis Safford ......... 
Lophospira augustina Billings ........... 
Lophospira augustina var. minnesotensis, 

n, var .... 0 ............................. 

Lophospira (?) major Hall.. . 0" .......... 

Liospira micula HalL ... 0 .0 • 0 •• o ......... 
Liospira abrupta, n. sp .... , ...... ,. . .... 
Liospira americana Billings ... 0 o' .... o ... 
Liospira vi tru via Billings ............... 
Liospira progne Billings. . .............. 
Liospira angustata, n. sp ... o ............. 
Eotomaria dryope Billings .... 0 ••••••• , •• 

Eotomaria vicina. n. sp .... 00· •• 0 •• '" 0 •• 

Eotomaria supracingulata Billings ....... 
Clathrospira subconica Hall ............. 
Clathrospira conica, n. sp .... 0" • 0 ., •••• 

Clathrospira convexa, n. sp .. 0 •••• •• •• •• 

Plet,hospira semele Hall. .. 0" •••• '0 •••••• 

Hormotoma gracilis Hall. 0 •••••••••••••• 

Hormotoma gracilis var. angustata Hall. 
HormQtoma gracilis var.mul tivol vis,:J. vaT 
Hormotoma subangulata, n. sp .......... 
Hormotoma salteri, n. sp .......... o 0 ••••• 

Hormotoma conferta, n. sp ...... 0 0 0 •• o ... 
ormotoma bellicincta Hall .......... 0 0 • 

ffilocaulus ffihlerti. n. spo ..... 0, ••• , •••• 

H 
C 
S 
S 
o 
o 
E 
E 
H 

olenospira prisca (?) Billings ..... o' ..... 
olenospira pagoda Salter ...... 0.0· 00 •• • 

philetina sublaxa, n. sp ... " ...... , .... 
philetina angularis, n, sp .... 0 •••••• , ••• 

ccyliopterus owen anus M, & W, ...... o. 
ccyliopterus beloitensis, n. sp ... 0" •••• 

elicotoma planulata var. robusta, n. vaT 
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cxx THE PALEONTOLOGY OF MINNESOTA. 

Hudson or 
Trenton Period. Cincinna.ti 

Period. 

Bt,ones Black Trenton River River Group. Group. Group. 
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-- - --- - - -- - - -- - -------
Helicotoma urubilicata, n. sp ............ 1034 X 
Eccyliomphalus undulatus Hall ......... 1036 x s 
Eccyliomphalus subrotundus, n. sp .. , ... 1037 x 
Maclurea bigsbyi Hall .................. 1039 x ?s S 
Maclurea nitida, n. sp .................... 1040 x ? 
Maclurea depressa, n. sp .......... , ..... 1040 x ? s 
Maclurea patula, n. sp ................... x 
Maclurea patula var. macra. n. var ....... x 
Maclurina cuneata Whitfield ............ 1041 x 
Maclurina manitobensit; Whiteaves ...... 1011 x 
Trochonema umbilicatum Hall .......... 1047 x x x x ST?L BB SBT H BTUH 
Trochonema beachi Whittleld ............ 1048 x x B 
Trochonema beloitensb Whittleld ...... l048 x 
Trochonema rugosum, n. sp .............. x 
Trochonema fragile, n. sp ................ 1050 x x 
Trochonema subcrassum, n. sp ........... 1051 x T 
Trochonema varians, n. sp ............... x 
Trochonema retrorsum, n. sp ........ " .. 1051 x 
Trochonema altum, n. sp ................ 1052 x 
Trochonema salteri, n. sp ................ 1053 x x 

I TrochoDema sp ........................ x x 
Trochonema robbinsi, n. sp .............. 1053 x 
Trochonema niota Hall .................. 1052 ? t 
Trochonema liratum, n. sp .............. 1056 x 
Trochonema pulchellum, n. sp ........... 1054 x x B 
Trochonema semicarinatum Salter ....... l055 x B I'rochonema percarinatum Hall ......... x ? T Cyclonema textilis, n. sp ................. x x T 

I Cyclonema varicosum Hall ............. 1060 X TL T Holopea insignis, n. sp ................... 1065 x 
Holopea concinnula, n. sp ................ 1066 x 
Holopea appressa, n. sp .................. 1065 x T 

. Holopea excelsa, D. sp .................... 1066 x 
Holopea pyrene Billings .................. 1067 x B Holopea subundata, n. sp ................. x ? T 
Holopea rotunda, n. sp ................... 1066 x T Holopea ampla, n. sp .................... 1065 x 
Holopea similis, n. sp ................... 1066 x x L 
Holopea supraplana, n. sp ................ 1068 x 
Platyceras (?) wisconsinensis, n. sp ...... 1068 x 
Platyceras (?) depressum, n. sp .......... 1069 x 
Subulites conradi, n. sp .................. 107] x 
Subulites dixoneDsis, n. sp ............... 107] x ? 
Subulites regularis, n. sp ................. 1072 x S Subulites beloiteDsis, n. ~p ........... " .. 1072 t 
Subulites spicula, D. sp .................. 107iJ x x x s Subulites pergracilis, n. sp ............... 1072 x Cyrtuspira wykofiensis, n. sp ............. 1074 x Fusispira scbucherti, n. sp ............... 1076 t 
Fusispira nnbilis, n. sp .................. 107e x Fusispira convexa, n. sp ................. 1077 x ? T Fusispira subbrevi Q , n. sp ............... 1076 x x 
Fusispira iotiata M. & W ............... 1075 x ? Fusispira intlata var. ventricosa Hall ... 1075 x x 
Fusispira intermeclia, n. sp .............. 1076 x Fusispira subfusiformis Hail.. .......... . 1077 x 'r T T Fusispira planulata, n. sp ................ 1078 x Fusispira vittata Hall. .................. x x T T Fusispira vittata var. vaticina, n. var .... x x Fusispira eloogata (?) HalL .............. x T Meelwspira subcooica. n. sp ............. 1080 x 
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-- -- --- - - -- - - -- - ---- ----
Helicotorna urubilicata, n. Sp ............ 1034 X 

Eccyliomphalus undulatus Hall ......... [036 x S 
Eccyliornphalus subrotundus, n. sp ...... 1037 x 
Maclurea bigsbyi Hall .................. 1039 x ?s S 
Maclurea nitida, n. sp .................... 1040 x ? 
Maclurea depressa, n. sp ................ 1040 x ? S 
Maclurea patula, n. sp ................... x 
Maclurea patula var. macra. n. var. ...... x 
Maclurina cuneata Whitfield ............ 104] x 
Maclurina manitobensb Whiteaves ...... lOil x 
Trochonema umbilicatum Hall. ......... 1047 x x x X ST?L SB SBTRB TUR 
Trochonerna beachi Whitfield ............ 1048 x x B 
Trochonema beloitens6 Whitfield ...... [048 x 
Trochonema rugosum, n. sp .............. x 
Trochonema fragile, n. sp ................ 1050 x x 
Trochonema subcrassum, n. sp ........... 105] x T 
Trochonema varians, n. sp ............... x 
Trochonema retrorsum, n. sp ............ 1051 x 
Trochonema altum, n. sp ................ 1052 x 
Trochonema salteri, n.sp ................ 1053 x x 

I Trochonema sp ........................ x x 
Trochonerna robbinsi, n. sp .............. 1053 x 
Trochonema niota Hall. ................. 1052 ? t 
Trochonema liratum, n. sp .............. 1056 x 
Trochonema pulchellurn, n. sp ........... 1054 x x II 
Trochoneroa semicarinatum Sal ter ....... 105,j x B Trochonema percarinatum Hall. ........ x ? T Cyclonema textilis, n. sp ................. x x T 

I Cyclonema varicosum Hall. ............ 1060 x TL T Holopea insignis, n. sp ............... " .. 1065 x 
Holopea conCinnula, n. sp ................ 1066 x 
Holopea appressa, n. sp .................. [065 x T 

. Holopea excelsa, n. sp .................... 1066 x 
Holopea pyrene Billings .................. 106? x B Holopea subundata, n. sp ............... x ? T 
Holopea rotunda, n. sp ............... " .. 1066 x T Holopea arnpla, n. sp .................... 1065 x 
Holopea similis, n. sp ................... [066 x x L 
Holopea supraplana, n. sp ................ [068 x 
Platyceras (?) wiscon8iuensis, n. sp ...... 1068 x 
Platyceras (?) depressurn, n. sp .......... 1069 x 
Subulites c;otlradi, n. sp .................. L07l x 
Subulites clixonensis, n. sp ............... 107l x ? 
Subulites regularis, n. sp ................. 1072 x S Subulites beloi tensis, n. 8p ........... " .. 1O?2 t 
Subuli tes spicula, n. sp .................. 1073 x x x s Subulites pergracilis, n. sp ............... [072 x 
Cyrtospira wykoffensis, n. sp ............. 1074 x Fusispira scbucherti, n. sp ............... 1076 t 
Fusispira nnbilis, n. sp .................. [078 x Fusispira convexa, n. sp ................. 107? x ? T Fusispira subbrevi~, n. sp ............... 1076 x x 
Fusispira ioflata M. & W ............... 1075 x ? 
Fusispira inflata var. veotricosa Hall.. . 1075 x x Fusispira iotermeclia, o. sp .............. 107f, x 
Fusispira subfusiformis Hall ............. 1077 x T '1' T Fusispira plaoulata, n. sp ................ 107E' x Fusispira vittata Hall. .................. x x T T Fusispira vittata var. vaticina, o. var .... x x Fnsispira eloogata (?) HalL .............. x T Meekospi ra subcooica, o. sp ............. 1080 x 

I 
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CEPHALOPODA. 
Nanno aulema, n. Sp ..................... 770 x ? 
Oyrtocerina (?) schoolcraft,i, n. Sp ........ 774 x 
Oameroceras proteiforme Hall ........... 777 x x x SDTUL S T B T 
Oameroceras hennepini, n. sp ............ 779 x 
Oameroceras, sp .......................... 780 x x 
Oameroceras, sp. nov ..................... 780 x x 
Actinoceras bigsbyi Stokes ............. 781 x x ? X SD ~JlT T 
Actinoceras beloitense Whitfield ......... 782 ?t ?t Actinoceras remotisepturn Hall .......... 782 x ? T 
Orthoceras nicolleti, n. sp ............... 784 x ? 
Orthoceras anellus Conrad ............... 784 x B T B T 
Orthoceras perroti, n. sp ................. 785 x ?R 
Orthoceras lpsueuri, n. sp ................ 785 X SB 
Orthoceras bilineatum Hall .............. 786 x x n T T B T 
Orthoceras olorus Hall ................... 788 x x s '1' 
Orthoceras tenuistriatum HalL ......... 788 x ? 
Orthoceras sociale Hall .................. 789 x x x U?L 
Orthl)ceras beltrami, n. sp ............... 789 x 
Orthoceras multicameratum Emmons .. 789 x x x x S S 
Orthoceras junceum Hall ................ 790 x 

Ix 
? x s n T T T 

Orthoceras cf. amplicameratum Hall ..... 790 x T T n T 
Triptoceras planoconvexum Hall ........ 791 x x Sll 
Triptoceras planodorsatum Whitfield. . 792 x 
Triptoceras oweni, n. sp .................. 792 x E 
Triptoceras, Hp. (?) ..... '" ............... 793 x 
Triptoceras lambi Whiteaves ............ 793 x 
Gonioceras anceps Hall .................. 794 x s E E 
Gonioceras occidentale Hall. ............. 795 t t s 
Poterioceras apertum Whiteaves ......... 796 x T 
Olinoceras mumiaoforme Whitfield ....... 797 x ? S 
Oncoceras exiguum Billings ............. 798 ? x T 
Oncoceras minnesotense, IJ. sp ........... 798 x 
Oncoceras lycus Hall ..................... 799 x 
Oncoceras carveri, n. sp .................. 801 x 
Oncoceras douglassi, n. sp ............... 801 x 
Oncoceras pandion Hall .................. 802 x 
Oyrtoceras neleus Hall ................... 804 x 
Oyrtoceras bondi (?) Safford ............. X SE S 

Oyrtoceras hallianum d'Orbigny .......... 805 x x T T 
Oyrtoceras billingsi Salter ............... 806 x s E 
Oyrtoceras houghtoni, n. sp ....... , ...... 807 x 
Oyrtoceras featherstonhaughi, n. sp ...... 807 ?x 
Oyrtoceras minneapolis, n. sp ............ 808 x 
Cyrtoceras corniculum Hall .............. 809 x . 
Cyrtoceras norwoodi, n. sp .............. 809 t 
Oyrtoceras shumardi, n. sp ............... 810 x 
Oyrtoceras scofieldi, n. sp ................ 810 t 
Gyroceras duplicostatum Whitfield ...... 811 t 
Rurostomites undatus var. occidentalis 

Hall ........................... ........ 811 x B 

OSTRACODA. 

Leperditia fabulites Oonrad .............. 634 x 
, 

x t s s s n?T 
Leperditella canalis, n. sp ................ 637 x x 
Leperditella persimilis, n. sp ............. 637 x 
Leperditella macra, n. sp ................ 638 x 
Leperditella germana Ulrich ............. 638 t t 
Leperditella (?) dorsicornis Ulrich ........ 639 t 
Schmidtella crassimarginata Ulrich ...... 640 t t s 
Schmidtella affinis, n. sp ................. 641 x n 
SChmidtella umbonata, n. sp ............. 641 x 
Schmidtella incornpta, n. sp .. , .......... 642 x 
Schmidtella incompta var. subaoqualis, 

n. var .................................. 642 n 
Schmidtella brevis, n. sp ................. 642 x 
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CEPHALOPODA. 

Nanno aulema, n. Sp ..................... 770 x ? 
Oyrtocerina (?) schoolcraft,i, n. Sp ........ 774 x 
Oameroceras protei forme Hall ........... 777 x x x SBTUL S T B T 
Oameroceras hennepini, n. sp ............ 779 x 
Oameroceras, sp .......................... 780 x x 
Oameroceras, sp. nov ..................... 780 x x 
Actinoceras bigsbyi Stokes ............. 78] x x ? x S13 ~BT T 
Actinoceras beloitense Whitfield ......... 782 ?t ?t Actinoceras remotisepturn Hall .......... 782 x ? T 
Orthoceras nicolleti, n. sp ............... 784 x ? 
Orthoceras anellus Conrad ............... 784 x B T B T 
Orthoceras perroti, n. sp ................. 785 x ?R 
Orthoceras lpsueuri, n. sp ................ 785 x SB 
Orthoceras bilineatum Hall .............. 786 x x n T T Il T 
Orthoceras olarus Hall .............. , .... 788 x x S T 
Orthoceras tenuistriatum HalL ......... 788 x ? 
Orthoceras sociale Hall .................. 789 x x x U?L 
Orthl)ceras beltrami, n. sp ............... 789 x 
Orthoceras multicameratum Emmons ... 789 x x x x s S 
Orthoceras junceum Hall ................ 790 x 

Ix 
? x SIlT T T 

Orthoceras cf. amplicameratum Hall ..... 790 x T T B '1' 
Triptoceras planoconvexum Hall ........ 79] x x SB 
Triptoceras planodorsatum Whitfield .. 792 x 
Triptoceras oweni, n. sp .................. 792 x n 
Triptoceras, Hp. (?) ......... " ............ 793 x 
Triptoceras lambi Whiteaves ............ 793 x 
Gonioceras anceps Hall .................. 794 x s n n 
Gonioceras occidentale Hall. ............. 795 t t s 
Poterioceras apertum Whiteaves ......... 796 x T 
Olinoceras mumiffiforme Whitfield ....... 797 x ? s 
Oncoceras exiguum Billings ............. 798 ? x T 
Oncoceras minnesotense, IJ. sp ........... 798 x 
Oncoceras lycus Hall ..................... 799 x 
Oncoceras carveri, n. sp .................. 801 x 
Oncoceras douglassi, n. sp ............... 801 x 
Oncoceras pandion Hall. ................. 802 x 
Oyrtoceras neleus Hall ................... 804 x 
O.yrtoceras bondi (?) Safford ............. X SB S 

Oyrtoceras hallianurn d'Orbigny .......... 805 x x T T 
Oyrtoceras billingsi Salter ............... 806 x s B 
Oyrtoceras houghtoni, n. sp .............. 807 x 
Oyrtoceras featherstonhaughi, n. sp ...... 807 ?x 
Oyrtoceras minneapolis, n. sp ............ 808 x 
Oyrtoceras corniculum Hall. ............. 809 x -
Oyrtoceras norwoodi, n. sp .............. 809 t 
Oyrtoceras shumardi, n. sp ............... 810 x 
Oyrtoceras scofieldi, n. sp ................ 810 t 
Gyroceras duplicostatum Whitfield ...... 8]] t 
Rurostomites undatus var. occidentalis 

Hall ........................... ........ 811 x B 

OSTRACODA. 

Leperditia fabulites Oonrad .............. 634 x 
, 

x t s s s n?T 
Leperditella canalis, n. sp ................ 637 x x 
Leperditella persimilis, n. sp ............. 637 x 
Leperditella macra, n. sp ................ 638 x 
Leperditella germana Ulrich ............. 638 t t 
Leperditella (?) dorsicornis UlrIch ........ 639 t 
Schmidtella crassimarginata Ulrich ...... 640 t t s 
Schmidtella affinis, n. sp ................. 64] x n 
Schmidtella umbonata, n. sp ............. 641 x 
Schmidtella incornpta, n. sp ............. 642 x 
Schmidtella incumpta var. subffiqualis, 

n. vaL ................................. 642 D 

Schmidtella brevis. n. 8p ................. 642 x 
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Scbmidtella subrotunda, n. sp ........... 643 X 
Aparchites ellipticus, n. sp .............. 644 X ? 
A parchites granilabiatus Ulrich ......... 644 x 
Aparchites neglectus, n. sp .............. 645 x ? B 
Aparchites millepunctatus Ulrich ....... 645 x 
Aparchites fimhriatlls Ulrich ............ 645 x 
Aparchites arrectus. n. sp ................ 646 x 
Aparchites cbatfieldensis, n. sp .......... 
Aparchites minutissimus var. tTentonen-

646 x 

sis, n. var ............................ 646 x n 
Primitiella constricta, n. sp ............... 647 x Q x s 
Primitiella limbata, n. sp ................ 648 x 
Primitiella simulans, n. sp ............... 648 x 
Primitiella fillmorensis, n. sp ............ 649 x 
Primitiella unicornis Ulrich ............. 649 ? TU 
Primitia minutissima, n. sp .............. 651 x x 
Primit,ia llphami, n. sp ................... 651 x 
Primitia mammata, n. sp ................ 652 x 
Primitia santi-pauli, n. sp ............... 652 x 
Primitia micuJa, n. sp ................... 653 x 
Primitia celata, n. sp .................... 653 x I Primitia duplicata, n. sp ................. 654 x 
Primitia tumidllla, n. sp ................. 655 x 
Primitia gil)bera, n. sp ................... 655 x 
Halliella labiosa, n. sp ................... 656 n 
Beyrichia initialis, n. ~p ....... , ......... 658 x 
Eurychilina reticulata Ulrich ............ 660 x x x x x x Eurychilina " vaT. incurva, n. vaT. 661 x 
Eurychilina subradiata Ulrich ........... 661 x x S s Eurychilina ventrosa, n. sp .............. 662 n 
Eurycbilina (?) sllbmCluata, n. sp ......... 663 x 
Eurychilina (?) symmetrica, n. 8p ........ 663 x 
Dicranella bicornis, n. sp.. .. . ........... 665 x x 
Dicranella spinosa, n. sp ................. 665 x 
Dicranella marginata, n. sp .............. 666 x 
Dicranella (?) Simplex, D. sp .............. 666 x 
Jonesella obscuTa, D. sp ................. 668 x 
Bollia sllb;:equata, n. sp ................. 669 x 
Bollia unguloic1ea, n. 8p .................. 669 x n 
Drepanella bilateralis, n. sp ............. 671 x 
Drepanella macra Ulrich ................. 670 t t s Drepanella bigeneris, n. sp ............... 672 x 
Dilobella typa, n. sp .................... 673 x 
Ctenobolbina fulcrata, n. sp ............. 674 x 
Ctenoi)olbina crassa Ulrich ............... 675 x 
Ctenobolbioa ciliata vaT. emaciata Ulrich 673 t R Ceratupsis chambersi Miller. .... , ........ 676 x x x x 'I'U Ceratopsis " var. robusta, n. vaT. 677 x R Tetraclella quadrilirata H. & W .......... 679 x x x S H Tetrac1ella lu natifera Ulrich ............. 680 n R II Moorea anglilaris, n. sp ................... 682 x 
Moorea puoctata, n. sp ................... 682 x 
Moorea (?) perplexa, n. sp ................ 683 x 
Macroootella scofielcli, n. sp .............. 684 x s Cytherella (?) subrotuncla, n. sp ... , ...... 685 x 

I 
Cytberella (?) rugosa Jones ............... 686 n Uytherella .• var. arcta. n. var .... 686 B n Bytbocypris cylinclrica Hall .............. 687 x T U Bythocypris (?) cnrta, n. sp ............... 689 x u 
Bythocypris granti, n. sp ................. 689 x 
Bythocypris (?) robllsta, n. sp ............ 690 t t Krausella iD;:eqllalis, n. sp ............... 692 t t Krausella arcllata, D. 8p ............... '" 692 t x 

S TIULOBITA. 8 
Calymmene callicephala Green ........... 699 x x x TtO R Isotelus gigas Dekay ..................... 701 x TII TUH TUH 
Isotelus maximus Locke ..... " 701 x x TtO R 'I'H TUH ch to H ......... 
Isotelus eanalis Conrad 707 x x x x TtoR TH 'rUH TUH ••••••••••••••• o. X X 

s cb tOT cal cb T 
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Scbmidtella subrotunda, n. sp ........... 643 X 
Aparchites ellipticus, n. sp .............. 644 X ? 
A parcbites granilabiatus Ulricb ......... 644 X 

Aparchites neglectus, n. sp .............. 645 X ? B 
Aparchites millepunctatus Ulrich ....... 645 X 
Aparchites fimhriatlls Ulrich ............ 645 X 
Aparchites arrectus. n. sp ................ 646 x 
Aparchites cbatfieldensis, n. sp .......... 646 x 
Aparchites minutissimus var. trentonen-

sis, n. var ............................ 646 x n 
Primitiella constricta, n. sp ............... 647 x Q x s 
Primitiella limbata, n. sp ................ 648 x 
Priruitiella si mUlans, n. sp. '" ........... 648 x 
Primitiella fillmorensis, n. sp ............ 649 x 
Primitiella unicornis Ulrich ............. 649 ? TU 
Primitia minutissirua, n. sp .............. 651 x x 
Primit,ia llphami, n. sp ................... 651 x 
Primitia mammata, n. sp ................ 652 x 
Primitia santi-pauli, n. sp ............... 652 x 
Primitia micula, n. sp ................... 653 x 
Primitia celata, n. sp .................... 653 x I Primitia duplicata, n. sp ................. 654 x 
Primitia tumidula, n. sp ................. 655 x 
Prirnitia gil)bera, n. sp ................... 655 x 
Halliella labiosa, n. sp ................... 656 n 
Beyrichia initialis, n. ~p ....... , ......... 658 x 
Eurychilina reticulata Ulrich ............ 660 x x x x x x 
Eurychilina " var. in(;urva, n. var. 661 x 
Eurychilina subradiata Ulrich ........... 661 x x s s Eurychilina ventrosa, n. sp .............. 662 n 
Eurycbilina (?) subaJ(luata, n. sp ......... 663 x 
Eurychilina (?) symmetrica, n. sp ........ 663 x 
Dicranella bicornis, n. sp.. .. . ........... 665 x x 
Dicranella spinosa, n. sp ................. 665 x 
Dicranella ruargi nata, n. sp ............. , 666 x 
Dicranella (?) simplex, D. sp .............. 666 x 
Jonesella obscura, D. sp ................. 668 x 
Bollia sllbmquata, n. sp ................. 669 x 
Bollia unguloiclea, D. sp .................. 669 x n 
Drepanella bilateralis, D. sp ............. 671 x 
Drepanella macra Ulrich ................. 670 t t s Drepanella bigeneris, D. sp ............... 672 x 
Dilobella typa, n. sp .................... 673 x 
CteDobolbina fulcrata, D. sp ............. 674 x 
CtenobolbiDa crassa Ulricb ............... 675 x 
Ctenobolbilla ciliata var. emaciata Ulrich 673 t II Ceratupsis cbambersi Miller. ............ , 676 x x x x 'I'U Cefatopsis " var. robusta, n. vaf. 677 x II Tetradella quadrilirata H. & W .......... 679 x x x S It Tetradella lllnatifera Ulrich ........ , .... 680 n II n Moorea angularis, n. sp ................... 682 x 
Moofea punctata, n. sp ................... 682 x 
Muurea l?) perplexa, n. sp ................ 683 x 

j. Macronotella scofieldi, n. sp ............. 684 x s Cytberella (?) subrutunda, n. sp .......... 685 x 

I 
Cytberella (?) rugosa Jones .. , ............ 686 n Uytherella ., var. arcta. n. var .... 686 B 

n Bytbocypris cylindrica Hall .............. 687 x T U Bytbocypris l?) curta, n. sp ............... 689 x u 
Bytbocypris granti, n. sp ................. 689 x 
Bytbocypris (?) robllsta, n. sp .... " ...... 690 t t 
Krausella ina:qualis, n. sp ............... 692 t t 
Krausella arCllata, n. sp .............. '" 692 t x 

S TIULOBITA. S 

Calymruene callicephala Green ........... 699 x x x TtO R Isotelus gigas Dekay ..................... 701 x Tn Tun TUH 
Isotelus maximus Locke ..... " 701 x x T to It Tn Tun ch to n ......... 
Isotelus canalis Conrad 707 x x x x TtO R T H 'run Tun ••••••••••••••• o. X X 
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Isotelus susre Whitfield .................. 708 x 
Ptychopyga ulrich, n. sp ................. 709 x x 
Nileus vigilans M. & W .................. 712 x x x x 
Illrenus american us Billings .............. 714 x x 'I' T 
Illreous cf. indeterminatus Walcott ...... 716 t t B 
Thaleops ovata Conrad .................. 716 x x s 

I 

s B 
Bumastus trentonensis Emmons ......... 718 x x x x I'; TIT BT 
Bumastus orbicaudatus Billings ......... 722 x ?H 
Bathyurus extans Hall ................... 722 x s S B 
Bathyurus spiniger Hall ................. 723 t t s .? 'I' B T 
Bathyurus schucherti, n. sp .............. 724 x 
Bronteu~ lunatus Billings ............... 725 x T 
Dalmanites achates Billings ............. 726 x T T 
PI erygometopus intermedius Walcott ... 727 x t x x s 
Pterygometopus schmidti, n. sp ......... 729 x ? x s 
Pterygometopus callicephal us Hall ...... 731 x x x x x x x X ST SBT T 
Oeraurus pleurexanthemus Green ........ 734 x x t x x x x X ST S T n to H 
Cyrtometopus scofieldi, n. sp ............. 735 x s 
Encrinurus vannulus, n. sp .............. 739 x t t 
? Encrinurus raricostatus Walcott ....... 740 t t s 

I Encrinurus cristatus, n. sp .............. 74] x 
Oybele winchelli, n. sp ................... 742 ? 
Odontopleura parvula Walcott ........... 744 x T 
Arges wesenbergensis var. paulianus, n. 

var ..................................... 744 x 
Platymetopus cucullus M. & W .......... 746 x 
Platymetopus robbinsi Ulrich ............ 747 :l< 

Platymetopus bicornis Ulrich ............ 748 x 
Proetus cf. parviusculus Hall ............ 754 x T T 
Harpina minnesotensis, n. sp ........... 755 x 
Barpina cf. H. ottawensis Billings ....... 757 x T 
Harpina rutrellum, n. sp...... . ......... 757 ?x ?x 
Cyphaspis (? ) galenensis, n. sp ........... 759 x 

ECHINODERMATA and other fossils not 
described in this volume. 

Dendrocrinus n. sp ...................... x 
Dendrocrinus n. sp ...................... 
Dendrocrinus n. sp ...................... :x 
Dendrocrinus n. sp ...................... x 
Dendrocrinus n. sp ...................... t t 
Merom'inus laxus Ulrich ................. x 
Palreocrinus articulosus Ulrich .......... x 
Glyptocrinus ............................. 

xl 
x 

Porocrinus ............................... 
Carabocrinus magnificus Ulrich .......... x x 
Carabucrinus ............................. x 
Carabocrinus ...... , •••.•••••••••••••• o. x 
Cremacrinus punct·\tus Ulrieh ........... x 
Pleurocystites squamosus Billings ...... , x ? B T T 
Pleurocystites angulatus Ulrich.... . ... x 
Pleurocysti·tes abnormis Ulrich .......... x 
Eurycystites granos us Ulrich ............. x x 
Glyptocsytites grandis Ulrich ............ ? t t 
Glyptocystites, sp. undet ................ n 
Paleaster ................................ x 
New starfish ............................ x 
New starfish ............................. t 
Edrioaster bigsbyi Billings ............... x 'I' 
Agelacrinus .............................. x 
Agelacrinus....... . . ................... x 
Lichenocrinus crateriformis Hall and 

varieties .....•......................... x x x x x x x TU 

Lichenocrinus affinis Miller .............. x R 
Oyclocystoides ........................... t t 
Pasceolus globosus Billings .............. X '1' '1' 

LycroRhYcu!! ottawaensis Billings ........ X 'I' 
Serpu ites dissolutus Billings ............ x x 'l'UL BT 
Oornulites, n. sp ................... ···:·· x 
Oornulites, sp. undet ......... , ........... ' x x x X 'I' 

OrtoDia, sp. undesc. . .................... x x x 
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Isotelus susre Whitfield .................. 708 x 
Ptychopyga ulrich, n. sp ................. 709 x x 
Nileus vigilans M. & W .................. 712 x x x x 
Iilrenus americanus BilIing~ .......... " . 714 x x T T 
Illreous cf. indeterminatus Walcott ...... 716 t t n 
Thaleops ovata Oonrad .................. 716 x x s S B 
Bumastus trentonensis Emmons ......... 718 x x x x S TIT E T 
Bumastus orbicaudatus Billings ......... 722 X ?H 
Bathyurus extans HaIL .................. 722 x s S E 
Bathyurus spiniger Hall ................. 723 t t s '; '1' e T 
Bathyurus schucherti, n. sp .............. 724 x 
Bronteu~ lunatus Billings ............ ... 725 x T 
Dalmanites achates Billings ...... ' ...... 726 x T T 
PI erygometopus in termed i us Walcott ... 727 x t x x s 
Pterygometopus schmidti, n. sp ......... 729 x " x s 
Pterygometopus callicephalus Hall ...... 731 x x x x x x x X ST SET T 
Oeraurus pleurexanthemus Green ........ 734 x x t x x x x X ST S T n to II 
Oyrtometopus scofieldi, n. sp ............. 735 x s i 
Encrinurus vallnulns, n. sp .............. 739 x t t 
? Encrinurus raricostatus Walcott ....... 740 t t ,; 

I Encrinurus cri'ltatus, n. sp .............. 741 x 
Oybele winchelli, n. sp ................... 742 ? 
Odontopleura parvula Walcott ........... 744 x T 
Arges wesen bergensis var. paulian us, n. 

var ..................................... 744 x 
Platymetopus cucullus M. & W .......... 746 x 
Platymetopus robbinsi Ulrich ............ 747 ]r 

Platymetopus bicornis Ulrich ............ 748 x 
Proetus cf. parviusculus Hall ............ 754 x T T 
Harpina minnesotensis, n. sp ........... 755 x 
H arpina cf. H. ottawensis Billings ....... 757 x 'r 
Harpina rutrellum, n. sp.. .... . ......... 757 ? x ?x 
Oyphaspis (?) galenensis, n. sp .......... 759 x 

ECHINODERMATA and other fossils not 
described in this volume. 

Dendrocrinus n. sp ...................... x 
Dendrocrinus n. sp ...................... 
Dendrocrinus n. sp ...................... x 
Dendrocrinus n. sp ....... .... .... ...... x 
Dendrocrinus n. sp ...................... t t 
Merocrinus laxus Ulrich ................. x 
Palreocrinus articulosus Ulrich .......... x 
G lyp tocri nus ............................. 

xl 
x 

Porocrinus ............................... 
Oarabocrinus magnificus Ulrich .......... x x 
Oarabocrinus ............................. x 
Carabocrinus ...... , •.••••.••••••• o. x 
Oremacrinus punctltus Ulril'h ........... x 
Pleurocystites squamosus Billings ....... X Q B T T 
Pleurocystites angulatus Uirich ........ x 
Pleurocysti-tes abnormis Ulrich .......... x 
Eurycystites granosus Ulrich ............. x x 
Glyptocsytites grandis Ulrich ............ .? t t 
Glyptocystites, sp. undet ................ n 
Paleaster ................................ x 
New starfish ............................ x 
New starfish ............................. t 
Edrioaster bigsbyi Billings ............... X T 
Agelacri nus .............................. x 
Agelacrinus....... .. ..... 00'" •••••••• x 
Lichenocrinus crateriformis Hall and 

varieties ............................... x x x x x x X TU 

Lichenocrinus affinis Miller .............. X R 

Oyclocystoides ........................... t t 
Pasceolus globosus Billings .............. x T T 
Lycrophycul! ottawaensis Billings ........ X T 
Serpulites dissolutus Billings ............ x x TUL liT 

Oornulites, n. sp .......................... x 
Oornulites, sp. undet ......... ; ........... x x x X T 

Ortonia, sp. undesc ...................... x x x 
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Table showing number of species fomul zn each of the beds, groups and periods of the 

Lower Silurian in .Minnesota. number of same 1'eceived from below and passin.g up, 
and number restricted to each. 
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CXXIV THE PALEONTOLOGY OF MINNESOTA. 

Table showing number of species fomul 111 each of the beds, groups and periods of the 
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CORRELATION OF STRATA. cxxv 

Table showing ~umber of species found in each of the beds, groups and periods of the 
Lowe1- Silurian in Minnesota, number of same received from below and passing up, 

and number restricted to each.-Continued. 
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CORRELATION OF STRATA. cxxv 
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and number restricted to each.-Continued. 
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cxxvi THE PALEONTOLOGY OF MINNESOTA. 

OomprtrZ:son of Lower Silw'ian faunas in Minnesota with those of equivalent formations 

in Oanada, New York, Chwinnati region and central Tennessee, showing the number 

and position of the species that are common to JJIinnesota and one or more of the 

/o1'eign 1'egions named. 
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cxxvi THE PALEONTOLOGY OF MINNESOTA. 

Comprtrison of Lower Silw'ian faunas in Minnesota with those of equivalent formations 

1'n Canada, New York, Chwinnati region and central Tennessee, showing the number 

and position of the species that are common to ~JJ1innesota and one or more of the 

foreign regions named. 

'0 , ' !:IU) 

"'bIl'" '" Cincinnati Central "-"" '" '" OJ New York. Canada. g~~ . .0 '" S .M 
region. Tennessee. 'tJ~~~ 

"'" " . ~.~~~ Q.~ .~ ~ 
~r.nM~ 

~o "'" !l)Q,I to > 
~~ ".<1 8t. Bl Tr. D.R. St. BI. 0.111 D.N B. Bl. Tr. O.H B.B. Tr. O.H. o o~· .... 

0" ~ 1:1 (. :::j 0'" ,,~ Q;cooCj1 
E-< 0 p.q ... ~Q.) 
- - - - .. -- - - - - - - - - - - - _. --

:e .- 1. Stones River group ............ 8 2 2 2 1 2 2 1 2 2 100 '" .. II. Black River group ............. 11 6 I 4 21 2 2 2 2 I 2 4 84 J! 
~ III. Trenton group ................. 9 5 1 2 I I 2 I 2 100 

2:: 
IV. Hudson Ri ver period ........... 1 8 6 6 I 2 100 

G 
, 
" 1. Stones River group ............. 6 2 2 2 '" rg~ II. !:Hack River group .............. 13 2 2 1 
.S ~ III. Trenton group ................. 12 6 4 4 100 ..c.c 
'-' IV. Hudson River period ........... 6 ] ] 
~ 

" 1. Stones Ri I'er group ............. 4~ II 6 ] 3 2 3 ] 1 1 73 2 II. Black Ri ver group ............. 91 16 12 2 3 5 . 5 5 0 III. Trenton group ................. 65 25 14 2 ] 5 9 ]4 ]00 
>Q IV. Hudson River period ........... ]2 4 4 100 

'" I ]ti '0 I. Stones River group ............ 22 14 6 5 1 8 1 2 ] 5 7 0 J 5 1 53 "" II. Black River group ............. 28 ]9 4 8 5 6 2 8 4 2 12 0 ] 3 15 14 4 75 :<i III. 'l'renton group ................. 43 24 3 5 ]31 6 2 I 7 6 1 17 5 9 20 5 95 u 

~ IV. Hudson River period ........... 34 18 2 51 ]2 3 4 ] 5 5 3
1 

8 11 83 co 

S.~ I. Stones River group ............. 32 7 ] ]1 ] 4 I ] 4 ] 100 
~~ II. Black River group .............. 47 7 1 

61 

1 I 2 ] 2 I 100 
j~ 

III Trenton group ................. 46 tI 4 I 4 4 100 IV. Hudson River period ........... 20 13 ]3 100 .0 

" 101 '0 1. Stones River group.. . .. . . . .. .. 31 Hi 8 2 ] 5 2 0 ] ] 2 5 0 4 4 0 75 "" II. Black Ri ver group .............. 12 7 3 4 I '" I I 2 0 0 4 0 2 5 0 57 ';J III. Trenton gruup ................. 16 ]0 6 4 2 2 2 ] 2 I 4 2 6 0 70 

'" IV. Hudsl'JO ltiver period ........... 2 2 2 100 ::; 

" 1. Stones River group ............. 321 I ] 1 '0 67 16 6 6 4 16 6 2 3 1 7 0 11 6 2 75 '-" II. Black Ri ver group.. . . . . . .. . ... 50 24 6 9 12 7 6 2 2 :: 4 2 6 6 3 58 III. Trenton group ................. 77 34 3 7 25 5 7 4 10 ] ] ]0 ] 7 8 2 82 en IV. Hudson lU rer period ....... " '" ]7 9 ] 2 4 6 1 2 3 3 3 c:l 67 

,; I. Stones Ri ver group ..... 19 5 4 I 1 

:1 
1 '5 .... .... 3 1 1 u II. Black River group ............. 39 2 I ] 2 ]00 

" III. Trenton group. ..... . ......... 15 3 ... 2 .- IV. Hudson River period ........... ] 
0 8 3 3 

I 100 

:e 1. Stones Ri I'er group .... '" .... " 16 91 5 ] 1 II 1 
41 ] 1 6 I I 2 2 p II. Black River group .............. 5 4 3 2 I 2 1 1 

5 3 ]00 .s III. Trenton group ................. 21 l~) ] 5 3 
I 

!j 
2 2 ] 76 

0:; IV. Hudson River periud .......... 
4 1 4 3 3 2 10 5 85 6 4 4 4 1 3 3 

41 2 4 4 100 , 

1. Stones River group ............. 246 9611<~'~nd ebewhere in 
I 1 

E II. Black River group .............. 296 86 47 

I 

83 
0 III. Trenton group ................. 30512:J 107 55 
H IV. Hudson River period ........... 113 59 87 53 

1 
88 



CORRELATION OF STRATA. cxxvii 

Table showing number of species restricted to each of the Lowe?' Silurian groups in the 

upper M1'ssissippi region, number of same ocCttrring in one 01' mm'e of the four other 

regions, and the formations in which they are found. 
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WILBUR H. SCOFIELD. 

There remains one further duty to discharge. [t is a duty which is fraught with 

sadness, but which is performed with cheerfulness. Wilbur H. Scofield, one of our 

collaborators, has died during the preparation of this volume. 

His residence at Cannon Falls made it a point of rendezvous for parties in the service 

of the survey going to and coming from the southern portion of the state. Added to this 

convenience his interest in geology and his collection of fossils from the Lower Silurian 

brought him into constant intercourse with the members of the survey corps, and they all 

formed for him a strong personal attachment. His cooperation, which was always gener

ously granted, has added much to the scientific value of this volume. Some feeble 

testimony to that service is seen in the dedication of several species to his name. 

He was a native of Livingstone county, New York, born October 15, 1840, and removed 

to Minnesota in 1855, settling at Cannon Falls, a frontier hamlet. As the village and the 

country developed, he came to be recognized as one of the best and one of the foremost 

citizens. He served as teacher, postmaster, and president of the village council. and at 

the time of his death he was president of the Board of Education. He was tendered a 

nomination to the State Legislature but declined in favor of his brother, Hon. James L. 

Scofield. 

He began the collection of fossils and their classification under the sole instigation 

and guidance of an inquisitive and enterprising mind, and, without association with 

scientists, necessitated by physical disability, he acquired great proficiency and manifested 

unwonted skill in the determination of species. His life and his service to geology illus

trate the opportunities which lie in the pathway of the citizen who thoughtfully observes 

nature and who enters upon a systematic inquiry into the phenomena that surround him. 
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OI-IAPTICI~ V I. 

THE LOWER SILURIAN L1-\MELLIBI~ANOI-IIATA 

OF MINNESOTA. 

BY E. O. ULHICTl. 

A number of names for this class of mollusks, commonly known as mussels, 

have, from time to time, been proposed, but none of them, save Blainville's Lamelli

branchiata, which, on the whole, is an appropriate designation, has enjoyed more 

than merely temporary popularity. Of the other names, that proposed by Goldfuss 

in 1820, Pelecypoda, alone presents fair claims to recognition, since its adoption would 

produce that most desirable element, uniformity, in the terminology of the various 

classes comprised in the subkingdom Mollusca. Blainville's name, however, has six 

years' priority, and is so well established in literature that it is doubtful if the con

fusion which would result from a change of names would be sufficiently compensated 

for by the superior ad vantages of Goldfuss' term. 

The Lamellibranchiata agree with the Brachiopoda in having bivalved shells, 

but differ in having them, as a rule, equal and inequilateral instead of inequivalved 

and equilateral; they are, furthermore, placed on the sides of the animal (for which 

reason we distinguish them as right and l~ft), instead of above (dorsal) and below 

(ventral). From the Gastropoda and Cephalopoda they are distingui~hed by wanting 

a distinct head, in having bivalved shells, a bilobed mantle and lamelliform gills 

developed in pairs. 

Generally the animal is symmetrically developed, of oval, rounded or trans

versely elongate form, laterally compressed and enclosed in the two fleshy, often 

more or less united, lobes of the mantle. Within the latter, which are attached to 

and secrete the calcareous or perlaceous valves, we have first the lamelliform gills, 

and between these the various internal organs, such as the heart, intestines and 

. organs of generation, and the mouth and anal opening, and usually also a protrusible 

muscular foot. Numerous modifications of the mantle lobes occur. Sometimes they 

are separate, at other times their margins are grown together so as to enclose the 

. animal as in a sack. In the latter case an opening is left in front for the protrusion 
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of the foot, and another in the back serving for both the inhalation of water and the 

expulsion of the excrements. The posterior opening m;;ty be further modified so as 

to form two more or less distinct tubes or siphons, and these may be retractible or 

of such size and consistency that they project permanently through the gaping 

posterior margin of the shell. In most instances the siphons are capable of being 

completely or partially retracted, and the line of attachment of the muscles of the 

mantle producing this retraction is bent inward more or less decidedly. When such 

an inbending of the pallial line (as the attachment of the mantle to the inner surface 

of the shell is called) is found in fossil shells the inference is regarded as conclusive 

that the animal possessed retractile siphons. When, on the other hand, the pallial 

line is simple (i. e., without a sinus) we are obliged. to conclude that the siphons were 

either very small or wanting entirely. 

The foot-a perfectly retractile organ, presumably of locomotion-lies in the 

anterior part of the shell between the gills and mantle lobes. Its form is various, 

but commonly compressed, hatchet or club-shaped, and the muscles which produce 

and regulate its action are attached usually above or behind the anterior adductor. 

Not infretluently chitinous threads spring from the lower side of the foot. When 

these are developed in sufficient number to form a bundle or byssus, the shells may 

therehy attach themselves to foreign bodies, and in such cases the anterior margins 

of the valves do not close tightly, but leave what is known as the byssal opening. 

Among paleozoic representatives of this class the Ambonychiidm afford the best 
instances of shells with a byssal opening. 

Of all the organs of the animal none are of greater importance to the paleon

tologist than the strong muscles (adductors) which serve to close the valves. There 

may be only one, the posterior, as in the recent oyster, or of the two the anterior 

one may be disproportionately small. In the majority of cases, however, the two 

muscles are approximately of equal size. Other and much smaller muscular scars 

may be noticed, especially in the umbonal cavity. which were produced by muscles 

which partially supported the movements of the gills and palpi and, as already stated, 
of the foot. 

The shell in which the interest of the paleontologist is chiefly centered consists 

largely of two layers, the outer, secreted by the thickened margin of the mantle, 

being composed of vertically arranged prismatic cells filled with calcite, the inner of 

structureless thin parallel leaves. Generally a delicate chitinous epidermis is spread 

over the cellulose layer. Growth of the valves begins at the apex or beak, a more 

or less prominent point situated almost invariably somewhere along the anterior 

half of the hinge margin. Further increase takes place principally at the periphery, 

producing, when the edges of the mantle are entire, a simple, more or less regularly 
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concentric, striation (growth lines) of the surface. But when the mantle edges are 

undulating or dentate the concentric growth lines are crossed by radiating strirn or 
plications. 

The various parts of the shell are conveniently brought out and illustrated III 

the following section on terminology. 

TERMINOLOGY. 

Outline: The designation of the various parts of the outline depends upon the 

position in which the shell is placed. I shall adopt, because it is certainly the 

most convenient if not always the most natural position, the one in which 

the beaks are placed uppermost and the hinge line nearly or quite horizontal. 

The part in front of the beaks, toward which they are usually inclined, is 

therefore considered as the anterior end, while that behind them, often much 

the largest and widest, is the posterior. The upper edge is known as the 

cardinal or dorsal margin, while the lower is called the basal or ventral. 

Dimensions: The length as given in the following pages always expresses the distance 

between the most prominent points (extremities) on the anterior and posterior 

Fig. 35. I and II, right valves oj ISCHYIWDONTA (?) OYALIS Ulrich and MATHERIA RUGOSA Ulrich, 
lettered and divided by lines to illustrate the section on outline and dimensions. A-B, length; C-D, 
anterior hight; E-F, posterior hight; a b, dorsal or cardinal margin; cd, anterior end and margin; e J, 
basal or ventral margin; g h, posterior end and margin. 

III, antero-cardinal view of a small spceimen of Cuneamya cuTta Whitfield, from the upper part of 
the Cincinnati group of Ohio; u, umbones and begiuning of umbonal ridges; e, escuteheon; I, lunule. 

IV, the two valves of an undeseribed speeies of Orthodesma lying open in the shale and showing the 
ligament at l; middle beds of the Oineinnati group at Oineinnati. 

V,' dorsal view of an entire east of the interior of Chcenodomns typicalis, a new genus and speeies 
from the upper beds of the Oineinnati group of Ohio, showing a shell gaping at both ends. 

VI, anterior view of Byssonychia radiata (Ambonychia radiata Hall), illustrating a shell with a 
byssal opening. This specimen is from Cincinnati, Ohio, and is peculiar in having the right val ve (left 
side of figure) preserved as a cast ot the exterior and the left valve as a cast of the interior. In the latter 
is shown the pallial line (at p) running along the anterior side to a point under the beak. 
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margins. This line may be paral.lel with the hinge, but more commonly 

diverges more or less strongly posteriorly. The hight is given in one or two 

measurements: the former, when the shell is approximately equilateral (as in 

many species of Tellinomya) or elliptical in form (Clidophorus) with the greatest 

hight subcentral or beneath the beaks; the latter, when the shell is elongate 

or has one end much wider than the other (Orthodesma and Modiolopsis). In 
such cases two lines are drawn at right angles with the hinge line, one from 

the beaks to the ventral margin, the interval between the two point~ being 

the anterior hight, the other across the posterior end, from the posterior 

extremity of the hinge, giving the posterior hight. By thickness is understood 

the shortest distance between the points of greatest convexity of the valves. 

Arer( or Escutcheon: A variously shaped, usually elongate, inflection of the dorsal 

edge, generally longitudinally lineate, and serving as a receptacle for the 

ligament. When the area is restricted to posterior to the beaks, as in 

Cuneamya, it is, strictly speaking, to be called an escutcheon. 

Lunule: A similar, but shorter and commonly heart-shaped inflection or distin

guishable area in front of or beneath the beaks. Cuneamya offers good 
examples. 

Gaping and closed shells: The valves fit either closely all around or they may fail 

to do so and gape at one or both endR, and sometimes ventrally. 

Byssal opening,' A small, distinctly modified portion of the anterior margin, through 

which the byssus protruded. Among the paleozoic types the Ambonychiidce 
furnish the best examples. 

Beok: A more or less prominent point on each valve, usually bending forward and 

overhanging, in a variable degree, the dorsal edge. It marks the point at 

which growth began, and generally is situated anterior to the center of the 

valves. Many species of Tellinomya, Nucula and Clinopistha afford exceptions 
to the last rule. 

Umbones: The use of this term, which is generaJly applied in a sense synonymous 

with beaks, is here restricted to the gibbous rostral portion of valves in which 

the beaks are incurved over the hinge line and invisible in a side view. 

UmbonaIJ'idge: A more or less strongly rounded or angular ridge-like prominence, 

extending from the beaks or umbones toward t~e posterior extremity of the 
shell. Example, TVhitella. 

CI/rdinal or dorsal slope: Generally applies to the flattened or concave declivity 

from the umbonal ridge to the dorsal edge posterior to the beaks. When 

the declivity on the anterior side is sufficient to be noted it is designated as 
the anterior cardinal slope. 
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Anterior, posterior and ventral slopes are self-explanatory terms. 

External ligament: An elastic, horny band, of variable length, serving to hold the 
\ 

valves in position, and situated invariably over the dorsal edges close behind 

or under the beaks. But rarely preserved in fossil shells. 

Internal ligament or cartilage: This is generally of cartilaginous consistency, and 

often but a modification or extension of the external ligament. In the latter 

case it lies along the posterior inner border of the hinge, where its presence 

may be indicated by linear thickened supports which, in casts of the interior, 

may sometimes be confounded with impressions of lateral teeth, (Whitella). 

A true internal cartilage, usually occupying a small pit beneath the beaks 

(Fig. 36, III and VII), is found in Nucula, Pecten and many other types of the 

secondary and more recent rocks, but is rather rare among paleozoic species. 
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Fig. 86. Illustrating Hinge Types, Muscles and Pallial Impressions. 

I and II, interior of a right valve of Lyrodesma major Ulrich, of the natural size, and the rostral 
portion of the valve x 2; upper beds of the Oincinnati group of Ohio. 

III, hinge of a species of Nuculana, showing internal cartilage pit at c. 
IV, interior of a left valve of Vanuxemia hayniana Safford, sp .. from the upper Trenton limestone of 

central Kentucky; a, area; c. t., cardinal teeth; I. t., posterior lateral teeth; a. a., anterior adductor, and 
p. a., posterior adductor impression; p., pallial line. 

V, cast of the interior of a left valve of an unnamed variety of Byssonychia radiata Hall, sp. 
(Arnbonychia bellistriata Miller and others, not Hall, 1847,) from the lower beds of the Oincinnati group of 
Ohio. In this specimen the posterior adductor impression (p. a.) and the pallial line are usually distinct. 

VI, a sharply defined cast of the interior of Lyrodesma major Ulrich (see also I and II), showing the 
muscular impressions in a very satisfactory manner; a. a , anterior adductors; p. a., posterio;' adductors; 
p. m., two pairs of pedal muscles. 

VII, interior of a shell with a strongly sinuate pallial line (8), and an internal ligament pit, (c); 
Lutraria elliptica Roissy, Pliocene, Rhodus (one-half nat. size). The outline of this shell is to be noted in 
connection with Fig. 34, I and II. 

VIII, undetermined species of OlidoP9rus, showing clavicle (cl.). 

Hinge teeth: This term applies to the teeth in general, but more especially when 

these are numerous and subequal, as in Tellinomya. 
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Cardinal teeth: Refers to the teeth situated on the hinge in the region of the 

beaks. 
Lateral teeth: One or more, generally elongate, subhorizontal teeth or interlocking 

ridges, often situated at the posterior extremity of the hinge. 

Muscular impressions: That of the anterior adductor, when present, is situated near 

the margin in the antero·cardinal region. It may be as large or much 

smaller than the posterior adductor, which, when both are present, is placed 

at some point in the postero·cardinal region. When only one adductor scar 

is present (Monomyaria), or the anterior OlJe is much the smaller of the two 

(Heterornyaria), the posterior scar is situated nearer the center of the valve. 

Umbonal scars are small impressions in the umbonal cavity, while the pedal 

muscles often leave small scars above and behind the anterior adductor 

impressions. 

Pallial line: This is a more or less sharply defined line running nearly parallel with 

the free margins of the valves and connecting the two adductor scars. Among 

paleozoic representatives of the class the line is usually simple, but among more 

recent forms a sinuate pallial line (said of it when its posterior part is bent 

more or less strongly inward), is quite common. 

Clavicle: A thin plate or ridge in each valve, of varying length, extending from the 

hinge margin, immediately in front of the beaks. vertically downward, or 

curving slightly forward. Example, ClidoJJhorus. 

PRESERVATION AND METHODS OF STUDY. 

In common with the Gastropoda, and probably for the same reasons, the paleo

zoic Lamellibranchiata are oftenest found in the condition of casts of the interior. 

This is true, especially of specimens preserved in dolomitic limestones like those of 

the lower Trenton and Galena in Minnesota, Wisconsin and Illinois, and the Niagara 

of northern Illinois and Wisconsin. These dolomitic specimens are to be regarded 

as in a favorable state of preservation so far as study is concerned. The shell, 

though dissolved away, has left g.ood moulds of both the exterior and interior in the 

matrix, so that with the aid of plastic gutta percha the student is enabled to produce 

counterfeits of the shell that for purposes of classfication are scarcely to be excelled. 

To make good impressions it is often necessary to clean the moulds of the small 

crystals and other foreign matter that may in part occupy the space originally filled 

by the shell. Unfortunately, collectors too often are careless in preserving the 

outer mould, believing it, perhaps, of little consequence. In the interests of paleon

tology I would recommend greater caution and a le~sening of the number of frag
ments by an early application of the contents of the glue pot. 
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Good casts of the interior are also to be met with in shaly rocks, indeed, most 

excellent ones when the shales are arenaceous. In soft shales, like those of the 

Cincinnati group of Ohio, they are generally preserved as partial moulds of the 

exterior. The approximately unaltered shell is to be counted as rare in lower 

paleozoic formations when compared with their frequent occurrell(~e in Carbonif

erous deposits. 

The most favorable method of preservation, so far as Lower Silurian material is 

concerned, is that in which the originally calcareous shell is more or less completely 

replaced by silica. Such specimens are rare in the Northwest, but common in the 

solid limestones of the Trenton in Tennessee and Kentucky, and in the Black River 

limestone of Canada. Beautiful specimens of this kind are to be found weathered 

out, or blocks of the limestone may be treated with dilute acid witb the same result. 

The first essential in the study of fossil Lamellibranchiata is to determine 

whether or not the material, as it lies before us, bas retained its original form. 

Distortion through pressure in the rock matrix is a most fruitful source of error 

and one that even the greatest experience cannot entirely negative. It is evident 

that the softer and, consequently, the more yielding the character of the matrix, the 

greater the degree of the distortion. It is least in limestones and dolomites and 

greatest in shales and slates. The direction of the distortion depends upon the 

position occupied by the sbell with respect to the bed planes of the enclosing rock. 

l-

Fig. 37. Illustrating distortion of shells through pressure. a, rigb t side of a specimen of Modiolopsis 
modlolaris Conrad, the hight of which has been reduced, as shown in outline, to less than half what it was 
originally. b, a shell of the same species greatly compressed lengthwise. c, the shell of an undescribed 
species of Ouneamya, from Ohio, illustrating the effect of pnossure on shells occupying an oblique position 
in the shales. The line s-b indicates the plane of the strata and sea bottom. (See fig. 38.) 

The exceedingly diverse results of the pressure, especially in specimens from shale, 

are most puzzling to the beginner. If a shell bappened to stand upon end, its length 
-31 
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will be greatly reduced; if upon its base, the hight; if upon its side, the thickness. 

When these positions were in no wise oblique, the beginner may fail entirely to 

notice the distortion, which, when their position in the strata is oblique to the plane 

of deposit, will be more or less clearly obvious to him because of the unsymmetrical 

forms of the two valves. A careful examination. however, will reveal, at any rate 

011 specimens that have not been much weathered, certain fine parallel lines on the 

sides of the crushed shell. These lines are coincident with and probably produced by 

the deposit laminm of the matrix, and an experienced student may, with their aid, at 

once determine the direction and perhaps the amount of the reduction of the par

ticular dimension affected. It is to be remembered that the pressure under which 

the fossils suffer acts, except in comparatively rare instances, in a vertical direction· 

only. Complete shells are generally compressed more or less obliquely, for the simple 

reason that after the death of the animal the natural position of the shell, with 

respect to the plane of the sea bottom, must be approximately as shown in fig. 37, c. 

For the same natural cause, the disunited valves are better calculated to preserve 

the original outline, becau:-;e they are most likely to lie upon their inner edges, the 

latter heing, therefore, at right angles to the direction of the pressure; in which 

case, under ordinary circumstances, the only dimension that can be altered is the 

thickness, this being reduced according to the amount of compression sustained hy 
the surrounding rock. 

--j---=~-¥~--- -I 
I/'/' 

Fig. S8. Illnstmting how to obtain a resto/'ation of an obliquely compressed shell. The inner ontline 
represents tIle specimen as it. is now (see fig. 36-c), the outer one a restoration of its original form, S-B. 
plane of sea bottom; d.-p., duection of compressing force. 

In making the restoration shown in fig. 38, only the two regions or points 

(( and b can be assumed as having retained their positions on the original boundary, 

because there alone the outline of the shell coincides with the direction of the com

pressing forGe. The only effect the latter could have had upon them was to increase 

their convexity and to press them down slightly beneath their original positions. 

On all other points, however, the effect was a reduction in the convexity of the 
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outline and 90nsequently of the size of the specimen. The rostral region of the 

right valve was greatly reduced and flattened, tha,t of the left not so much reduced 

and made more strongly convex at a. Tn the lower half of the shell the result of 

distortion was reversed in the two vn,lves. In the restoration, assuming the two 

valves to have been equal, we draw a curve through the point a that is intermedi,Lte 

in convexity between the flattened curve of the rostral half of the right valve and 

the sharpened one of the left. An equivalent curve is then drawn for the right 

valve and then continued to and beyond the point U. We now have the original 

outline of one of the valves as it would appear in an end view. The outline of the 

other valve being equally curved, only in an opposite direction, is then easily 

finished. 

Having satisfied ourselves as to the original shape of the shell, it is first desira,hle 

to determine whether the valves are equal, as in LlJ,lodivlvpsis and JVltitellll, or unequal, 

as in Pterinea and Aristerella. N ext we note the relation of the various parts of the 

outline to each other, the relative width of the two ends and other features bearing 

upon the determination of the contour. Now the position, altitude and degree of 

fulness of the beaks and umbones is taken into account. The former may be terminal 

(i. e., situated at the anterior extremity of the hinge line and projecting as far forward 

as the margin beneath them), as 'in Ambonychia; or they may be nearly central in 

position, as in some species of Ctenodonta. Then the umbones may be strongly 

gibbous and the beaks curve over the hinge line (Cuneamya, Whitella), or they may 

be less full and comparatively erect (Clionychia), or depressed, or scarcely distinguish

able (Cycloconcha and Clidophorus). Decided deviations in the position and altitude 

of the beaks are generally of generic value, but lesser modifications are likely to 

prove of merely specific importance. The character of the surface markings will 

probably have been taken into account at once. 

In the next order, and here we usually credit them with generic and greater 

value, the student should observe the presence or ahsence of a byssal opening, of the 

lunule and escutcheon, and the character of the area. He should note also whether 

the edges of the valves fit tightly or gape at one or both ends or ventrally. His next 

step is to observe the position, distinctness and relative size of the various muscular 

impressions, the adductors particularly. Nor is he to forget to trace out the pallial 

line. N ext he may find internal sockets, plates or ridges, that supported internal 

ligaments, or to which muscles were attached. Finally, he will observe the method 

of hingement. The hinge may be edentulous, in which case an external ligament 

(perhaps internal also) may usually be assumed if not found (see fig. 35, IV). In 

Modiolopsis there may be a slight thickening or rudimentary cardinal tooth in each 
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valve beneath the beaks, in ]}[atheria there are two in the left and one in the right, in 

Cypricardites three or more, and these are added to by the developm:ent of lateral 

teeth (fig. 36, IV); some types may have radiating teeth (fig. 36, I and II); in others 

the whole hinge margin will be divided transversely into numerous small teeth, while 

still others may present a combination of short transverse and long lateral teeth. On 

the whole, after giving due consideration to other pecularities, modifications in the 

structure of the hinge are to be ranked as of the highest importance. 

CLASSIFICA TION. 

The class Lamellibrachiata, or Pelecypoda, is variously divided by authorities. 

It is neither necessary nor desirable that the numerous systems should be considered 

here, since it is my impression, and here I merely follow the opinions of some of our 

latest and highest authorities, that they are all more or less misleading and inade

quate. The fact is, we have not yet arrived at that stage in knowledge where a 

really natural classification is possible. Too little of the paleozoic representatives 

of the class is known well, and until more is learned of the evolution of the recent 

types from their fossil ancestors no attempt is likely to prove more than provisional. 

What we want now are facts and when sufficient of them have accumulated I doubt 

not the desired natural scheme of classification will evolve itself. 

Still, since we have systems, they may as well be used till something better is 

furnished. Of course, only paleozoic types are here considered, and in viewing these 

alone, I cannot say that I am satisfied with the following arrangement. In drawing 

it up I have paid due attention to the arrangements proposed by Tryon, Stoliczka, 

Zittel, S. A. Miller and others, and sought to avoid what has seemed objectionable in 

each. At best the result is premature, and in submitting it in the hope that it may 

prove a little nearer the truth than their schemes, I beg that it may be considered 
with lenity. 
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CLASSIFICATION OF PALEOZOIC LAMELLIBRANCHIATA. 

Subkingdom MOI.lI.lUSCA. 
Class LAMELLIBRANCHIATA, Blainville. 

Order ASIPHONIDA, Woorlwarcl. 

Mantle lobes separate, siphons wanting. Pallial line without sinus. 

Suborder MONOMY ARIA. 

A single adductor muscle, the anterior one wanting. 

Family PECTENIDAD, Lamarck. 

GENERA: Aviculopecten, McCoy; Crenipecten, Hall; Euchondria, Meek; Lyriopecten, Hall; Pernopecten, 
Winchell; Pterinopecten, Hall; StreblopteTia, McCoy. 

Suborder HETEROMY ARIA. 

Anterior adductor muscle very small, the posterior one large. 

Family A VIOULIDlE, d'Orbigny. 

GENERA: Actinopteria, Hall; Bakevellia, King; Ectenodesma, Hall; Glyptoclesma, Hall; Lioptel'ia, Hall; 
Leptodesma, Hall; Limoptera, Hall; Monoptera, Meek and Worthen; Monotis, Bronn; 
? Palceopinna, Hall; Posidonomya, Bronn; Pseudomonotis, Beyrich; Pier'inea, Goldfuss (Ver
tumia, Hall); Pteronitella, Billings; PteTonites, McCoy; f! PtychopteTia, Hall. 

Family PINNIDlE, Gray. 

GENERA: Aviculopinna, Meek; Pinna, Linne. 

Family AMBONYCHIIDlE, Miller. 

GENERA: Allonychia, Ulrich; Ambonychia, Hall (Testricted); AmphicO'lia, Hall; Anomalodonta, Miller; 
Anoptem, Ulrich; Byssonychia, Ulrich; Byssopteria, Hall; Clionychia, Ulrich; Ectenopiem, 
Ulrich; ETidonychia, Ulrich; MytilaTca, Hall; P(J'/ceocan7ia, Hall; Plethomytilus, Hall. 
Psilonychia, Ulrich, 

Family CHlENOCARDIIDlE, Miller. 

GENERA.: ChcenocaTdia, Meek and Worthen; Megambonia, Hall. 

Family MYTILIDlE, Lamarck. 

GENERA: ? Anthracomya, Salter; ? Anthracoptera, Salter; Gosselettia, Barrois; Lithoclomus, Cuvier (Litho
phaga, Bolton); Modiella, Hall; Mocliola, Lamarck; Myalina, Koninck; Mytilops, Hall; 
? Spathella, Hall. 

Family MODIOLOPSIDlE, Ulrich. 

GENERA: Actirwmya, Ulrich; ? ATisteTella, Ulrich; Colpomya, Ulrich; ? Cymatonota, Ulrich; ? CYP?'iwnlella, 
Hall; ? Endodesma, Ulrich; Eurymya, Ulrich; Goniophom, Phillips; JIr[odioZodon, Ulrich; 
Modiolopsis, Hall; Modiorno?-pha, Hall; OTthodesrna, Hall and Whitfield; ? PTolobella, Ulrich; 
? Psiloconcha, Ulrich; ? Pyanomya, Miller. 
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Family CYPRICARDINIIDM, (ProvisionaL) 

GENUS: Uypricm'dinia, Hall. 

Family CYRTODONTIDM, Ulrich. 

GENEUA: ? CYllricrO'(7iles. Conrad; Cprtodonta, Billings; Ischyro(1onta, Ulrich; Mathcria, Billings; Urtonella, 
Ulrich. ? rtycilodesma, Hall; VWIH:rcmia, Billings; Whitella, Ulrich. 

Subordcr HOMOMYARIA. 

Mantle lobes either separate or united posteriorly. The two adductor muscles of nearly equal 
strength. 

Family ARCIDM. Lamarck. 

GgNEltA' Carbonarw, Meek and Worthen; Macrodon, Lycett; Nyassa, Hall; .? Spenotus, IIall. 

Family PARARCIDM, (Provisional). 

GENEllA: Cardiola, Broderip; C(lnliopsis, Meek and Worthen; Dexiobia, Winchell; Glyptocardia, Hall; 
LwmlicQl'diU1n, Ml'lnst\'r; Orcccanli1tm, Herrick: Panenka, Barrande; Paracardium, Hall; 
Parm'ca, Hall. 

Family NUCULIDJE, Gray. 

GENEltA: .? ClidophoT11S, Hall; Ctcno(Ionta, Saltcr (Tellinomya, Hall); Goniodon, Herrick; Nucula, Lam
arck; NuculQlw, Link; Nue'lllites, Conrad; Palceoneilo, Hall; ? Pyrenomceus, Hall; Yoldia, 
Mt>ller. 

Family L YRODESMIDM, Ulrich. 

GlCNEUA: Allodesma, Ulrich; IschY1'ina, BilIing~; Lyrodesma, Conrad; TechnophoTuS, Miller. 

Family TRIGONIDJE. Lamarck. 

GENERA: ':' Cythe1'oc/on, Hall; .~ SchizorIu,s, King. 

Family UNIONID1E 

GENEIlA: ':, Amnigenia, Hall; .~ Anthracosia, King; Prisconaia, Conrad. 

Family ELYMELLID}E, (Provisional). 

GENERA: Elymella, Hall; Glossites, Hall. 

Order SIPHONIDA, Woodward. 

Mantl(o lobcs more or less united; siphrlUs of varying lengths, either separate or united, art' 
developed; both adductor llluscle~ well developed. 

Family SOLENOMYIDJE, Gray. 

GENERA: Sol~no1nya, Lamarck; Clinopistha, Meek and Worthen; Phthonia, Hall. 

Family SANGUINOLITIDJE, Miller. 

GENERA: Prornac1'US, Meck; Sanguinolites, McCoy. 
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Family CYPRICARDINIIDM, (Provisional.) 

GENUS: UypricC/?'(iillia, Hall. 

Family CYRTODONTIDM, Ulrich. 

GENEHA: ? CY]J1'icrmliles, Conrad; C.'ITtoclollill, Billings; Ischyroc1on/a, Ulrich; Matheria, Billings; Urtonella, 
Ulrich. "rtyciwc7csmci, Hall; VWlllxcmia, Billings; Whitella, Ulrich. 

Suborder HOMOMYARIA. 

Mantle lobes either separate or united posteriorly. The two adductor muscles of nearly equal 
strength. 

Family ARCIDM, Lamarck. 

GgNErtA' CarbonaTw, Meek and Worthen; )J,1acrodon, Lycett; Nyassa, Hall; .~ Spenotus, IIall. 

Family P ARARCIDM, (PJovisional). 

GENEIlA: Cardiola, Broderip; Canliopsis, Meek and Worthen; Dexiobia, Winchell; Glyptocardia, Hall; 
Lwwlicardimn, Ml'tnst('r; Orcccanliurn, Herrick: Panenka, Barrande; Paracardium, Hall; 
Parana, Hall. 

Family NUCULID1E, Gray. 

GENE ItA : '! CliclopiLoTlIS, Hall; Cleno(/m,ta, Salter (Tellinornya, Hall); Goniodon, Herrick; Nucula, Lam
arck; Nuculwl({, Link; Nllculites, Conrad; Palceoneilo, Hall; ? Pyrenomceus, Hall; Yoldia, 
M[>lll'r, 

Family L YRODESMIDM, Ulrich. 

GENEIL<\.: Allodesma, Ulrich; Ischyrina, Billings; Lyrodesma, Conrad; Technophorus, Miller. 

Family TRIGONID.LE, Lamarck. 

GENERA: .~ Cythe1'Ocion, I-Jail; " Schizorll).s, King. 

Fumily UNIONID1E 

GENEItA: ~ Amnigenia, Hall; 'J Anthracosia, King; Prisconaia, Conrar1. 

Family EL YMELLIDJE, (Provisional). 

GENERA: Elymella, IIall; Glossites, Hall. 

Order SIPHONIDA, Woodward. 

Mantle lobes more or less unitec1; siphons of varying lengths, either separate or uniterl, arl' 
developed; both adductur muscles well developed. 

Family SOLENOMYID1E, Gray. 

GENEltA: Soleno1ll.ya, Lamarck; Clinopistha, Meek and Worthen; Phthonia, Hall. 

Family SANGUINOLITID1E, Miller. 

GENER A. : Promacl'us, Meek; Sanguinoliles, McCoy. 
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Family PHOLADELL1DLE, Miller. 

GENERA: Allorisma, King; Chamornya, Meek and Worthen; Cimitul'ia, nail; Pholwlella, Hall; Physe
tornya, Ulrich; Rhytimya, Ulrich. 

Family GRAMMYSIIDlE, Hall. 

GENERA: Onnearnya, Hall and Whitfield; Gramrnysifl, Dc Vnrncuil; ? Leptociolnus, McOoy; ? Sedgwiclcia, 
McOoy; P Sphenolium, Miller; Sap'or<l ill , Ulrich. 

Family ASTAHTlDlE. Gray. 

GENUS: Astartella, Hall. 

Family MEGALODONTIDlE, 7,ittel. 

GENERA: Megalodon, Sowerby; Megalomlts, Hall; ? PlethocarilifJ, Ulrich. 

Family LUCINIDlE, Deshayes. 

GENUS: Paracyclas, Hall. 

Family CYCLOCONCHIDlE, (Provisional). 

GENERA: ClIcloconcha, Miller; ? Anocioniopsis, McOuy. 

Family CONOCARDIIDlE, Miller. 

GENERA: Conocarciium, Brown; ? Eopterin, Billings; E,wIHIWrnrt, Billing's. 

Family CARDIOMORPHIDlE, Miller. 

GENERA: Cardiornorpha, Koninck; Edmontiia, Koninci{; /,'uthytles1Jw, I-Tall; Protomya, Hall. 

Family SOLENID1E, Adams. 

GENUS: Solenopsis, McOoy; Paiceosoien, Hall; ~) Ol'lhoncta, Conrad. 

Family P AL1EAN ATINIDlE, Miller. 

GENERA: Ilionia, Billings; Pala'anatina, Hall; Prorhynchu .• , Hall. 

Family PROTHYRIDlE, Hall. 

GlilNUS: Prothyris, Meek. 

The literature pertaining to L')wer Silurian Lamellibranchiata is not only 

meager but, in great part, unreliable. The principal cause for the latter is to be 

found in the want of experience of the authors, who, failing to understand the effects 

of pressure to which a large proportion of the shells have been subjected, have thrown 

together as identical widely different forms, and oftener, perhaps, distinguished the 

distorted specimens from those which have more nearly retained the normal form. 

The illustrations also are too often, if not entirely worthless, misleading. Here, more 

than in any other part of the study, the greatest care and experience are required. 

Entire and un distorted specimens are not by any means the rule, so that slight 
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restorations of the outline, if the figures are to be of real assistance in the identifi

cation of the species, are generally not only desirable but necessary. An absolutely 

correct reproduction of an imperfect specimen might be quite sufficient for the 

trained specialist, but not for the beginner. He requires all we can give him, and I 

know from experience that an approximation even to an "absolutely correct repro

duction" is anything but common among illustrations of early Lamellibranchiata. 

In the accompanying plates nearly all the specimens are represented as entire, 

but in each instance the fact of the restoration is mentioned or indicated by a 

fracture-like line. Respecting the drawings, I shall say only that they were in 

every case made by myself and with as great care and fidelity to nature as I could 

command. 

The synonomy of the species is scarcely as complete as I could wish, but as the 

volume must be kept within certain limits, and because it is in many instances at 

least doubtful that current identifications of the old species are really the same as 

the originals, I have restricted the synonomy to the citation of the first work con

taining a description and such of subsequent memoirs as added materially to our 

knowledge of the objects under consideration. Desiring also to save as much space 

as possible for general remarks, I have generally avoided what seemed unnecessary 

repetition by giving full descriptions of the principal species only. In characterizing 

the others I have depended chiefly upon comparisons, which, if they are complete, I 

hold to be more useful than bare descriptions. 

While the greater part of the northwestern material used was collected by myself, and is now part 
of my private cabinet, about one-fourth of the whole belongs to the survey museum, for which, as is shown 
by the museum register, the specimens were collected chiefiy by Prof. N. H. Winchell, Prof. C. L. Herrick, 
and Messrs. W. H. Scofidd and Charles Schuchert. For much of the remainder I am personally indebted 
to Mr. Scofield, who, with unusual generosity, allowed me to select anything I desired from his extensive 
pri vate collection of Minnesota fossils. I am under obligations also to Dr. C. H. Robbins, of Wykoff, Min
nesota, for several choice sp,~cimens from the Galena limestone of Filimore county; likewise to Prof. C. W. 
Hall, Mr. A. D. Meeds and Mr. A. H. Elftman for good specimens collected by them in the vicinity of 
Minneapolis. 
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Class LAMELLIBRANCHIATA. 
(PELECYPODA.) 

Family AMBONYCHIIDlE, Miller. 

Valves equal, very inequilateral; beaks prominent, terminal or nearly so; posterior 

cardinal region more or less alate; anterior side abruptly convex, with or without a 

byssal opening. Small cardinal and elongate posterior lateral teeth may be present 

or wanting. Posterior adductor impression large, bilobed (the upper part probably 

formed by a pedal muscle), situated above and behitid the center of the valves. 

Anterior adductor wanting or very small, situated in the umbonal region. Pallial 

line simple, strongly impressed in the anterior region, becoming obsolete near the 

anterior extremity of the hinge. 

This family is unquestionably a valid one, and readily distinguished from the 

Aviculidce with which its old genera are usually associated. In that family of shells 

the valves are always unequal and drawn out in front of the beaks into a distinct 

wing or lobe. The Ambonychiidce, on the contrary, are always equivalved and with

out an anterior wing, the situation of the beaks being approximately terminal. 

As may be seen from the scheme of classification on page 485, J have extended 

the limits of the family so as to include several genera that are very differently 

arranged by other authors. Thus Amphiccelia, Hall, is regarded as the type of a new 

family by Miller, while Whitfield has said that the genus is probably identical with 

Leptodomus, McCoy, and Meek and Worthen placed it near Pterinea. But, as I shall 

show in another work, AmphicO?lia possesses every essential character of the present 

family. Palceocardia, likewise founded by Hall upon a Niagara species, also is closely 

related to Ambonychia. Hall's Mytilarca and Plethomytilus again, can be shown, I 

believe, to be direct descendants of Lower Silurian types of this family and should 

not be placed with the Mytilidce. 

Genus AMBONYOHIA, Hall (emend. Ulrich). 

Ambonychia (part.), HALL. 1847. Pal. N. Y., vol. i, p. 163. Not Arnbonychia, Hall, 1859, Pal. N. 
Y., vol, iii, pp. 269 and 523; nor of American and European authors 
generally. 

Equivalved and profoundly inequilateral shells; valves ventricose, very thin, 

closing tightly all around; beaks full, strongly incurved. Surface with fine radiating 

strire, crossed by concentric growth lines and obscure undulations. Internally a thin 

plate passes vertically down from the anterior end of the hinge plate separating a 
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Class LAMELLIBRANCHIATA. 
(PELECYPODA.) 

Family AMDONYCHIIDJE, Miller. 

Valves equal, very inequilateral; beaks prominent, terminal or nearly so; posterior 

cardinal region more or less alate; anterior side abruptly convex, with or without a 

byssal opening. Small cardinal and elongate posterior lateral teeth may be present 

or wanting. Posterior adductor impression h1rge, bilobed (the upper part probably 

formed by a pedal muscle), situated above and behi~d the center of the valves. 

Anterior adductor wanting or very small, situated in the umbonal region. Pallial 

line simple, strongly impressed in the anterior region, becoming obsolete near the 

anterior extremity of the hinge. 

This family is unquestionably a valid one, and readily distinguished from the 

A ViCldida: with which its old genera are usually associated. In that family of sbells 

the valves are always unequal and drawn out in front of the beaks into a distinct 

wing or lobe. The Ambonychiida:, on the contrary, are always equivalved and with

out an anterior wing, the situation of the beaks being approximately terminal. 

As may be seen from the scheme of classification on page 485, J have extended 

the limits of the family so as to include several genera that are very differently 

arranged by other authors. Thus Amphiccelia, Hall, is regarded as the type of a new 

family by Miller, while Whitfield has said that the genus is probably identical with 

Leptodomus, McCoy, and Meek and Worthen placed it near Pterinea. But, as I shall 

show in another work, Amphiccelia possesses every essential character of the present 

family. Palruocardia, likewise founded by Hall upon a Niagara species, also is closely 

related to Ambonychia. Han's Mytilarca and Plethomytilus again, can be shown, I 

believe, to be direct descendants of Lower Silurian types of this family and should 

not be placed with tbe Mytilida:. 

Genus AMBONYOHIA, Hall (emend. Ulrich). 

Ambonychia (part.), HALL. 1847. Pal. N. Y., vol. i, p. 163. Not Arnbonychia, Hall, 1859, Pal. N. 
Y., vol, iii, pp. 269 and 523; nor of American and European authors 
generally. 

Equivalved and profoundly inequilateral shells; valves ventricose, very thin, 

closing tightly all around; beaks full, strongly incurved. Surface with fine radiating 

strirn, crossed by concentric growth lines and obscure undulations. Internally a thin 

plate passes vertically down from the anterior end of the hinge plate separating a 
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small lobe, immediately beneath and sometimes a little in front of the beaks, from the 

umbonal cavity. Hinge plate narrow, with a few ligament striations and two small 

oblique cardinal teeth; no lateral teeth. Muscular impressions and pallial line very 

faint. 

Type: A. bellistriata Hall. 
It will be seen that the foregoing description of this genus is, in many respects, 

widely different from that adopted by all preceding authors. Hall's original diag

nosis is, of course, too broad and on the whole indefinite, since it included species 
I 

which subsequent study proved to be quite different from the typical species. Again, 

the commonly accepted characterization of Arnbonychia, since the publication of 

Hall's notes on the genus in 1859, is Lased upon his A. radiata and not upon A. belli

striata, which, of all the species placed under Arnbonychia by him in 1847, alone is 

entitled to the distinction of being the type. Ambonychia, therefore, as generally 

understood, is synonymous with the group of shells which now propose to name 

Byssonychia, and quite distinct from Ambonychia as based upon A. bellistriata and A. 

orbicularis (Emmons), the two species first following the original description of the 
, 

genus. 
This new interpretation of the genus may produce some confusion, but it is 

necessitated by the rule of priority, which demands that when no type is mentioned 

the first species to follow the original description must be regarded as the type of 

the genus. Having then no alternative but to accept, A. bellistriata as the type, I 

have redefined the genus in accordance with the characters presented by that species 

and four others, A. orbicularis Emmons, A. plan'istriata Hall, A. ajfinis, n. sp., and A. 

amygdalina HaD, all of which, with the possible exception of the last, are unques

tionably congeneric. 

Compared with other members of the family, Ambonychia, as here understood, 

differs from Clionychia, Ulrich, in having a small lobe-like cavity beneath the beaks 

where, in that genus, there is a mere thickening of the margin of the valves. In 

casts of the interior the whole upper part of the anterior side of Clionychi(t is 

impressed to the edge of the valves, while in Arnbonychict the sa,me part presents ~ 

small protruding, vertically elongate lobe, separated from the anterior side of the 

rostral cavity by a sharply-impressed thin line. This lobe reminds one greatly of 

the anterior adductor impression of Vanuxernia, but I could not satisfy myself that 

it really lodged such a muscle. Other differences are that in Arnbonychia the valves 

are more ventricose and the umbones and beaks more strongly incurved, while the 

surface is marked not only concentrically but also radially. In Byssonychia there is 

a byssal opening in the anterior side and the hinge is strengthened by two or three 

slender pOf>terior lateral teeth. The Upper Silurian genus, Amphica:lia, Hall, may 
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be more nearly related to AmbonycMa than either of the genera mentioned. Certain 

it is that I find it more difficult to point out the distinguishing features than I did 

in those cases. The general appearance of the shells of the two genera (Arnbonyciti(( 

and Amphiccelia) is very similar, both in the matter of form and in their surface mark

mgs. The hinge also is very much the same in the two genera, the chief difference 

being that the area is wider in Amphicwlia. The greatest difference, however, seems 

to lie in the antero-cardinal region, where the margin of the latter is thickened, 

. cn,using casts of the interior to appear ~LS bro,ully impressed in this region. 

AMBONYCHIA PLANISTRIATA IJall. 

PLAT I, xxx V. FIGi'. iJ ,\,Iir] 4. 

Ambonychia planistriata HALL, ]8GI. I1ep't. Sup·t. Gcol. :Sur. Wi8., p. ::12. 

Shell obliquely acuminate-ovate or subrhomlwidal, ventricose, with the point of 

greatest convexity near the center of the antero-cardinal half. Upper half of anterior 

side somewhat flattened, nearly straight, sloping backward slightly, and more rapidly 

below, into the basal margin, which, with the greater part of the lJosterior edge, 

forms a semicircle; postero-cardinal margin subangular, hinge line straight, one

third or a little less shorter than the greatest length of the shell beneath, Beaks 

prominent, strongly incurved; umbones full and rounded; posterior cardinal slope 

concave. Surface marked by distinct, broad and shallow concentric undulations 

and fine radiating stri.:e, of which about twelve occur in 5 mm. at the margin of an 

average example. These strifE, which are flattened and separated by very narrow 

interspaces, are cancellated by another set of even finer concentric lines. Test very 

thin, hinge plate narrow, apparently with two cardinal teeth in each valve and no 

lateral teeth. In good casts of the interior the antero-cardinal lobe is sharply 

defined. 

This rare and beautiful :;pecies is readily distinguished from A. bellistriata Hall, 

and A. orbicularis Emmons, sp., by its concentrically undulated surface. In this 

feature it is like Clionychia undata Emmons, sp., but that form, aside from the fact 

that it has the characters of Clionychia, is less ventricose, of somewhat different 

shape and without radiating lines. For comparisons with A. a./finis Ulrich, see that 

species. 

Formation and locality.-From the" Lower Blue limestone" at Minl'ral Point and Deloit, Wiscon
sin, and the equivalent limestones at Cannon Falls, Minnesota, and Lee county, Illinois. 

Mus Reg. No. 8327. 
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that it has the characters of Clionychia, is less ventricose, of somewhat different 

shape and without radiating lines. For comparisons with A. aifinis Ulrich, see that 

species. 

Formation and locality.-From the" Lower Blue limestone" at Mim'ral Point and DelOit, Wiscon
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AMBONYOHIA BELLISTRIATA Hall. 

PLATE XXXV, FIGS. 1 and 2. 

Ambonychia bellistriatn HALL, 1847. Pal. N. Y., vol. i, p.163. Not Ambonychia bellistriata S. A. 
Miller, 1874, Cin. Quart. Jour. ScL, vol. i, p. 14. 

The Minnesota specimen illustrated on the accompanying plates differs slightly 

in its outline from .the original figures of the Sl?ecies given by Hall im. the work 

cited.* The hinge line is a trifle longer and the anterior side less uniformly curved. 

Still, I cannot for a moment doubt its specific identity with the types of the species, 

since it possesses all the more essential characters. The beaks and umbones are 

very prominent and strongly in.curved, and the radiating strim fine (about twelve or 

thirteen in 5 mm.) and apparently of the same character as in A. planistriata, except

ing that they show no traces of the fine concentric lines noticed in that species. 

Compared with A. planistriata the present species is found to differ in the relative 

narrowness and greater prominence of its umbones, and in wanting the shallow con

centric undulations, which are always a striking feature of that species. A. orbicu

laris is a more erect and rounded form, and not so ventricose. 

The name Ambonychia bellistriata occurs in all the published catalogues of the 

fossils of the Cincinnati group, but the species referred to in the lists is really a very 

different one. Indeed, it is a true member of the proposed genus Byssonychia. and 

closely related to the type of that genus, B. radiata Hall, sp. 

F01'mation and locality.-In the central part of the Trenton limestone at Middleville and Trenton 
Falls, New York; and in the middle Galena near Wykoff, Minnesota. 

AMBONYOHIA AFFINIS, n. sp. 

PLATE XXXV, FIGS. 5-7. 

This species or variety is mOl3t probably a later phase of A. planistriata Hall, 

and as it resembles that species very greatly it will be sufficiently characterized by 

pointing out the differences. Thus, the beaks and umbones are a little less tumid 

and the convexity of the shell correspondingly less. The shell is also a trifle more 

erect and rounder, the hinge line slightly shorter and the postero-cardinal margin 

more rounded. Finally, the concentric undulations are much more obscure. while 

the radiating strim are coarser, there being only eight in 5 mm. to twelve in the 

same space for that species. At first I thought the species might prove the same as 

A. orbicularis Emmons, sp., but a comparison with Hall's figures in vol. i of the Palm

ontology of New York, will show that the anterior side of the New York species is 

* An examination of the types of the species, which are now preserved in the American Mnse f N Y 1 C't 
proves that figs. 4a and 4b (on plate 36) are faulty in showing the radiatinO' lines stron"'er tha utm 0 1 e1w d ord{ hI y, 

. . fi . I '. ~ "n na ura. n ee , t ey 
lLre qUlte as strong III these gures as III t Ie magnified VIews of the surface represented in fig. 4d. 
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more prominent, giving it a more erect appearance than any of the other species 

referred to the genus. N or can I find that A. orbicularis ever has concentric undu
ations. 

Formation and locality.-Middle Galena, Weisbach's dam, near Spring Valley, Minnesota; also in 
Oarroll county, Illinois. 

Mus. Reg. No. 8343. 

AMBONYCHIA AMYGDALINA Hall. 

PLATE XXXV. FIGS. 8 and O. 

Ambonychia amygdalina HALL, 1847. Pal. N. Y., vol. i, p. 165. 

None of the specimens seen by me preserve the surface characters well enough 

to prove that this species was provided with radiating lines. Obscure traces of such 

strirn are to be made out on one of the casts of the interior, but the evidence is not 

sufficient for me to assert that they are what they seem. Still, it is highly probable 

that radiating strirn will be found on perfect specimens, in which case the species 

would stand very near A. bellistt'iata, differing from it, so far as we can now see, 

chiefly in its greater size, less in curved beaks, flatter anterior side and less angular 

postero-cardinal margin. 

The anterior lobe is longer, more sunken and less sharply defined in this species 

than in the others here referred to Ambonychia. 

Fo~mation and locality.-Mic\dle Galena of Goodhue county, Minnesota. The New York type of 
the species is credited to the Trenton limestone at Adams, Jefferson county. Billings also catalogues 
the species from the same horizon in Oanad9.. 

Genus CLIONYCHIA, Ulrich. 

Ambonychia (part.) HALL, 1847. Pal. N. Y., vo!. i, p. 163. 
Clionychia, ULmeR, 1892. American Geologist, vol. x, p. 97; Clionychia, MILLER, 1892. Ifirst Ap

pendix, N. A. Geol. and Pa!., p. 699. 

Shells equivalve, moderately convex, subalate posteriorly; beaks terminal, com

paratively small, not very prominent and but little incurved. Cardinal line straight, 

rather long, forming an angle of less than 90° with the anterior side. Surface marked 

concentrically only. No byssal opening, the margins closing tightly all around. 

Mus:mlar i1;npressions situated in the postero-ca,rdinal third, large, bilobed, the 

lower lobe much larger than the upper. Pallial line simple, extending from the 

posterior adductor to the rostral cavity. Hinge plate of moderate strength, without 

cardinal or lateral teeth, excavated longitudinally for a linear ligament. Upper 

part of anterior edge thickened, producing a more or less well-marked impression 

in this part of casts of the interior. Anterior pedal muscle attached a short distance 

behind the beaks. 

Type: Ambonychia lamellosa Hall. 
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This well marked genus embraces probably the simplest and earliest types of 

the family, from w hieh all the other genera descended. Yet, while a direct line to 

Mytilarca and PletllOmytilus seems obvious enough, I must confess my inability to 

bridge over the gap between the radially rihbed genera on the one hand-and these 

form a very natural and closely interrelated group-and those in which the surface 

is marked with concentric lines only, on the other. At present, therefore, the evi

dence favors the conclusion that in times preceding the Chazy there existed a more 

primitive type still that combined the chamcters of the two groups. 

Compared with AJY'bonychia, as here restricted, the present genus differs in its 

smaller umbones and less incurvec1 beaks, in wanting radiating striffi and in the 

structure of the anterior side, there being, instead of a clavicle-like plate or ridge 

beneath the beaks, a mere thickening of the margin, leaving a cavity or impression 

in the cast where that genus presents a small lobe. Mytilarca, Hall, which probably 

was not evolved till after the close of the Lower Silurian, is distinguished by its 

cardinal and posterior lateral teeth, and more oblique form. 

In the remarks following the original description of the genus I mentioned 

Arnbonycll'ia amygdalina Hall, as belonging here. This I now believe to have been 

an error. Respecting A. nitida and superba, described by Billings from Anticosti, 

and other concentrically marked species that have been referred to Arnbonychia, it 

may suffice to say that they are not congeneric with the types of that genus .. Their 

true relations cannot be established until we know something definite about their 

hinges. Some of the species in question are much like A. acutirostra and ap7uea, two 

species described by Hall from the Niagam rocks of Wisconsin and Illinois that 

should go with Mytilarca and not with Clionyckia. 

CLlONYCHIA LAMELLOSA JJall. 

PLATE XXXV. FIGS. 10-14. 

A.mbonychia lamellosa HALL, 181)1. Rept. Sup't. Geol. Sur. Wis., p. 31; WHITFIELD, 1882, Geol. 
Rep. Wi5., YOl. iv, p. 20.5. 

A.mbonychia attenuata HALL, 1861. Rep. Sup't. Geo1. Sur. Wis., p. 33; WnITFIELD, 1882, Geo1. 
Rep. Wis., vol. iv, p. 206. 

Shell obliquely suhquaclrangular or subovate in outline; hinge line straight, 

generally but little shorter than the length of the shell beneath; anterior margin 

nearly straight, sloping backward five to fifteen degrees from a vertical line, below 

curving rather rapidly into the strongly convex basal line; posterior margin more 

gently curved, joining the hinge line sometimes sharply at other times gradually. 

Valves rather strongly convex, most ventricose in the umbonal region and neal' the 

anterior side where the f-lope to the edge is abrupt; cardinal slope gentle, in some 

cases nearly fiat, in others distinctly concave. Beaks terminal, small, acutely 
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Olionychia nltlda.l 

attenuate in casts, generally curving slightly forward, projecting but little above 

the hinge and scarcely incurved. Beneath them the anterior side of casts presents 

a broad and often sharply-defined depression which, in extending downward, gradu

ally dies out at or a little beneath a point midway between the base and the hinge. 

Surface, especially near the free margins, marked with numerous, unequally dis

tributed concentric lines of growth, having the appearance, even on the casts, of 

being the edges of overlapping lamellm. Hinge plate rather strong, without teeth, 

the ligamental area wide and faintly striated. Muscular scar bilobed, situated almost 

entirely within the postero-cardinal third of the val ve. Pallial line simple, extend

ing up the anterior side apparently to the cavity of the beak. 

The form of this species seems to be quite variable, hut after a careful study of 

numerous specimens I have concluded that much of this supposed instability i:::; due 

to distortion through pressure. On the other hand, for the same reason, I found it 

utterly inpossible to detect really normal specific differences between the specimens 

which Hall in his original work and Whitfield in the later volume cited above have 

separated as two species under the names Ambonychia lamellosa and A. attenuata. 

According to my view the latter is founded upon specimens of the former whose 

original form was changed by pressure acting so as to decrease the diagonal or the 

vertical diameter of the valves, causing them to appear abnormally elongate. 

Whitfield's figure of A. attenuata, (op. cit. plate V, fig. 6) represents, instead of the 

left, most surely the right side of an obviously distorted specimen. It is a little 

surprising that a paleontologist of such wide experience as Prof. Whitfield should 

have failed to observe the evidences of distortion, and more so still, that he should 

mistake ODe valve for the other, especially of a specimen that preserves the posterior 

adductor scars. These we know are situated in the postero-cardinal third of the 

valves, but his error leads him so far astray that he asserts without qualification 

"they are situated near the anterior border or the valve." 

This species cannot be eonfounded with the associated Ambonychia planistriata 

Hall, but care is required in separating it from the two species of Clionychia next 

described. 

Formation and locality.-Lower Blue and Upper Duff limestones, Beloit, Mineral Point and Janes
ville, Wisconsin; Dixon, Illinois, and the upper part of the Trenton limestone at Minneapolis and St. 
Paul, Minnesota. 

Mus. Reg. Nos. 5676, 8314. 

CLIONYCHIA NITIDA, n. sp. 

PLATE XXXV. FIGS. 15 alld 16. 

This form is so much like the preceding (C. lamellosa) that it scarcely deserves 

specific recognition. Critica.lly compared it is found to differ in the following 
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Olionychia nitlda.l 

attenuate in casts, generally cUl'ving slightly forward, projecting but little above 

the hinge and scarcely incurved. Beneath them the anterior side of casts presents 

a broad and often sharply-defined depression which, in extending downward, gradu

ally dies out at or a little beneath a point midway between the base and the hinge. 

Surface, especially nea,r the free margins, marked with numerous, unequally dis

tributed concentric lines of growth, having the appearance, even on the casts, of 

being the edges of overlapping lamellm. Hinge lJlate rather strong, without teeth, 

the ligamental area wide and faintly striated. Muscular scar bilobed, situated almost 

entirely within the postero-cardinal third of the val ve. Pallial line simple, extend

ing up the anterior side apparently to the cavity of the beak. 

The form of this species seems to be quite variable, but after a careful study of 

numerous specimens I have concluded that much of this supposed instability is due 

to distortion through pressure. On the other hand, for the same reason, I founJ it 

utterly inpossible to detect really normal specific differences between the specimens 

which Hall in his original work and Whitfield in the later volume cited above have 

separated as two species under the ll<1meS Ambonychia lamellosa and A. attenuata. 

According to my view the latter is founded upon specimens of the former whose 

original form was changed by pressure acting so as to decrease the diagonal or the 

vertical diameter of the valves, causing them to appear abnormally elongate. 

Whitfield's figure of A. attenuata, (op. cit. plate V, fig. 6) represents, instead of the 

left, most snrely the right side of an obviously distorted specimen. It is a little 

surprising that a paleontologist of such wide experience as Prof. Whitfield should 

ha ve failed to observe the evidences of distortion, and more so still, that he should 

mistake one valve for the other, especially of a specimen that preserves the posterior 

addnctor scars. These we know are sitnated in the postero-cardinal third of the 

valves, but his error leads him so far astray that he asserts without qualification 

"they are sitnated near the anterior border of the valve." 

This species cannot be confonnded with the associated Ambonychia planistriata 

Hall, but care is required in separating it from the two species of Clionychia next 

described. 

Formation and locality.-Lower Blue and Upper DutJ limestones, Beloit, Mineral Point and Janes
ville, Wisconsin; Dixon, Illinois. and the upper part of the Trenton limestone at Minneapolis and St. 
Paul, Minnesota. 

Mus. Reg. Nos. 5676, 8314. 

CLIONYCHIA NITIDA, n. sp. 

PLATE XXXV, FIGS. 15 and 16. 

This form is so much like the preceding (C. lameUosa) that it scarcely de8erves 

specific recognition. Critically compared it is found to differ in the following 
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LOlionychia erecta-rhomboldea. 

respects: The umbonal slope is less defined, the whole surface being more uni

formly convex, the beaks not so attenuate and more incurved, and the concentric 

growth lines not nearly so sharp, much more numerous and more equal. Casts of 

the interior are almost smooth, and the shell substance must have been very thin. 

The anterior side also is less concave, the shell smaller and the valves proportionally 

a little more convex. 

Formation and locality.-Central part of the Trenton limestone at Minneapolis, Minnesota. 

lI-fU8. Reg. No. 5099. 

CLIONYCHIA ERECTA Hall. 

PLATE XXXV. FIGS. 17 and 18. 

Ambonychia erecta HALL, 1861. Rep. Sup't. Geol. Sur. Wis., p 3Z. 

This species also is exceedingly like C. lamellosa, and for a time I was inclined 

to question the :propriety of maintaining it. A more careful com parison, however, 

has revealed slight peculiarities that cause me now to view the separation with some 

favor. The valves of C. erect a are not so convex and more nearly square, the outer 

side being almost vertical and more produced below, the posterior side is straighter 

above and the postero-cardinal angle sharper. In all other respects the two forms 

are, so far as we can learn, identical. C. nitida is more oblique, its valves more 

convex and their surface markings finer. 

Formation and locality.-Trenton limestone Beloit, Wisconsin, anel Minneapolis, Minnesota. 

CLIONYCHIA RHOMl'lOIDEA Ulrich. 

PLATE XXXV, FIGS. 10 and 20. 

Clionychia rhomboidea UL1UCH, 18HZ. Amer. Geol., vol. x, p. 97. 

Shell, as seen in casts of the interior, of medium size, very oblique, rhomboidal 

in outline, the anterior and posterior and the dorsal and ventral margins subparallel. 

Dorsal edge nearly straight, likewise the posterior, the two lines meeting at an angle 

of about 1200
• Postero-ventral margin sharply curved, the ventral side gently convex 

and rounding almost uniformly up to the base of the anterior side, from whieh point 

the outline continues to the beaks in very nearly a straight line. Beaks terminal, 

small, pointed, projecting slightly above the hinge line, scarcely incurved. Umbonal 

ridge strongly convex, extending toward the postero-ventral extremity in a slightly 

curved direction, so that the slopes on the anterior and ventral sides are more abrupt 

than on the opposite sides. Point of greatest convexity a little in front of and above 
the middle. 

Interior with hinge plate rather wide and strong, and the anterior edges of the 

valves, for a short distance beneath the beaks, much thickened inwardly, the decay 
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LOllonychia erecta-l'homboldea. 

respects: The umbonal slope is less defined, the whole surface being more uni

formly convex, the beaks not so attenuate and more incurved, and the concentric 

growth lines not nearly so sharp, much more numerous and more equal. Casts of 

the interior are almost smooth, and the shell substance must have been very thin. 

The anterior side also is less concave, the shell smaller and the valves proportionally 

a little more convex. 

Formation and locality.-Central part of the Trenton limestone at Minneapolis, Minnesota. 

Mus. Reg. No. 5099. 

CLIONYCHIA ERECTA Hall. 

PLATE XXXV. FIGS. 17 and 18. 

Ambonychia erecta HALL, 1861. Rep. Sup't. Geol. Sur. Wis., p 32. 

This species also is exceedingly like C. lamellosa, and for a time I was inclined 

to question the :propriety of maintaining it. A more careful com paris on, however, 

has revealed slight peculiarities that cause me now to view the separation with some 

favor. The valves of C. erect a are not so convex and more nearly square, the outer 

side being almost vertical and more produced below, the posterior side is straighter 

above and the postero-cardinal angle sharper. In all other respects the two forms 

are, so far as we can learn, identical. C. nitida is more oblique, its valves more 

convex and their surface markings finer. 

Formation and locality.-Trenton limestone Beloit, Wisconsin, and Minneapolis, Minnesota. 

CLIONYCHIA RHOMBOIDEA Ulrich. 

PLATE xxxv, FIGS. 19 and 20. 

Clionychia rhomboi(lea ULIUCH, 18H2. Amer. Geol., vol. X, p. 97. 

Shell, as seen in casts of the interior, of medium size, very oblique, rhomboidal 

in outline, the anterior and posterior and the dorsal and ventral margins subparallel. 

Dorsal edge nearly straight, likewise the posterior, the two lines meeting at an angle 

of about 120 0

• Postero-ventral margin sharply curved, the ventral side gently convex 

and rounding almost uniformly up to the base of the anterior side, from whieh point 

the outline continues to the beaks in very nearly a straight line. Beaks terminal, 

small, pointed, projecting slightly above the hinge line, scarcely incurved. Umbonal 

ridge strongly convex, extending toward the postero-ventral extremity in a slightly 

curved direction, so that the slopes on the anterior and ventral sides are more abrupt 

than on the opposite sides. Point of greatest convexity a little in front of and above 
the middle. 

Interior with hinge plate rather wide and strong, and the anterior edges of the 

valves, for a short distance beneath the beaks, much thickened inwardly, the decay 
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of the shell leaving a dis~inct depression in the casts. Muscular scars large, situated 

about midway in the po::;tero-carJinal half of the valve, the two lobes united by <L 

narrow neck, the upper one oval in shape and about one-third as large as the more 

nearly circular lower one. 

The post.erior extremity is more produced and more narrowly curved than in the 

other species referred to this genus. 

Formation and locality.-Lower limestone of the Trenton formation at Minneapolis, Minnesota. 

Mus. Reg. No. 5526. 

CLIONYCHIA UNDATA Emmons. 

PLATE XXXV. FIGS. 21 and 22. 

Plerinea un data EMMONS, 1842. Geol. Report. New York, p. 3DG. 
Ambonychia un data HALL, 1847. Pal. New York, vol. i, p. 165. 

Shell subquadrate, cardinal margin long, straight, anterior side straight, nearly 

vertical, curving sharply backward below into the gently convex base, which in its 

turn curves rapidly upward into the broadly rounded posterior margin; antero

cardinal angle about 85°, postero-cardinal angle about 115°. Beaks prominent, 

attenuate, slightly incurved, with the umbones strongly convex, the anterior slope 

very abrupt, the rapidity of the descent becoming gradually less in following the 

margin around to the posterior extremity of the hinge, where it is very gentle; 

cardinal slope concave, becoming strongly so and very abrupt in nearing the beaks. 

Surface marked with broad concentric folds, which are strongest on the cardinal 

and umbonal slopes and fade away gradually in curving around to the anterior side. 

Immediately beneath the beaks the anterior side of a good cast of the interior 

presents a sharply defined lunule-like impression, which, having been occupied by 

an internal thickening of the margin of the valves, was scarcely indicated on the 

exterior of the shel1. Hinge plate narrow, muscular impressions undetermined. 

The above description is based upon the specimen illustrated on plate xxxv. 

It presents no evidence of distortion and seems to be in every re3pect in a good 

state of preservation. Comparing this example with Hall's description and figures 

of the New York types of the species we observe that it differs in several particular~ 

that might be regarded as important. The outline is more nearly quadrate, and the 

convexity of the valves less, giving a form that deviates from the figures of the 

N ew York speeimen precisely as C. erecta does from C. lamellosa. Hall also mentions 

the absence of a "definite lunette," while such an impression is distinctly present 

in the casts of the Minnesota specimens. Despite these differences I am almost 

confident of the specific identity of the latter and the types of the species, because I 

am inclined to doubt the actual existence of the discrepancies noticed. 
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of the shell leaving a dis~inct depression in the casts. Muscular scars large, situated 

about midway in the po::;tero-carJinal half of the valve, the two lobes united by ,L 

narrow neck, the upper one oval in shape and about one-third as large as the more 

nearly circular lower one. 

The post.erior extremity is more produced and more narrowly curved than in the 

other species referred to this gen us. 

Formation and locality.-Lower limestone of the Trenton formation at Minneapolis, Minnesota. 

Mus. Reg. No. 5526. 

CLIONYCHIA UNDATA Emmons. 

PLATE XXXV. FIGS. 21 :.Lnd 22. 

Pterinea un data E~UIONS, 1~42. Geol. Report. New York, p. 3UG. 
Ambonychia un data HALL, 1847. Pal. New York, vol. i, p. 165. 

Shell subquadrate, cardinal margin long, straight, anterior side straight, nearly 

vertical, curving sharply backward below into the gently convex base, which in its 

turn curves rapidly upward into the broadly rounded posterior margin; antero

cardinal angle about 85°, postero-cardinal angle about 115°. Beaks prominent, 

attenuate, slightly incurved, with the umbones strongly convex, the anterior slope 

very abrupt, the rapidity of the descent becoming gradually less in following the 

margin around to t he posterior extremity of the hinge, where it is very gentle; 

cardinal slope concave, becoming strongly so and very abrupt in nearing the beaks. 

Surface marked with broad concentric folds, which are strongest on the cardinal 

and umbonal slopes and fade away gradually in curving around to the anterior side. 

Immediately beneath the beaks the anterior side of a good cast of the interior 

presents a sharply defined lunule-like impression, which, having been occupied by 

an internal thickening of the margin of the valves, was scarcely indicated on the 

exterior of the shell. Hinge plate narrow, muscular impressions undetermined. 

The above description is based upon the specimen illustrated on plate xxxv. 

It presents no evidence of distortion and seems to be in every respect in a good 

state of preservation. Comparing this example with Hall's description and figures 

of the New York types of the species we observe that it differs in several particular~ 

that might be regarded as important. The outline is more nearly quadrate, and the 

convexity of the valves less, giving a form that deviates from the figures of the 

N ew York speeimen precisely as C. erecta does from C. lamellosa. Hall also mentions 

the absence of a "definite lunette," while such an impression is distinctly present 

in the casts of the Minnesota specimens. Despite these differences I am almost 

confident of the specific identity of the latter and the types of the species, because I 

am inclined to doubt the actual existence of the discrepancies noticed. 
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[Byssonychia. 

The broad undulations of the surface distinguish the species from the other 

shells referred to Clionychia. 

Formation and locality.-Middle Galena, Fillmore and Goodhue counties, ~innesota;. a8.soci~ted 
with Zygospira upharni W. and S., Vanuxemia abrupta Ulrich and L1:chas (Hoplolwhas) robbmst Ulnch. 
The original specimen is from the Trenton limestone at Watertown, New York. 

Genus BYSSONYCHIA, n. gen. 

Arnbonychia (part.), HALL, ]847. Pal. New York, vol. i, p. 163. . 
A1IIbonychiu, HALL, ]Sj9. Pal. New York, vol. iii, pp. 2(\9 and 523; also of all Amencan and 

European authors who have described that genus subsequen't to 
this date, 

General aspect as in Ambonychia, Hall, excepting that the beaks and umbones 

are not so full. A well-defined byssal opening in the upper half of the anterior 8ide. 

Hinge with a striated ligamental area, several small cardinal teeth and generally 

two or three slender lateral teeth near the posterior extremity. Posterior adductor 

impressions large, situated a little behind the center of the valves. Pallial line 

simple, terminating in the rostral cavity. 

Type: Ambonychia radiata Hall. (See fig. 35, VI, p. 477.) 

The erection of this genus became a necessity when a critical study of Ambony

chia bellistriata Hall, and several other species undoubtedly congeneric with that 

peculiar type of the genus Ambonychia, proved them to be without not only lateral 

teeth but a byssal opening as well. On the other hand Byssonychia has nothing like 

the anterior subrostral clavicle, while the external radiating costrn are nearly always 

stronger than in Ambonychia. We have, therefore. at least three ordinarily valid 

generic differences to separate the two genera. Indeed, there is room for one or 

more intermediate genera. Two very nearly such groups actually exist in the Cin

cinnati rocks and I hope to publish descriptions of them in the next (7th) report of 

the ~tate geologist of Ohio. One (Allonychia) will contain, besides the type, Ambony

cltia (Megmnbonia) Jamesi Meek, two new species. They are all more erect shells, 

possessing a protruding byssal opening, a short hinge with wide ligamental area, 

but neither cardinal nor lateral teeth. The other group (Eridonychia) is based upon 

several elongate new species, having but little incurved beaks, scarcely ventricose 

umbones, a long and narrow byssa,l opening, thin hinge plate and no teeth. 

Byssonychia is closely related to Anomalodonta, Miller, but is distinguished by its 

hinge, that genus having neither true lateral nor cardinal teeth. It is to be admitted, 

however, that in certain species, otherwise precisely like Byssonychia, the posterior 

lateral teeth are nearly or quite obsolete. Descriptions of these and other new 

species of this genus have been written for the Ohio work above mentioned. 

THE PALEONTOLOGY OF MINNESOTA. 
[Byssonychia. 

The broad undulations of the surface distinguish the species from the other 

shells referred to Clionychia. 

Formation and locality.-Middle Galena, Fillmore and Goodhue counties, ~innesota;. a8.soci~ted 
with Zygospira uphami W. and S., Vanuxemia abrupta Ulrich and V:chas (Hoplohchas) robbtnst Ulnch. 
The original specimen is from the Trenton limestone at Watertown, New York. 

Genus BYSSONYCHIA, n. gen. 

Ambonychia (part.), HALL, 1847. Pal. New York, vol. i, p. 163. . 
Ambonychia, HALL, 1839. Pal. New York, vol. iii, pp. 2li9 and 523; also of all AmerIcan and 

European authors who have described that genus subsequen'~ to 
this date. 

General aspect as in Ambonychia, Hall, excepting that the beaks and umbones 

are not so full. A well-d.efined byssal opening in the upper half of the anterior tlide. 

Hinge with a striated ligamental area, several small cardin::tl teeth and generally 

two or three slender lateral teeth near the posterior extremity. Posterior adductor 

impressions large, situated a little behind the center of the valves. Pallial line 

simple, terminating in the rostral cavity. 

Type: Arnbonychia radiata Hall. (See fig. 35, VI, p. 477.) 

The erection of this genus became a necessity when a critical study of Ambony

chia bellistriata Hall, and several other species undoubtedly congeneric with that 

peculiar type of the genus Amuonychia, proved them to be without not only lateral 

teeth but a byssal opening as well. On the other hand Byssonychia has nothing like 

the anterior subrostral clavicle, while the external radiating costffi are nearly always 

stronger than in Ambonychia. We have, therefore. at least three ordinarily valid 

generic differences to separate the two genera. Indeed, there is room for one or 

more intermediate genera. Two very nearly such groups actually exist in the Cin

cinnati rocks and I hope to publish descriptions of them in the next (7th) report of 

the state geologist of Ohio. One (Allonychia) will contain, besides the type, Ambony

cltia (Megmnbonia) jamesi Meek, two new species. They are all more erect shells, 

possessing a protruding byssal opening, a short hinge with wide ligamental area, 

but neither cardinal nor lateral teeth. The other group (Eridonychia) is based upon 

several elongate new species, having but little incurved beaks, scarcely ventricose 

umbones, a long and narrow byssal opening, thin hinge plate and no teeth. 

Byssonychia is closely related to Anomalodonta, Miller, but is distinguished by its 

hinge, that genus having neither true lateral nor cardinal teeth. It is to be admitted, 

however, that in certain species, otherwise precisely like Byssonychia, the posterior 

lateral teeth are nearly or quite obsolete. Descriptions of these and other new 

species of this genus have been written for the Ohio work ::tbove mentioned. 
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'rhe Ambonychia intermedia Meek and Worthen, of the Galena, seems to be the 

earliest species of Byssonychia now known. Perhaps contemporaneous with thi~ is a 

form, occurring in the Trenton of Kentucky and Tennessee, that is scarcely distin

guishable from the Hudson River B. radiata. Nine or ten additional species, of 

which two only are described (A. retrorsa and 'robusta, of Miller) occur in the Hudson 

River and Cincinnati rocks. So far as known the genus became extinct with the 

close of the Lower Silurian. 

DYSSONYCHIA INTERMEDIA ]feek and rVorlhen. 

PLA'fE xxxv, FIGS, 2:3-26, 

A1nbonychia interrnedia M~~El( ami WOItTJIEN, 1868. G(~ol. Sur. Ill., vol. iii, p, aOG, 

Shell small, rhombic-subovate, the length and hight about as eleven is to fourteen; 

,gibbous in the umbonal, anterior and central regions, compressed and subalate postero

dorsally, Hinge line a little shorter than the greatest antero-posterior diameter of 

the valves, ranging at an angle of about 90° with the anterior margin. Anteriur side 

truncated nearly vertically above, below rounding backward into the base, the outline 

around the lower two-fifths of the shell forming nearly a regular semicircle. Poste

rior margin straightened above or rounding regularly into the hinge line. Beaks 

prominent, full, obtusely pointed, strongly incurved with a :;,light forward direction. 

Internal casts are somwhat excavated in the upper part of the front in the space 

surrounding the small byssal opening, and between the latter and the points of the 

beaks there is a small protuberance representing the filling of a little cavity at the 

extremity of the hinge plate. Surface marked by rather fine radiating plications, 

the total number, as near as can be determined from casts, being between forty-five 

and fifty. They are coarser on the ventral slope than on the posterior wing, al ways 

simple and increase in strength with the growth of the shell. On large casts the 

costa; are not defined except at the free margins, the rest of the surface being smooth. 

Muscular scar and pallial line unusually obscure, their positions and form not 

certainly determined. 

This little shell is a true Bysson!Jchiet and quite different from Ambonychia belli

striata Hall, with which Meek and Worthen compare it. It is related to the follow

ing species, but a nearer ally is found in the B. vera Ulrich, of the lower part of the 

Cincinnati exposures. That species, of which an excellent internal cast is figured on 

page 479 (fig, 36, pI. V), is less gibbous, more oblique and has smaller beaks, while 

the muscular scars and pallial line are usually more distinctly impressed. 

Forrnation and locality.-Galena limestone, Mount Oarroll, Illinois; Oshkosh, Wisconsin, and near 
Wykoff, Minnesota. 

Mus. Reg. No. 8359. 

ByssonyciJia inLerrnedia.] 
LAMELLIBRANCHIATA. 4~~ 

'fhe Ambonychia intermedia Meek and Worthen, of the Galena, seems to be the 

earliest species of Byssonychia now known. Perhaps contemporaneous with this is a 

form, occurring in the Trenton of Kentucky and Tennessee, that is scarcely distin

guishable from the Hudson River B. radiata. Nine or ten additional species, of 

which two only are described (A. retrorsa and 'robusta, of Miller) occur in the Hudson 

River and Cincinnati rocks. So far as known the genus became extinct with the 

close of the Lower Silurian. 

IhsSONYCHIA INTERMEDIA lJfee/;; and TYortllen. 

PLATE XXXV, FIGS, 2:3-20, 

..:'1mbonychia intermedia MEEl( ami WOItTJIEN, 1858. G(~()l. Sur. 111., vol. iii, p. aO(j, 

Shell small, rhombic-subovate, the length and hight about as eleven is to fourteen; 

.gibbous in the umbonal, anterior and central regions, compressed and subalate postero

dorsally. Hinge line a little shorter than the greatest antero-posterior diameter of 

the valves, ranging at an angle of about 90° with the anterior margin. Anterior side 

truncated nearly vertically above, below rounding backward into the base, the outline 

around the lower two-fifths of the shell forming nearly a regular semicircle. Poste

rior margin straightened above or rounding regularly into the hinge line. Beaks 

prominent, full, obtusely pointed, strongly incurved with a :;,light forward direction. 

Internal casts are somwhat excavated in the upper part of the frout in the space 

surrounding the small byssal opening, and between the latter and the points of the 

beaks there is a small protuberance representing the filling of a little cavity at the 

extremity of the hinge plate. Surface marked by rather fine radiating plications, 

the total number, as near as can be determined from casts, being between forty-five 

and fifty. They are coarser on the ventral slope than on the posterior wing, al ways 

simple and increase in strength with the growth of the shell. On large casts the 

costrn are not defined except at the free margins, the rest of the surface being smooth. 

Muscular scar and pallial line unusually obscure, their positions and form not 

0ertainly determined. 

This little shell is a true Bysson!Jchia and quite different from Ambonychia belli

striata Hall, with which Meek and Worthen compare it. It is related to the follow

ing species, but a nearer ally is found in the B. vera Ulrich, of the lower part of the 

Cincinnati exposures. That species, of which an excellent internal cast is figured on 

page 479 (fig, 36, pI. V), is less gibbous, more oblique and has smaller beaks, while 

the muscular scars and pallial line are usually more distinctly impressed. 

Formation and locality.-Ga1ena limestone, Mount Carroll, Illinois; Oshkosh, Wisconsin, and near 
Wykoff, Minnesota. 

Mus. Reg. No. 8359. 
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lByssonychia tenuistriata . 

BYSSONYCHIA TENUISTRIATA, n. sp. 

Fig. 39. Byssonychia tenuis/data, n. sp. Hudson River group, Granger, Minnesota. The right side 
and a front view of an imperfect cast of the the interior. Mus. Reg. No. 8371. 

Shell rather small, subovate, moderately ventricose in the umbonal region and 

anterior half, compressed in the postero-cardinal region where ,the surface is dis

tinctly concave; anterior slope strongly convex, but scarcely abrupt; beaks small,' 

projecting but little, moderately incurved. Hinge line comparatively short, the 

ontline passing rather gently into the broadly-rounded posterior margin; basal line 

strongly convex, curving uniformly into the ends; anterior side slightly concave 

above, neatly convex below. Byssal opening small, its position high, it and the 

surface around it appearing in casts as a distinct impression immediately beneath 

the beaks. burface marked with very fine radiating striffi and obscure concentric 

varices of growth, both showing through the marginal parts of the shell, so as to be 

vi8ible on good casts of the interior. The total number of the radiating striffi is 

probably more than seventy. Near the base of the specimen figured eleven were 

counted in the space of 5 mm. 

This species is closely related to B. vera Ulrich, (see ante p. 479, fig. 36, V) 

from the Utica horizon of the Cincinnati group of Ohio, differing from it chiefly in 

its finer radiating strim and more impressed byssal opening. B. intermedia M. and 

W., of the Galena, has coarser striffi and is a more ventricose shell. 

Formation and lucality.-Rare in the upper part of tho Hudson River rocks at Granger and Spring 
Valley, Minnetlota, and in an equivalent position at Richmond, Indiana. 

Mus. Reg. Nos. 8370. 8371. 

Family MODIOLOPSIDJE, n. fam. 

Shell equivalved, usually elongate ovate, but varying to oblong subquadrate, 

generally thin; valves fitting closely or gaping slightly at one or both ends. Beaks 

near the anterior end, but never terminal. Hinge long, of variable strength, edentu

Ions or with one or two cardinal teeth in one or both valves. Ligament long, linear, 

external and internal. Anterior adductor impressions rather large and distinct, 

situated between the beaks and the anterior extremity; above them a very small 
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BYSSONYCHIA TENUISTRIATA, n. sp. 

Fig. :.lU. Byssonychia tenuisi1'iatu, n. sp. Hudsun River group, Granger, Minnesota. The right side 
and a front view of an imperfect cast of the the interior. Mus. Reg. No. 8371. 

Shell rather small subovate moderately ventricose in the umbonal region and , , 
a,nterior half, compressed in the postero-cardinal region where the surface is dis

tinctly concave; anterior slope strongly r,onvex, but scarcely abrupt; beaks small, 

projecting but little, modemtely incurved. Hinge line comparatively short, the 

outline passing rather gently into the broadly-rounded posterior margin; basal line 

strongly convex, curving uniformly into the ends; anterior side slightly concave 

above, neatly convex below. Byssal opening small, its position high, it and the 

surface around it appearing in casts as a distinct impression immediately beneath 

the beaks. ~urface marked with very fine radiating strim and obscure concentric 

varices of growtb, both showing through the marginal parts of the shell, so as to be 

visible on good casts of the interior. The total number of the radiating skim is 

probably more than seventy. N ear the base of the specimen figured eleven were 

counted in the space of 5 mm. 

This species is closely related to B. vera Ulrich, (see ante p. 479, fig. 36, V) 

from the Utica horizon of the Cincinnati group of Ohio, differing from it chiefly in 

its nner radiating strim and more impressed byssal opening. B. intermedia M. and 

W., of the Galena, has coarser strim and is (1, more ventricose shell. 

Funnation and lucality.-Ranc in the upper part of the HUdsun River rocks at Granger and Spring 
Valley, Minnesota, and in an e(luivalent pusition at Richmond, Indiana. 

Mus. Reg. Nos. 8370. 8371. 

Family MODIOLOPSIDJE, n. fam. 

Shell equi val ved, usually elongate ovate, but varying to oblong subquadrate, 

generally thin; valves fitting closely or gaping slightly at one or both ends. Beaks 

near the anterior end, but never terminal. Hinge long, of variable strength, edentu

lous or with one or two cardinal teeth in one or both valves. Ligament long, linear, 

external and internal. Anterior adductor impressions rather large and distinct, 

situated between the beaks and the anterior extremity; above them a very small 
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pedal muscle scar. Posterior adductors large, very faintly impressed, situated less 

than their diameter from the posterior extremity of the hinge. Pallial line simple. 

Inner side of valves usually with one or two obtuse ridge-like thickenings extending 

from the beaks obliquely backward toward the center of the ventral margin. 

Of the various genera included in this family in the scheme of classification on 

page 485, I am satisfied that some of those preceded by a question mark will be sooner 

or later placed elsewhere. No more satisfactory arrangement having suggested itself, 

they were referred here, because their known characters agree with one or another 

of the more typical genera. Thus, Ar'isterella, aside from its unequal valvetl, 

compares favorably with Eurymya, Cypricardella seems to be related to Modlo

.morpha, and Endodesma to Modiolopsis and Cymatonoia, while Psiloconcha, in a general 

way, resembles Actinomya. But of Pyanomya too little is known to venture an 

opinion as to its ultimate placement, the only excuse for recognizing the genus in 

this connection being that it would be even more out of place in any of the other 

families. The position of Prolobella also is quite uncertain. 

Some of the species of Modiolopsis remind us so strongly of Modiola and Myoconcha 

that we can scarcely escape the conviction that the latter genera, which are placed 

respectively in the families Mytilidce and Prasinidce by Stoliczka and Zittel, have 

really descended from Modiolopsis. Still, I am of the opinion that the paleozoic 

types constitute a more natural grouping by themselves than can be attained by 

any of the courses adopted heretofore. The position usually assigned to Modiolopsis 

is near Modiola in the family Mytilidce, but Stoliczka and Zittel see greater resem

blances with Myoconcha and therefore regard the genus as an early type of the 

Prasinidce. But both of these families, the first in partiular, seem to me to include 

heterogeneous material, and if they were revised according to the genesis of the 

Lam ellibran chiata, I have no doubt their limits would be greatly modified. 

The first reason to influence me for the separation of Modiolopsis from the 

Mytilidce occurred during a comparison with Myalina, Koninck, a genus that, while 

it seems to be very justly associated with Mytilus, has no relation to _Modiolopsis. 

Indeed, according to my view, the progenitors of Myalina are to be sought for 

.. among the Am bonychiidce. 
Next, a comparison with recent species of Modiola proved that while a-general 

resemblance obtained there were still certain features in which the genera here 

classed as the Modiolopsidce agreed thoroughly among themselves and differed from 

Modiola. Thus, in the latter, and the same is true of all the Mytil-idce, the anterior 

adductor impression is alway::; smaller and the posterior one situated farther from 

the cardinal margin as well as of a shape, including the prolongation formed by the 

pedal muscles, never seen in the paleozoic shells under consideration. On the whole 
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they were referred here, because their known characters agree with one or another 
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this connection being that it would be even more out of place in any of the other 
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respectively in the families MytilidCE and PrasinidCE by Stoliczka and Zittel, have 

really descended from Modiolopsis. Still, I am of the opinion that the paleozoic 

types constitute a more natural grouping by themselves than can be attained by 

any of the courses adopted heretofore. The position usually assigned to JJfodiolopsis 

is near Modiola in the family MytilidCE, but Stoliczka and Zittel see greater resem

blances with Myoconcha and therefore regard the genus as an early type of the 

Prasinidce. But both of these families, the first in partiular, seem to me to include 

heterogeneous material, and if they were revised according to the genesis of the 

Lamellibranchiata, I have no doubt their limits would be greatly modified. 

The first reason to influence me for the separation of Mo(li:olopsis from the 

Mytilidce occurred during a comparison with Myalina, Koninck, a genus that, while 

it seems to be very justly associated with Mytilus, has no relation to J..~Iodiolopsis. 

Indeed, according to my view, the progenitors of Myalina are to be sought for 

til among the Arnbonychiidce. 

Next, a comparison with recent species of Modiola proved that while a general 

resemblance obtained there were still certain features in which the genera here 

classed as the Modiolopsidce agreed thoroughly among themsel yes and differed from 

Modiola. Thus, in the latter, and the same is true of all the lJfytil'idce, the anterior 

adductor impression is always smaller and the posterior one situated farther from 
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the configuration of these parts in the latter is much more like what we see in the 

Crytodontidce. Another feature in which the Modiolopsida: resem ble the Cyrtodontidce, 

and. one that, so far as 1 am aware, has never been noticed in JJlodiola nor Mytilus, 

is the presence on the inner surface, at any rate of all the thick shells, of one or two 

obtuse ridges extending from the beaks obliquely backward and toward the ventral 

margin, producing corresponding more or less well-marked furrows on casts of the 

interior. 

Finally, there is to be urged that it is only a few shells, like Jfodiolvpsis modio

laris and JYf. concentrica, in which the anterior end is narrow and unusually short, 

and a byssal sinus present, that exhibit any striking resemblances to either Modiola 

or Myoconcha. Noone would, 1 believe, say this of elongate shells like M. arguta and 

JJ1. angustat((, and when it comes to Orthodesma, which can be shown to have origin

ated in the same stock that produced Modiolopsis, all agree in removing that genus 

far from the MytilidlF. 

The many points of agreement that may be noticed between the JJlodiolopsida: 

and the Cyrtoclontidce probably indicate a close union of the two groups in times 

preceding the Chazy; but, as far back as our knowledge now extends, there prevailed 

at least one important distinguishing feature. Namely, there existed a difference in 

the shell structure which, though its exact nature is unknown, is nevertheless clearly 

evidenced by the appearance of the two groups of fossils when they are preserved in 

soft shales, the shells of the former always being covered by a black or dark film 

never seen on the latter. 

Genus MODIOLOPSIS, Hall. 

Madia/apsis (part.), HALL, 1847. Pal. New York, vol. i, p. 157. 

Shell more or less elongate, usually subovate, widest posteriorly; valves moder

ately ventricose, closing tightly all around. Beaks small, near the anterior extremity; 

umbones depressed by a flattening or depression which crosses the valves obliquely 

and widening causes a straighteuing or sinuation of the basal outline. Hinge of 

moderate strength, rarely straight, generally somewhat arcuate, without well-marked 

teeth; an obscure oblique thickening beneath the beak of one valve and a corres

ponding depression in the other occasionally distinguishable. Ligaments linear, 

external and internal,· chiefly the former. Anterior adductor impression subovate, 

large, deep, sharply defined on the inner side, occupying the greater part of the small 

anterior end. Posterior scar very faintly impressed, large, sub circular, situated near 

the center of the posterior third of the cardinal slope. Pallial line simple. Anterior 

pedal muscle forming a minute pit in the under side of the hinge plate beneath the 

beak. Posterior pedal muscles large, attached just above and in front of the adductor .. 
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the configuration of these parts in the latter is much more like what we see in the 
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and a byssal sinus present, that exhibit any striking resemblances to either Modiola 
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M. angustata, and when it comes to Orfhodesma, which can be shown to have origin
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far from the Mytilidlf/. 

The many points of agreement that may be noticed between the Modiolopsidce 

and the Cyrtoclontidcf? probably indicate a close union of the two groups in times 

preceding the Chazy; but, as far back as our knowledge now extends, there prevailed 

at least one important distinguishing feature. Namely, there existed a difference in 

the shell structure which, though its exact nature is unknown, is nevertheless clearly 

evidenced by the appearance of the two groups of fossils when they are preserved in 

soft shales, the shells of the former always being covered by a black or dark film 

never seen on the latter. 

Genus MODIOLOPSIS, Hall. 

Madia/opsis (part.), HALL, 1847. Pal. New York, vol. i, p. 157. 

Shell more or less elongate, usually subovate, widest posteriorly; valves moder

ately ventricose, closing tightly all around. Beaks small, near the anterior extremity; 

umbones depressed by a flattening or depression which crosses the valves obliquely 

and widening causes a straightening or sinuation of the basal outline. Hinge of 

moderate strength, rarely straight, generally somewhat arcuate, without well-marked 

teeth; an obscure oblique thickening beneath the beak of one valve and a corres

ponding depression in the other occasionally distinguishable. Ligaments linear, 
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the center of the posterior third of the cardinal slope. Pallial line simple. Anterior 

pedal muscle forming a minute pit in the under side of the hinge plate beneath the 

beak. Posterior pedal muscles large, attached just above and in front of the adductor. 
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Type: M. modiolaris Conrad, sp. 

As here restricted and defined, this genus constitutes a well-marked group of 

lower paleozoic shells. The oldest specie~, so fiLr as known, occur in the Birdseye 

and Black Hiver divisions of the Trenton formation. Some of these are of an oval 

type that, by gradual modifications of the base, evol ved species of the JJ1.. modiolaris 

type. At the same time there existed elongate forms like JJ1.. arguta, having so much 

in common with Orthodesma that we cannot doubt that they indicate the primitive 

stock from which Modiolopsis and Orthodesma were evolved. The M. arguta line 

continued and formed ,a reasonably complete chain through M. nana, M. mytiloides 

Hall, M. angustata, and one or two undescribed species of the middle beds of the 

Cincinnati group, into M. concentrica H. and W., a common specie:,; of the upper part 

of that series of rocks in Ohio and Indiana, and into M. excellens from equivalent 

strata in Minnesota. In this case the form was shortened, the anterior end particu

larly. In the M. modiolaris line, however, the changes were different. Here we may 

begin with M. similis, an oval form with the posterior end broadly rounded and widest. 

This seems to have gone over into an upper Trenton species (M subrecta Ulrich, Ms.) 

having a much narrower posterior end-indeed, the back and base are nearly parallel. 

We next follow the type by easy stages through varieties occurring in the Utica 

horizon to the normal form of JYI. modiolaris. Much indeed might be said upon these 

not only interesting but important questions of evolution, and nothing would please 

me more than to be allowed to demonstrate the positions here outlined. But time 

and space are Jacking, and the few points made are offered chiefly ill the hope that 

the suggestions may stimulate students to researches in similar lines. The field is 

inviting and the results to be obtained all important. 

The relations of the genus to the other genera of the family treated of in this 

chapter will be discussed in the remarks following their descriptions. 

No comparison of Modiolopsis and JJ1.odiomorpha, Hall, has, so far as I can learn, 

ever been published. This is strange, since the species of the two genera are strik

ingly similar. As a rule it seems they are regarded as differing widely, but in what 

respects we are not informed. Mr. S. A. Miller, for instance, places them into two 

distinct families, but fails to state his grounds for the separation.* A mistaken idea 

seems to prevail-where it originated I cannot say-that the hinge of Modiolopsis 

has lateral teeth, and this is given as the principal difference between the two genera 

by Nettleroth.-/-
Now, let us see what differences really exist between them. Taking Modiomorpha 

concentrica as representative of the Devonian genus, we find that, so far as external 

characters are concerned, it would pass very well for a species of lvfodiolopsis. Even 
* North American Geology and Palmontology, p. 45~; 1889 . 
. ~ Kentucky Fossil Shells, p. 216; 1889. 
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lower paleozoic shells. The oldest specie~, so far as known, occur in the Birdseye 

and Black l-tiver divisions of the Trenton formation. Some of these are of an oval 

type that, by gradual modifications of the base, evol ved species of the M. modiolaris 

type. At the same time there existed elongate forms like M. arguta, having so much 

in common with Orthodesma that we cannot doubt that they indicate the primitive 

stock from which Modiolopsis and Orthodesma were evolved. The M. (ft'guta line 

continued and formed ,a reasonably complete chain through M. nana, M. mytiloides 

Hall, M. angustata, and one or two undescribed species of the middle beds of the 

Cincinnati group, into M. concentrica H. and W., a common specie:,; of the upper part 

of that series of rocks in Ohio and Indiana, and into M. excellens from equivalent 

strata in Minnesota. In this case the form was shortened, the anterior end particu

larly. In the M. modiolaris line, however, the changes were different. Here we may 

begin with M. similis, an oval form with the posterior end broadly rounded and widest. 

This seems to have gone over into an upper Trenton species (M. subrecta Ulrich, Ms.) 

having a much narrower posterior end-indeed, the back and base are nearly parallel. 

We next follow the type by easy stages through varieties occurring in the Utica 

horizon to the normal form of JYI. modiolaris. Much indeed might be said upon these 

not only interesting but important questions of evolution, and nothing would please 

me more than to be allowed to demonstrate the positions here outlined. But time 

and space are Jacking, and the few points made are offered chiefly ill the hope that 

the suggestions may stimulate students to researches in similar lines. The field is 

inviting and the results to be obtained all important. 

The relations of the genus to the other genera of the family treated of in this 

chapter will be discussed in the remarks following their descriptions. 

No comparison of Modiolopsis and Modiomorpha, Hall, has, so far as I can learn, 

ever been published. This is strange, since the species of the two genera are strik

ingly similar. As a rule it seems they are regarded as differing widely, but in wha.t 

respects we are not informed. Mr. S. A. Miller, for instance, places them into two 

distinct families, but fails to state his grounds for the separation.* A mistaken idea 

seems to prevail-where it originated I cannot say-that the hinge of Modiolopsis 

has lateral teeth, and this is given as the principal difference between the two genera 

by N ettleroth.-;-

Now, let us see what differences really exist between them. Taking Modiomorpha 

concentrica as representative of the Devonian genus, we find that, so far as external 

characters are concerned, it would pass very well for a species of Modiolopsis. Even 
* North American Geology and l'ah:eontology, p. 458; 1889. 
t Kentucky Fossil Shells, p. 216; 1889. 
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its interior, in a casual glance, would pass, there being the same large and deeply

impressed anterior adductor scar, and nearly every feature with which those conver

sant with species of Modiol,)psis are familiar. rrhe exception is in the hinge, which 

is found to have a slightly oblique fold or tooth over the muscular scar in the left 

valve and a corresponding groove in the right. In true Modiolopsis this tooth i:,; 

\\'anting, or rather, it is but little developed, since an obscure thickening of the hinge 

plate between the muscular impression and the beak is noticeable in many species 

of Modiolopsis. Another feature is observed in Modiomorpha concentrica that may be 

of importance. Namely, the hinge plates posterior to the beaks are wider than in 

any Modiolopsis known. They extend inwardly and at the same time diverge, probably 

for the reception of a strong internal ligament, the removal of the thin plate leaving 

a sharp slit a little within the cardinal edge of casts of the interior. The value 

of the character is to be tested only by its persistence in other species referred to 

Mocl1'omorpha. It is a matter worthy of being looked into, for it must be admitted 

that another difference between Modiolopsis and JJlodiomorpha, besides the only one 

now recognizable, is, to say the least, desirable. 

Of the numerous species which have been placed in this genus many proved 

distinct when subjected to critical study. Others look doubtful, but must remain 

here for want of material to determine their relations. Of those to be removed some 

fall under the new genera about to be proposed. Thus, M. plana Hall, M. alaia Ulrich 

and perhaps M. truncata Hall, belong to Eurymya; M. oviformis Ulrich, to Modiolodonj 

J11. subelliptica Ulrich, to Allodesma; M. et"ncinnatiensis Hall and Whitfield, JJ1. pulchella 

Ulrich, M. canceZZata Walcott, JJ1. oblonga Ulrich, M pholad1formis Hall, and M. superba 

Hall to Actinornya)' M. gesneri Billings and M. trentonensis Hall, to Endodesma. M. 

nasuta Conrad, sp., and M. subnasuia Meek and Worthen, belong to Orthodesrna, Hall 

i1nd Whitfield, and M. carinata Hall, possesses all the essential characters of Goni

oplwra, Phillips. Of Upper Silurian species M. recta Hall, from the Niagara of Wis

c01l8in, is a Ma.theria, while the M. dicteus of the same author and locality, and M. 

]Jrimigenia Conrad, sp., of the Medina, have slender cardinal and posterior lateral 
teeth of the Cyrtodonta type. 

MODIOLOPSIS SIMILIS Ulrich. 

PLATE XXXVI, FIGS. 1 and 2; PLATE XLII, FIG. 19. 

]892. ltlodi%psis similis ULRICH. Nineteenth Ann. Report, Geol. Nat. Rist. Sur. Minn., p. 225. 

Shell of medium size, obliquely elongate ovate, highest in the posterior half, 

contracted at the beaks to between one-half and three-fifths of the greatest hight. 

Hinge line nearly straight, about half as long as the shell posterior to the beaks. 

Anterior end small, neatly rounded; ventral margin gently convex, nearly straight 
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its interior, in a casual glance, would pass, there being the same large and deeply

impressed anterior adductor scar, and nearly every feature with which those conver

sant with species of JJfociiolf)psis are familiar. The exception is in the hinge, which 

is found to have a slightly oblique fold or tooth over the muscular scar in the left 

valve and a corresponding groove in the right. In true Modiolopsis this tooth i8 

\Yanting, or rather, it is but little developed, since an obscure thickening of the hinge 
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of Modiolopsis. Another feature is observed in Mod-iomorpha concentrica that may be 

of importance. Namely, the hinge plates posterior to the beaks are wider than in 

any Modiolops-is known. They extend inwardly and at the same time diverge, probably 

for the reception of a strong internal ligament, the removal of the thin plate leaving 

a sharp slit a little within the cardinal edge of casts of the interior. The value 

of the character is to be tested only by its persistence in other species referred to 

MocHomorpha. It is a matter worthy of being looked into, for it must be admitted 

that another difference between Modiolopsis and Mod-iomorpha, besides the only one 

now recognizable, is, to say the least, desirable. 

Of the numerous species which have been placed in this genus many proved 

distinct when subjected to critical study. Others look doubtful, but must remain 

here for want of material to determine their relations. Of those to be removed some 

fall under the new genera about to be proposed. Thus, M. plana Hall, M. alata Ulrich 

and perhaps M. truncata Hall, belong to Eurymya; M. oviform-is Ulrich, to Modiolodon; 

M. subelliptica Ulrich, to Allodesma; M. cincinnatiensis Hall and Whitfield, M. pulchella 

Ulrich, M. cancellaia Walcott, JJ1. oblonga Ulrich, M. pholad1/orrnis Hall, and M. superba 

Hall to Actinomya; M. gesneri Billings and M. trentonensis Hall, to Endodesma. M. 

llasuta Conrad, sp., and M. subnasuta Meek and Worthen, belong to Orthodesma, Hall 
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consin, is a Matheria, while the 111. dicteus of the same author and locality, and M. 
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1892. lVlodi%psis similis ULRICH. Nineteenth Ann. Report, Geol. Nat. Hist. Sur. Minn., p. 225. 

Shell of medium size, obliquely elongate ovate, highest in the posterior half, 

contracted at the beaks to between one-half and three-fifths of the greatest hight. 
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in the middle; posterior end broadly rounded, slightly produced and more strongly 

convex in the lower half, the upper more gently curved and sometimes forming an 

obtusely angular junction with the hinge line. Beaks about one-seventh of the entire 

length of shell behind the anterior extremity, rather small, incurved, projecting 

moderately above the hinge; umbones compressed in the cast, a little less so in the 

shell. Surface moderately convex, most prominent along the umbonal ridge, the 

lat,ter a little stronger than usual for species of this genus. Cardinal slope concave. 

A broad and comparatively well· defined mesial depression extends obliquely across 

the shell from the beak and, expanding, causes the straightening of the ventral mar

gin. Excepting in this part the shell is very thin, and the anterior muscular scar, 

which is comparatively of small size, is scarcely distinguishable in casts. Surface 

rather obscurely marked with numerous fine concentric lines and a few stronger 

varices of growth. 

As might be expected, this early species exhibits features intermediate between 

those marking the group of forms which I now propose to distinguish as Actinomya 

and true Modiolopsis. This is seen in the thin shell and consequent indistinctness 

of the anterior adductor impression, in the full and prominent umbones and in 

the convex rather than straight or concave basal line. At first I was inclined to 

put the species into the new genus, but later comparisons have shown that Actino

my a was at that time already well establIshed and that .111. similis belongs to the line 

which finally produced M. 'fflOdiolaris. Then the comparatively strong mesial depres

sion indicates Modiolopsis and not Actinomya. 

Compared with Minnesota Trenton species, all the others referred to Modiolopsis 

are narrower posteriorly. The Actinomya superba Hall, sp., has a larger anterior 

end, the postero-basal margin more produced, and the umbones larger. The 

undescribed Kentucky species referred to in the original description proves to be 

a Cyrtodonta closely related to C. subuvata Ulrich. 

Formation and loality.-MidcUe third of the 'l'renton shales at Minneapolis, Minnesota. 

MODIOLOPSIS (n CONSIMILIS, n. sp. 
PLATE XLII, FIGS. 17 and 18. 

This shell is so much like M. similis that at first I believed it might belong 

to the same species. Carefully compared, however, it proved to differ in several 

characters that are more important than striking. The umbones are larger 

and very little compressed, and the mesial sulcus, which is a well marked 

feature in that species, is scarcely distinguishable. The outline also is a little 

different, the posterior hight being relatively somewhat less than in the preced

ing species. 
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in the middle; posterior end broadly rounded, slightly produced and more strongly 

convex in the lower half, the upper more gently curved and sometimes forming an 

obtusely angular junction with the hinge line. Beaks about one-seventh of the entire 

length of shell behind the anterior extremity, rather sma11, incurvec1, projecting 

moderately above the hinge; umbones compressed in the cast, a little less so in the 

shell. Surface moderately convex, most prominent along the umbonal ridge, the 

latter a little stronger than usual for species of this genus. Cardinal slope concave. 

A broad and comparatively well· defined mesial depression extends obliquely across 

the shell from the beak and, expanding, causes the straightening of the ventral mar

gin. Excepting in this part the shell is very thin, and the anterior muscular scar, 

which is comparatively of small size, is scarcely distinguishable in casts. Surface 

rather obscurely marked with numerous fine concentric lines and a few stronger 

varices of growth. 

As might be expected, this early species exhibits features intermediate between 

those marking the group of forms which I now propose to distinguish as Actinornya 

and true Modiolopsis. This is seen in the thin shell and consequent indistinctness 

of the anterior adductor impression, in the full and prominent umbones and in 

the convex rather than straight or concave basal line. At first I was inclined to 

put the species into the new genus, but later comparisons have shown that Actino

my a was at that time already well estabhshed and that 111. similis belongs to the line 

which finally produced M. modiolaris. Then the comparatively strong mesial depres

sion indicates Modiolopsis and not Actinomya. 

Compared with Minnesota Trenton species, all the others referred to Modiolopsis 

are narrower posteriorly. The Actinomya superba Hall, sp., has a larger anterior 

end, the postero-basal margin more produced, and the umbones larger. The 

undescribed Kentucky species referred to in the original description proves to be 

a Cyrtodonta closely related to C. suuuvata Ulrich. 

Formation and loality.-Midc1le third of the Trenton shales at Minneapolis, Minnesota. 

MODIOLOPSIS (n CONSIMILIS, n. sp. 

PLATE XLII, FIGS. 17 and 18. 

This shell is so much like M. similis that at first I believed it might belong 

to the same species. Carefully compared, however, it proved to differ in several 

characters that are more important than striking. The umbones are larger 

and very little compressed, and the mesial sulcus, which is a well marked 

feature in that species, is scarcely distinguishable. The outline also is a little 

different, the posterior hight being relatively somewhat less than in the preced

ing species. 



50() THE PALEONTOLOGY OF MINNESOTA. 
[Modiolopsis oweni. 

This species ought, perhaps, to go with Actinomya rather than Modiolopsis, but 

as I have so far seen only the exterior of the shell, and therefore know nothing of 

the internal characters, it seemed best to refer it to Modiolopsis provisionally, because 

of a general resemblance to M. similis. I wish to say further, that I would not be 

surprised if the shell proved to have the hinge of a Cyrtodonta, several species of 

which it resembles quite as much as it does Modiolopsis. 

F01'mation and locality.-N ear the base of the Trenton formation, Murfreesboro, Tennessee. 

MODIOLOPSIS OWENI, n. sp. 

PLA TE XLII. FIGS. 15 and 16. 

This species is founded upon a single and not very well preserved cast of the 

interior. It seems to belong to Modiolopsis and very near JJ1. similis, with which 

species it should be compared. As far as can be seen its valves were a little more 

convex, the mesial sulcus narrower, the anterior part of the shell somewhat inflated 

and the posterior part comparatively narrower. 

Formation and locality.-Galena shales, about five miles south of Oannon Falls, Minnesota. 

MODIOLOPSIS ARGUTA. n. sp. 

PLATE XXXVI, FIGS, 3-6. 

Shell small, ventricose, elongate, highest posteriorly, the length twice the 

greatest hight, and three times the hight at the beaks. Cardinal margin straight; 

anterior end unusually long, sharply rounded at the extremity of the hinge beneath 

which it slopes backward gradually curving into the straight ventral margin; poster

ior end strongly convex and most prominent in the lower half, above curving more 

gently and very gradually into the dorsal edge. Beaks a little more than one-sixth 

of the length from the anterior extremity, moderately prominent and incurved, com

pressed; mesial impression scarcely more than a mere flattening of the sides of the 

shell; umbonal ridge rather sharply rounded. Point of greatest convexity of valves 

very near the center. Surface with concentric lines, sharp, subequal and thread

like on the cardinal slopes, here with about ten in 5 mm. at their strongest parts, 

becoming faint before they pass over the umbonal ridge in their course to the 

anterior end where they are again somewhat thre~d-like. In good casts of the 

interior the anterior adductor scars are large, prominent, and marked on their inner 

halves with transverse lines. The surface markings do not show through the shell 

so as to mark the casts. Hinge thin, apparently edentulous. An average specimen 
is 24 mm. long, the largest seen about 31 mm. 

This is one of a number of closely related species ranging from the lower Trenton 

to the middle beds of the Cincinnati group. They are all elongate, especially so for 
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This species ought, perhaps, to go with Actinomya rather than Modiolopsis, but 

as I have so far seen only the exterior of the shell, and therefore know nothing of 

the internal characters, it seemed best to refer it to Modiolopsis provisionally, because 

of a general resemblance to M. similis. I wish to say further, that I would not be 

surprised if the shell proved to have the hinge of a Cyrtodonta, several species of 

which it resembles quite as much as it does Modiolopsis. 

F01'1nation and locality.-N ear the base of the Trenton formation, Murfreesboro, Tennessee. 

MODIOLOPSIS OWENI, n. sp. 

PLATE XLII. FIGS. 15 and 16. 

This species is founded upon a single and not very well preserved cast of the 

interior. It seems to belong to JJlodiolopsis and very near JJ1. simi lis, with which 

species it should be compared. As far as can be seen its valves were a little more 

convex, the mesial sulcus narrower, the anterior part of the shell somewhat inflated 

and the posterior part comparatively narrower. 

Formation and locality.-Galena shales, about five ruiles south of Oannon Falls, Minnesota. 

MODIOLOPSIS ARGUTA. n. sp. 

PLATE XXXVI, FIGS, 3-6. 

Shell small, ventricose, elongate, highest posteriorly, the length twice the 

greatest hight, and three times the hight at the beaks. Cardinal margin straight; 

anterior end unusually long, sharply rounded at the extremity of the hinge beneath 

which it slopes backward gradually curving into the straight ventral margin; poster

ior end strongly convex and most prominent in the lower half, above curving more 

gently and very gradually into the dorsal edge. Beaks a little more than one-sixth 

of the length from the anterior extremity, moderately prominent and incurved, com

pressed; mesial impression scarcely more than a mere flattening of the sides of the 

shell; umbonal ridge rather sharply rounded. Point of greatest convexity of valves 

very near the center. Surface with concentric lines, sharp, subequal and thread

like on the cardinal slopes, here with about ten in 5 mm. at their strongest parts, 

becoming faint before they pass over the umbonal ridge in their course to the 

anterior end where they are again somewhat thre~d-like. In good casts of the 

interior the anterior adductor scars are large, prominent, and marked on their inner 

hal ves with transverse lines. The surface markings do not show through the shell 

so as to mark the casts. Hinge thin, apparently edentulous. An average specimen 
is 24 mm. long, the largest seen about 31 mm. 

This is one of a number of closely related species ranging from the lower Trenton 

to the middle beds of the Cincinnati group. They are all elongate, especially so for 
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Modiolopsis, anterior to the beaks. Their general expression, therefore, is decidedly 

like Orthodesma, of which some member of this line is believed to have been the 

ancestor. In Orthodesma the valves gape slightly at the ends, which is not the case 

in these shells. In that genus again the point of greatest thickness is more or less 

behind the center, while in all the species referred by me to Modiolopsis this point is 

central or anterior to the center. Furthermore, as stated under the generic deBcrip

tion, the M. arguta line traces by very gradual degrees into M. concentrica H. and W., 

which is a Modiolopsis in every respect. 

M. nana, of the Galena shales, has stronger concentric striffi, and these extend 

further forward and are visible on the internal cast, is scarcely so convex, with a 

deeper mesial depression and more obtuse umbonal ridge, and more rounded and 

shorter anterior end; M. mytiloides Hall, is without the even thread -like lines on the 

cardinal slope; and M. angustata Ulrich, of the Cincinnati rocks, has a more truncate 

posterior margin, more uniformly rounded anterior end, and more nearly parallel 

dorsal and ventral margins. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis, St. Paul, Chatfield amI 
Fountain, Minnesota. 

Mus. Reg. No. 8350. 

MODIOLOPSIS NANA, n. sp. 

PLATE XXXVI, FIG. 7. 

This small species is closely related to M. arguta. The differences are as follows: 

The valves are not quite as convex, the umbonal ridge is less sharply rounded, the 

mesial depression a trifle deeper, and the anterior end a little shorter and more 

uniformly rounded. The most striking peculiarity, however, is found in the con

centric lines which show very distinctly on casts of the interior, are coarser (eight 

in 5 mm.), more regular and continue of the same strength over the cardinal slope, 

umbonal ridge and forward into the mesial depression, near the center of which 

they are lost. 

In M. mytiloides Hall, as identified in Minnesota, the surface of the casts i8 very 

obscurely marked with concentric lines, and the posterior extremity of the hinge 

line subangular. 

Only two specimens have been seen. Of one the length is 19 mm., the posterior 

hight 9.3 mm., the anterior hight 7.2 mm., the thickness 6 mm. Of the other these 

dimensions are respectively 16, 8, 6 and 5 mm. 

Formation and locality.-Galena shales, near Cannon Falls, Minnesota .. 
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Modiolopsis, anterior to the beaks. Their general expression, therefore, is decidedly 

like Orthodesma, of which some member of this line is believed to have been the 

ancestor. In Orthodesma the valves gape slightly at the ends, which is not the case 

in these shells. In that genus again the point of greatest thickness is more or less 

behind the center, while in all the species referred by me to Modiolopsis this point is 

central or anterior to the center. Furthermore, as stated under the generic descrip

tion, the M. arguta line traces by very gradual degrees into M. concentrica H. and W., 

which is a Modiolopsis in every respect. 

M. nana, of the Galena shales, has stronger concentric striffi, and these extend 

further forward and are visible on the internal cast, is scarcely so convex, with a 

deeper mesial depression and more obtuse umhonal ridge, and more rounded and 

shorter anterior end; M. mytiloides Hall, is without the even thread -like lines on the 

cardinal slope; and M. angustata Ulrich, of the Cincinnati rocks, has a more truncate 

posterior margin, more uniformly rounded anterior end, and more nearly parallel 

dorsal and ventral margins. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis, St. Paul, Chatfielr1 and 
Fountain, Minnesota. 

Mus. Reg. No. 8350. 

MODIOLOPSIS NANA, n. sp. 

PLATE XXXVI, FIG. 7. 

This small species is closely related to M. arguta. The differences are as follows: 

The valves are not quite as convex, the umbonal ridge is less sharply rounded, the 

mesial depression a trifle deeper, and the anterior end a little shorter and more 

uniformly rounded. The most striking peculiarity, however, is found in the con

centric lines which show very distinctly on casts of the interior, are coarser (eight 

in 5 mm.), more regular and continue of the same strength over the cardinal slope, 

umbonal ridge and forward into the mesial depression, near the center of which 

they are lost. 

In M. mytiloides Hall, as identified in Minnesota, the surface of the casts is very 

obscurely marked with concentric lines, and the posterior extremity of the hinge 

line subangular. 

Only two specimens have been seen. Of one the length is 19 mm., the posterior 

hight 9.3 mm., the anterior hight 7.2 mm., the thickness 6 mm. Of the other these 

dimensions are respectively 16, 8, 6 and 5 mm. 

Formation and locality.-Galena shales, near Cannon Falls, Minnesota .. 
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MnDIOLOPSIS MYTILOIDES Hall. 

PLATE XXXVI, FIG. 8. 

Moc/ivlopsis rnytiloic/es HALL, 1847. Pal. New York, vol. i, p. ]57. 

Three incomplete casts of the interior are referred to this species. They agree 

very well with Hall's description and figures, except in being proportionately higher. 

But the general appearance of his figure 4a, particularly in the abruptness of the 

postero-basal curve, causes me to believe that the original of the figure has been 

compressed vertically and is therefore narrower than normal. 

Compared with M. arguta and M. nana, which are closely simulated, it is found 

to differ in its surface markings, which are fine, with stronger wrinkles of growth, 

the latter showing only on casts; the concentric lines are, therefore, not equal nor 

thread-like. The outline differs in the subangular junction of the posterior and 

cardinal margins. The mesial depression also is more pronounced and the end of 

the casts in front of the depression more swollen, causing a slight concavity in the 

ventral margin. 

Formation and loculity.-Trenton limestone, Michlleville, New York; middle Galena, Goodhue and 
Fillmore counties, Minnesota, and Oshkosh, Wisconsin. According to Billings, in the Trenton and Blac\{ 
Ri vel' groups of Canada. 

Mus. Reg. No. 8.361. 

MODIOLOPSIS CHATFIELDENSIS, n. sp. 

PLATE XXXVI, FIGS. 9 and 10. 

Shell small, subelongate, the length a little less than twice the hight. Dorsal 

and ventral margins nearly straight, subparallel, diverging slightly posteriorly; 

anterior end rather long, rounded; posterior margin broadly rounded, scarcely 

oblique, curving gradually into the hinge line. Beaks compressed, projecting little, 

situated about one-fourth of the entire length from the anterior extremity. Valves 

moderately convex, thickest at the middle, the um bonal ridge sharply rounded in 

the upper half; mesial flattening distinct, very gently concave. Surface of cast 

exhibiting rather broad and unequal concentric furrows which, on the shell itself, 

seem to have separated sharply-elevated lines. The latter were probably restricted 

to the cardinal and posterior slopes. Anterior adductor scar large, its inner edge 

sharply defined and curving forward. Hinge apparently thin and edentulous. 

Length 10 mm., posterior hight 5.2 mm., anterior hight 4.5 mm., thickness 3.3 mm. 

This species is not elongate, like the M. angustata Ulrich, of the Cincinnati rocks, 

its anterior end is shorter and the sides of the valves flatter; with a better defined 

umbonal ridge than in M. subparallela Ulrich, also occurring in that higher series of 

strata at Covington, Kentucky. Compared with Minnesota species, it is perhaps 
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MODIOLOPSIS MYTILOIDES Hall. 

PLATE XXXVI, FIG. 8. 

Mocliv/opsis myti/oicles HALL, 1847. Pal. New York, vol. i, p. ]57. 

Three incomplete casts of the interior are referred to this species. They agree 

very well with Hall's description and figures, except in being proportionately higher. 

But the general appearance of his figure 4a, particularly in the abruptness of the 

postero-basal curve, causes me to believe that the original of the figure has been 

compressed vertically and i::l therefore narrower than normal. 

Compared with M. arguta and JJ1. nana, which are closely simulated, it is found 

to differ in its surface markings, which are fine, with stronger wrinkles of growth, 

the latter showing only on casts; the concentric lines are, therefore, not equal nor 

thread-like. The outline differs in the subangular junction of the posterior and 

cardinal margins. The mesial depression also is more pronounced and the end of 

the casts in front of the depression more swollen, causing a slight concavity in the 

ventral margin. 

Formation and /oco/ity.-Trenton limestone, Mic1clleville, New York; mic1dle Galena, Goodhue and 
Fillmore counties, Minnesota, anc1 Oshkosb, Wisconsin. According to Billings, in the Trenton and Black 
Ri vcr groups of Canar1a. 

Mus. Reg. No. 83Gl. 

MODIOLOPSIS CHATFIELDENSIS, n. sp. 

PLATE XXXVI, FIGS. 9 and 10. 

Shell small, subelongate, the length a little less than twice the hight. Dorsal 

and ventral margins nearly straight, subparallel, diverging slightly posteriorly; 

anterior end rather long, rounded; posterior margin broadly rounded, scarcely 

oblique, curving gradually into the hinge line. Beaks compressed, projecting little, 

situated about one-fourth of the entire length from the anterior extremity. Valves 

moderately convex, thickest at the middle, the um bonal ridge sharply rounded in 

the upper half; mesial flattening distinct, very gently concave. Surface of cast 

exhibiting rather broad and unequal concentric furrows which, on the shell itself, 

seem to have separated sharply-elevated lines. The latter were probably restricted 

to the cardinal and posterior slopes. Anterior adductor scar large, its inner edge 

sharply defined and curving forward. Hinge apparently thin and edentulous. 

Length 10 mm., posterior hight 5.2 mm., anterior hight 4.5 mm., thickness 3.3 mm. 

This species is not elongate, like the M. angustata Ulrich, of the Cincinnati rocks, 

its anterior end is shorter and the sides of the valves flatter; with a better defined 

umbonal ridge than in M. subparallela Ulrich, also occurring in that higher series of 

strata at Covington, Kentucky. Compared with Minnesota species, it is perhaps 



Modiolopsis obsoleta.] 
LAMELLIBRANCHIATA. 509 

. nearest M. arguta, with which it is also associated. It is, however, readily distin

ugished by its surface markings, which are not visible on the casts of that species, 

and by its less oblique anterior and posterior ends and more nearly parallel ventral 

and dorsal margins. In M. faba Hall, which is probably not a true JJlodiolo]Jsis, the 

mesial depression is much more distinct. M. nana is wider and more oblique po,,;

teriorly, and has more regular surface markings. 

Formation and locality.-Middle third of the Trenton shales, Chatfield, Minne~ota. 

MODIOLOPSIS OBSOLETA,n. Sp. 

PLATE XXXVI. FIGS. 11 and ,12. 

Shell small, elongate ovate, the length twice the greatest or posterior hight. 

Valves tbickest a little above tbe center, rather uniformly convex, tbe umbomtl 

ridge and mesial depression being both nearly obsolete. Beaks small, between one

fourth and one-fifth of tbe entire length from the anterior extremity. Dorsal margin 

gently arcuate, anterior end narrowly but almost uniformly rounded, ventral edge 

straight, posterior end slightly oblique, rather broadly rounded, most prominent a 

little beneath the center, above which it curves forward gradually into the hinge 

line. Surface with very fine concentric lines; tbese are equal and strongest near the 

posterior cardinal border. Hinge very thin, edentulous. Muscular scars not observed. 

Lengtb 13.3 mm., posterior bight 6.6 mm., anterior hight 5 mm., thickness (left 

valve only) about 2.5 mm. 

Considerably like, and probably a near relative of M. arguta, but differs in the 

more uniform convexity of its surface, obsolete umbonal ridge and less oblique 

anterior margin. The posterior end also is comparatively narrower and the shell 

smaller. Ari8terella nitidula is associated but cannot be confounded, since it is a 

smooth sbell, with unequal valves, and much wider posteriorly. 

Formation and localit:If.-As8ociated with Plethoc(t1'dia umbonata, Matheria j"ugosa and other species 
marking the upper part of the middle third of the 'l'renton shales near Cannon Falls, Minnesota. 

MODIOLOPSIS CONCA V A Ulrich. 

PLATE XXXVI, FIGS. 15, 16, 16lL. 

Modiolopsis concava ULRICH, 1892. Nineteenth Ann. Rep. Geol. Nat. Rist. Sur. Minn., p. 227. 

Shell very ~mall, elongate, the greatest hight a little less than the length, 

arcuate, the posterior end much the widest and broadly rounded, the anterior end 

exceedingly short, narrow and contracted beneath the beaks; the latter are small, 

compressed, and project but little above the hinge. Hight of posterior third about 

two and one-half times as great as at the beaks. Dorsum gently arcuate; anterior 

two-thirds of ventral margin strongly concave, a fact due iu a great measure to the 
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nearest M. arguta, with which it is also associated. It is, however, readily distin

ugished by its surface markings, which are not visible on the casts of that species, 

and by its less oblique anterior and posterior ends and more nearly pamllel ventral 

and dorsal margins. In M. faba Hall, which is probably not a true JJlodiolo]Jsis, the 

mesial depression is much more distinct. M. nana is wider and more oblique pos

teriorly, and has more regular surface markings. 

Formation and locality.-Middle thircl of the Trenton shales, Chatfield, Mi[lne~ota. 

MODIOLOPSIS OBSOLETA,n. Sp. 

PLATE XXXVI. FIGS. 11 and .12. 

Shell small, elongate ovate, the length twice the greatest or posterior hight. 

Valves thickest a little above the center, rather uniformly convex, the umbona,l 

ridge and mesial depression being both nearly obsolete. Beaks small, between one

fourth and one-fifth of the entire length from the anterior extremity. Dorsal margin 

gently arcuate, anterior end narrowly but almost uniformly rounded, ventral edge 

straight, posterior end slightly oblique, rather broadly rounded, most prominent a 

little beneath the center, above which it curves forward gradually into the hinge 

line. Surface with very fine concentric lines; these are equal and strongest near the 

posterior cardinal border. Hinge very thin, edentulous. Muscu]ar scars not observed. 

Length 13.3 mm., posterior hight 6.6 mm., anterior hight 5 mm., thickness (left 

valve only) about 2.5 mm. 

Considerably like, and probably a nea,r relative of M. arguta, but differs in the 

more uniform convexity of its surface, obsolete umbonal ridge and less oblique 

anterior margin. The posterior end also is comparati vely narrower and the shell 

smaller. Ari8terella nitidula is associated but cannot be confounded, since it is a 

smooth sheU, with unequal va,lves, and much wider posteriorly. 

Formation and localitN.-As~ociated with Plethoca1"dia umbonata, Matheria rugosa and other species 
marking the upper part of the middle third of the 'l'renton shales near Cannon Falls, Minnesota. 

MODIOLOPSIS CONCA V A Ulrich. 

PLATE XXXVI. FIGS. 15, 16, 16a. 

Modiolopsis concava ULRICH, 1892. Nineteenth Ann. Rep. Geo;' Nat. Rist. Sur. Minn., p. 227. 

Shell very emall, elongate, the greatest hight a little less than the length, 

arcuate, the posterior end much the widest and broadly rounded, the anterior end 

exceedingly short, narrow and contracted beneath the beaks; the latter are small, 

compressed, and project but little above the hinge. Hight of posterior third about 

two and one-half times as great as at the beaks. Dorsum gently arcuate; anterior 

two-thirds of ventral margin strongly concave, a fact due iu a great measure to the 
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width of the mesial sulcus and the rapid descent of the surface included in it. 

V mbonal ridge slight, ci:Lrdinal slope, convex. In a dorsal view the anterior half of 

the shell appears compressed, yet the point of greatest thickness is very near the 

middle of the length. Surface marked with simple concentric lines of growth, 

Hinge plate very thin, without teeth or appreciable thickening under the beak. 

Muscular scars not observed. 
This peculiar species, which is decidedly mytiloid in appearance and probably 

not a true Modio16psis, is distinguished at once from all known Lower Silurian 

Lamellibranchiata, except M. arcuata Hall, by its strongly arcuate form. Hall's 

species is represented i:LS larger and with a straight instead of convex back. 

Formation and locality.-Sarnc as the prcccding. 

MODIOLOPSIS CONCENTRICA Hall and Whitfield. 

PLATE XXXVII, FIGS. 15 and 16. 

Modiolop~is concentri~a HALL and WHITFIELD, ]875. Pal. Ohio, vol. ii, p. 86. 

Shell rather exceeding medium size, elongate ovate,highest in the posterior 

half. Hinge line arcuate, gently declining toward the extremity and rounding gradu

ally into the oblique posterior margin, the same curve continuing to the lower third 

when it is t:;harpened in turning forward into the basal margin. The latter is gently 

convex in the posterior half and anterior third, the part between being very slightly 

concave. Anterior end very i:>hort, narrowly rounded. Beaks small, compressed, 

projecting very little above the hinge. Surface of val yes moderately convex, most 

prominent a little in front of and above the middle; this point is on the umbonal -

ridge, which ii:> low, broadly rounded, and not a conspicuous feature. Mesial sulcui:> 

shallow, forming c1n undefined depression across the valves from the beak to the 

middle third of the basal margin. Surface marked on the cardinal slope and poste

rior end by regular, even, concentric furrows, four to six of them in 5 mm. in their 

stronge,:,t parts. These furrows are most distinct along a line following the middle 

of the cardinal slope; in crossing the umbonal ridge they become suddenly obsolete, 

existing On the sides, basal portion, and anterior end only as fine irregular strim of 

growth. 

In casts of the interior the concentric furrows are distinctly visible on the 

posterior half of the cardinal slope. The mesial sulcus is much deeper and rather 

sharply defined on the posterior side by a strongly convex ridge extending obliquely 

across the cast from a point a short distance behind the beaks toward the basal 

margin, which, if the ridge did not become obsolete before reaching it, would he 

intersected at a point about three-fifths of the length of the shell behind the anterior 

extremity. In front of this ridge the surface is impressed and flattened to the 

510 THE PALEONTOLOGY OF MINNESOTA. 
[Modiolopsis concentrica 

width of the mesial sulcus and the rapid descent of the surface included in it. 

U mbonal ridge slight, ci:Lrdinal slope, convex. In a dorsal view the anterior half of 

the shell appears compressed, yet the point of greatest thickness is very near the 

middle of the length. Surface marked with simple concentric lines of growth, 

Hinge plate very thin, without teeth or appreciable thickening under the beak. 

Muscular scars not observed. 
This peculiar species, which is decidedly mytiloid in appearance and probably 

not a true Modiolbpsis, is distinguished at once from all known Lower Silurian 

Lamellibranchiata, except M. arcuata Hall, by its strongly arcuate form. Hall's 

species is represented i:LS larger and with a straight instead of convex back. 

Formation and locaZity.-Sarnc as the prcccding. 

MODIOLOPSIS CONCENTRICA Hall and Whitfield. 

PLATE XXXVII, FIGS. 15 and 16. 

Modiolop~is concentriw HALL and WHITFIELD, ]875. Pal. Ohio, vol. ii, p. 86. 

Shell rather exceeding medium size, elongate ovate,highest in the posterior 

half. Hinge line arcuate, gently declining toward the extremity and rounding gradu

ally into the oblique posterior margin, the same curve continuing to the lower third 

when it is t,;harpened in turning forward into the basal margin. The latter is gently 

convex in the posterior half and anterior third, the part between being very slightly 

concave. Anterior end very i:ihort, narrowly rounded. Beaks small, compressed, 

projecting very little above the hinge. Surface of val ves moderately convex, most 

prominent a little in front of and above the middle; this point is on the umbonal -

ridge, which ii:i low, broadly rounded, and not a conspicuous feature. Mesial sulcut,; 

shi:Lllow, forming ~1n undefined depression across the valves from the beak to the 

middle third of the basal margin. Surface marked on the cardinal slope and poste

rior end by regular, even, concentric furrows, four to six of them in 5 mm. in their 

stronge"t parts. These furrows are most distinct along a line following the middle 

of the cardinal slope; in cro:;sing the umbonal ridge they become suddenly obsolete, 

existing On the sides, basal portion, and anterior end only as fine irregular strim of 

growth. 

In casts of the interior the concentric furrows are distinctly visible on the 

posterior half of the cardinal slope. The mesial sulcus is much deeper and rather 

sharply defined on the posterior side by a strongly convex ridge extending obliquely 

across the cast from a point a short distance behind the beaks toward the basal 

margin, which, if the ridge did not become obsolete before reaching it, would he 

intersected at a point about three-fifths of the length of the shell behind the anterior 

extremity. In front of this ridge the surface is impressed and flattened to the 
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strongly elevated filling of the anterior adductor scar. The latter is large, of oval 

shape, horizontally marked in its upper half, sharply defined all around and, because 

of the brevity of the anterior end, is situated partly beneath the point of the beak. 

Posterior scar large, but so faintly impressed that its exact shape cannot be deter

mined with the material at hand. Pallial line distinct only in the anterior half, 

where it consists of an obscurely pustulose raised line. 

To this species I refer provisionally a badly distorted mould of the exterior of a 

right valve, collected by me at Spring Valley in 1887. Its surface is marked 

precisely as described above, but the reference is still rendered doubtful by the fact 

that its anterior end is a little longer thiLll is normal for the species. There is, how

ever, no reason to doubt that M. concentrica occurs in Fillmore county, and it is to 

draw attentio? to its probable occurrence in Minnesota that the species has been 

included in the report. 

Formation and locality.-A common species in the upper beds of the Cincinnati group at nUllH)rous 
localities in Ohio, Indiana and Kentucky. Probably also in the Hudson River shales near Spring Valley, 
Minnesota. 

MODIOLOPSIS EXCELLENS, n. sp. 

PLATE XXXVI. FIGS. 13-14. 

This species, of which we have five specimens, is closely related to M. concentrica 

Hall and Whitfield, and was at first confounded with it. A careful comparison 

however proved its distinctness in the following respects: It attains a larger size, 

the casts are more uniformly convex, with the mesial sulcus, on both the shell and 

the cast, much shallower, for which reason the ventral margin is very slightly 

convex where it is sinuate in that species. The outline differs also in the postero

cardinal region being less uniformly curved and more prominent at the extremity 

of the hinge. The anterior end is longer so that a line drawn from the point of the 

beak across the shell at right angles to the hinge line passes within the inner border 

of the anterior adductor scar, whereas it cuts a third of the scar away in ]J1. concen

trica. Finally, the concentric surface markings are finer and the difference between 

them as developed on the cardinal slopes and on the sides of the shell is a much 

less striking feature. The number of the concentric lines at a point about midway 

between the beaks and the posterior extremity varies in different specimens from 

six to nine in 5 mm. 

What I regard as a nearer ally occurs at the top of the Cincinnati hills. The 

outline of this species is intermediate between figures 6 and 13 of plate XXXVI. In 

its characters also it approaches one almost as nearly as the other. 

Formation and locality.-Upper part of the Hudson River group, Spring Valley and Granger, 
Minnesota. 

~U8. Reg. No. 8374. 
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strongly elevated filling of the anterior adductor scar. The latter is large, of oval 

shape, horizontally marked in its upper half, sharply defined all around and, because 

of the brevity of the anterior end, is situated partly beneath the point of the beak. 

Posterior scar large, but so faintly impressed that its exact shape cannot be deter

mined with the material at hand. Pallial line distinct only in the anterior half, 

where it consists of an obscurely pustulose raised line. 

To this species I refer provisionally a badly distorted mould of the exterior of a 

right valve, collected by me at Spring Valley in 1887. Its surface is marked 

precisely as described above, but the reference is still rendered doubtful by the fact 

that its anterior end is a little longer them is normal for the species. There is, how

ever, no reason to doubt that M. concentrica occurs in Fillmore county, and it is to 

draw attention to its probable occurrence in Minnesota that the species has been 

included in the report. 

Formation and locality.-A cultlltlun species in th(~ upper beds uf the Cincinnati group at nuru('[OUS 
localities in Ohio, Indiana and Kentucky. Probably also in the Hudson River shales near Spring Valley, 
Minnesota. 

MODIOLOPSIS EXCELLENS, n. sp. 

PLATE XXXVI. FIGS. 13-14. 

This species, of which we have five specimens, is closely related to M. concentrica 

Hal] and Whitfield, and was at first confounded with it. A careful comparison 

however proved its distinctness in the following respects: It attains a larger size, 

the casts are more uniformly convex, with the mesial sulcus, on both the shell and 

the cast, much shallower, for which reason the ventral margin is very slightly 

convex where it is sinuate in that species. The outline differs also in the postero

cardinal region being less uniformly curved and more prominent at the extremity 

of the hinge. The anterior end is longer so that a line drawn from the point of the 

beak across the she11 at right angles to the hinge line passes within the inner border 

of the anterior adductor scar, whereas it cuts a third of the scar away in M. concen

trica. Finally, the concentric surface markings are finer and the difference between 

them as developed on the cardinal slopes and on the sides of the shell is a much 

less striking feature. The number of the concentric lines at a point about midway 

between the beaks and the posterior extremity varies in different specimens from 

six to nine in 5 mm. 

What I regard as a nearer ally occurs at the top of the Cincinnati hills. The 

outline of this species is intermediate between figures (5 and 13 of plate XXXVI. In 

its characters also it approaches one almost as nearly as the other. 

Formation and locality.-Upper part of the Hudson River group, Spring Valley and Granger, 
Minnesota. 

!'fu,~, Reg. No. 8374. 
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[Eurymya. 

Genus EURYMYA, n. gen. 

Modiolopsis (part.) HALl, and ULRICH. 

Shell thin, short, compressed, high and subalate posteriorly, greatly narrowed 

anteriorly, transversely truncate-ovate or subtriangular in outline. Cardinal margin 

straight, base oblique, gently convex. Beaks small, near the anterior extremity. 

Umbonal ridge moderate, rounded or subangular. No mesial sulcus, the surface of 

the valves forward and downward from the umbonal ridge being slightly convex or 

fiat rather than concave. Hinge strong, with a broad longitudinally striated liga

mental area posterior to the beaks, and beneath them an obscure cardinal fold or 

tooth in the left valve and a corresponding depression in the right. Muscular 

impressions and pallial line apparently as in Modiolopsis. 

Type: JJfodiolopsis plana Hall. 

The alate appearance of the postero-cardinal region, rounded base, absence of a 

mesial depression, and the presence of a striated ligamental area are the principal 

distinguishing features when compared with Modiolopsis. The anterior part of the 

hinge is precisely as in Modiomorpha, Hall, but the Devonian shells, upon which that 

genus is founded, have no posterior striated ligamental area, while in nearly every 

other respect they agree with Modiolopsis. The new genus Modiolodon has one or 

more strong cardinal teeth in both valves, no ligamental area, and a mesial thicken

ing of the inner sides of the valves that produces mesial sulci on the casts. 

Besides the type only one other species has been described that I would place in 

this genuf:l without question. This is the Modiolopsis aletta Ulrich, from the hill quar

ries at Cincinnati, Ohio. A third form, if it is really distinct from E. plana, occurs 

in the middle beds of the Trenton in Kentucky and Tennessee. A possible fourth 

species is the Modiolopsis truncata Hall, a rare shell of the Cincinnati rocks. This 

f:lpecies is known only from indifferently preserved casts of the interior. So far as 

these admit of judgment, the species might well be classed with Eurymya. Of the 

hinge nothing iB known beyond this, that it was stronger than usual for Modio
lopsis. 

EURYMYA PLANA Hall. 

PLATE XXXVI. FIGS. 27 and 28. 

Modiolopsis plana HALL, 1861. Rep't. Sup't. Geol. Sur. Wis., p. 30; Geol. Wis., vol. i, pp. 38 and 438, 
fig: 6; ULRICH, 1892, Nineteenth Ann. Rep. Geol. Nat. Hist. Sur. 
MlDD., p. 2:!4. 

Shell rather small, compressed, subtriangular in outline, alate and highest 

posteriorly, the greatest hight and length (the latter measured parallel with the 

hinge line) respectively as six is to seven. Cardinal margin straight, nearly as long 
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[Eurymya. 

Genus EURYMYA, n. gen. 

Mocliolopsis (part.) HALL and ULRICII. 

Shell thin, short, compressed, high and subalate posteriorly, greatly narrowed 

anteriorly, transversely truncate-ovate or subtriangular in outline. Cardinal margin 

straight, base oblique, gently convex. Beaks small, near the anterior extremity. 

U m bonal ridge moderate, rounded or subangular. No mesial sulcus, the surface of 

the valves forward and downward from the umbonal ridge being slightly convex or 

fiat rather than concave. Hinge strong, with a broad longitudinally striated liga

mental area posterior to the beaks, and beneath them an obscure cardinal fold or 

tooth in the left valve and a corresponding depression in the right. Muscular 

impressions and pallial line apparently as in Modiolopsis. 

Type: Modiolopsis plana Hall. 

The alate appearance of the postero-cardinal region, rounded base, absence of a 

mesial depression, and the presence of a striated ligamental area are the principal 

distinguishing features when compared with Modiolopsis. The anterior part of the 

hinge is precisely as in Modi01'norpha, Hall, but the Devonian shells, upon which that 

genus is founded, have no posterior striated ligamental area, while in nearly every 

other respect they agree with Modiolopsis. The new genus Modiolodon has one or 

more strong cardinal teeth in both valves, no ligamental area, and a mesial thicken

ing of the inner sides of the valves that produces mesial sulci on the casts. 

Besides the type only one other species has been described that I would place in 

this genm; without question. This is the Afodiolopsis aZcda Ulrich, from the hill quar

ries at Cincinnati, Ohio. A third form, if it is really distinct from E. plana, occurs 

in the middle beds of the Trenton in Kentucky and Tennessee. A possible fourth 

species is the Modiolopsis truncata Hall, a rare shell of the Cincinnati rocks. This 

Rpecies is known only from indifferently preserved casts of the interior. So far as 

these admit of judgment, the species might well be classed with Eurymya. Of the 

hinge nothing is known beyond this, that it was stronger than usual for Modio
lopsis. 

EURYMYA PLANA Hall. 

PLATE XXXVI. FIGS. 27 and 28. 

Modiolopsi~ plana HALL, 1861. Rep't. Sup't. Geol. Sur. Wis. p. 30' Geal Wl'S vol' 38 d 438 . ' , . ., . 1, pp. an , 
fig: 6; ULIUCII, 1892, Nineteenth Ann. Rep. Geol. Nat. Hist. Sur. 
MlDn., p. 2:24. 

Shell rather small, compressed, subtriangular in outline, alate and highest 

posteriorly, the greatest hight and length (the latter measured parallel with the 

hinge line) respectively as six is to seven. Cardinal margin straight, nearly as long 
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Modlolopsis nana.l 

as the shell; anterior end very small, sharply rounded above, curving backward into 

the slightly convex, medially almost straight, basal margin; posterior edge gently 

curved, truncate, nearly vertical, strongly convex below; above turning abruptly 

into the hinge line. Beaks small, but little incurved, not prominent, about one

sixth of the length of the shell behind the anterior extremity. Umbonal ridge mod

erate, cardinal slope flat or slightly concave, ventral and anterior slopes depresi:>ed 

con vex. Surface marked with distant strong concentric lines of growth, and between 

these with a finer set. In casts of the interior the anterior muscular impression is 

well marked, not very large, vertical, situated in front of the beaks and close to the 

cardinal margin. A little more than one-third of the scar is divided off above by a 

distinctly impressed transverse line. Posterior scar indistinct, much larger than the 

anterior, situated behind the center of the posterior cardinal slope. Pallial line simple, 

rather distinct, not following the outline of the shell, being farther removed from the 

margin in the postero-basal region than elsewhere. Hinge as shown in figure 28 on 

plate xxxvi. Free casts of the interior of both valves, being without the hinge 

plate, are longer in proportion to the hight than are the impressions of single valves. 

The shape of the shell will distinguish this species at once from all Minnesota 

Lamellibranchiata except JJlatheria rugosa and Cyrtodonta aifinis, both of which occupy 

a higher horizon and have a different shell structure. 

I have before me ten more or less complete silicified shells from the middle Tren

ton or "Orthis beds" of Tennessee and Kentucky. These belong to a species that is 

closely allied to E. plana and which may be called Eurymya subplana, n. sp. The new 

species does not attain the size of the Minnesota form, and is not so high and more 

oblique posteriorly, while the margin is less narrowly rounded in the postero-basal 

region. The Cincinnati species, E. alata (Modiolopsis ((lala Ulrich) is a slightly 

shorter and more compressed shell, with a more convex basal margin and different 

anterior muscular scar. 

Formation and locality.-Lower limestone of the Trenton formation in Minnesota at Minneapolis, 
St. Paul and Oannon Falls. In Wisconsin the species seems to be restricted to the" Lower Blue" 
limestone at Janesville, Beloit and Mineral Point. 

Mu.~. Reg: Nos. 749, 757, 5011, 5012, 5013, 5062, 5358, 5669, 5834, 8312. 

Genus ACTINOMY A, n. gen. 

Modiolopsis (part.), of various authors. 

Shell ovate, more or less elongate, narrowing anteriorly. Valves moderately 

ventricose, fitting each other tightly. Anterior end short, but not excessively so. 

Base gently convex, occasionally straight, never sinuate. Mesial sulcus wanting. 
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margin in the postero-basal region than elsewhere. Hinge as shown in figure 28 on 

plate xxxvi. Free casts of the interior of both valves, being without the hinge 

plate, are longer in proportion to the hight than are the impressions of single valves. 

The shape of the shell will distinguish this species at once from all Minnesota 

Lamellibranchiata except M~atheria rugosa and Cyrtodonta affinis, both of which occupy 

a higher horizon and have a different shell structure. 

I have before me ten more or less complete silicified shells from the middle Tren

ton or "Orthis beds" of Tennessee and Kentucky. These belong to a species that is 

closely allied to E. plana and which may be called Eurymya subplana, n. sp. The new 

species does not attain the size of the Minnesota form, and is not so high and more 

oblique posteriorly, while the margin is less narrowly rounded in the postero-basal 

region. The Cincinnati species, E. alata (Modiolopsis alata Ulrich) is a slightly 

shorter and more compressed shell, with a more convex basal margin and different 

anterior muscular scar. 

Formation and locality.-Lower limestone of the Trenton formation in Minnesota at Minneapolis, 
St. Paul and OanilOn Falls. In Wisconsin the species seems to be restricted to the" Lower Blue" 
limestone at Janesville, Beloit and Mineral Point. 

Mu.~. Reg: Nos. 749, 757, 5011, 5012, 5013, 5062, 5358, 5669, 5834, 8312. 

Genus ACTINOMY A, n. gen. 

Modiolopsis (part.), of various authors. 

Shell ovate, more or less elongate, narrowing anteriorly. Valves moderately 

ventricose, fitting each other tightly. Anterior end short, but not excessively so. 

Base gently convex, occasionally straight, never sinuate. Mesial sulcus wanting. 

-33 



514 THE PALEONTOLOGY OF MINNESOTA. 
lAotinomya. 

Beaks comparatively large, full and rather prominent. Umbonal ridge generally 

strongly rounded, sometimes subangular. Surface with concentric lines of growth 

and often with radii or divaricating folds; the radii sometimes restricted to the 

inner side of the shell, showing on casts of the interior and not on the exterior of 

the shell itself. Muscular scars and pallial line as in Modiolopsis, excepting that in 

the majority of the species they are very faintly impressed. Hinge plate edentulous, 

very narrow, especially so under the beaks, a little wider and grooved on each side 

for the reception of a linear internal ligament. A similar external ligament prob

ably also present. 
Type: Modiolopsis cincinnatiensis Hall and Whitfield. 

-
c. - ............", ~.,~ tP>«. W-

Fig. 39. a, a large right valve of Actinomya cincinnatien8i.~, mostly devoid of shell, showing the 
muscular scars and delicate internal radii on the cast; b, the hinge of another right valve of the same 
species; c and d, hinges of a left and a right valve of Actinomya pholadiformis Hall, sp. The student 
will do well to compare these hinges with those of Modiolopsis and related genera, figured on a suc
ceeding page. 

This genus brings into very natural assoeiation a number of Lower Silurian 

species, the described forms of which have heretofore been placed chiefly with 

Modiolopsis. These are Modiolopsis cincinnatiensis H. and W., M. cancellata Walcott, 

M. pulchella Ulrich, and two undescribed species from the lower or Utica horizon of 

the Cincinnati group, A. subcarinata, n. sp., from the Galena, and Modiolopsis superba 

Hall, M. modioli/ormis Meek and Worthen, and Orthodesma saifordi Ulrich, from 
the lower limestone of the Trenton formation. 

Besides these, I propose to place here another group of species, so far known 

only from rocks above the Trenton, that approaches Modiolopsis in the strength and 

definition of the anterior adductor impression, while differing from that genus, and 

therein giving us a clue to their origin, in the convexity of the basal outline and 

absence of a mesial depression or so-called "byssal sulcus," and in the character of 

the hinge, which is thinner, and thus more like that of an Orthodesma than of species 

of Modiolopsis of the same size. Four species of this kind, all from the Cincinnati 

rocks, are known to me, only two of them, however, being described, i. e., Modiolopsis 

pholadiformis Hall, and M. oblonga Ulrich.* 

. . *Mr. S. A. Mi,ller h~s descrIbed three forms h~ving surfaoe markings like Aeti.wmya pholadiformis. These may be 
dlstmct fr?m Hall s speCIes, but .1 oannot now admIt that they are. The one called M. sulcata is almost certainly founded 
upon vertlOally compressed speCImens of the pholadiformis, while the M. eOTrU(1ata is, so far as I k·t t 1 
wise different from the same species. can rna e 1 ou, n no 
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lActinomya. 

Beaks comparatively large, full and rather prominent. Umbonal ridge generally 

strongly rounded, sometimes subangular. Surface with concentric lines of growth 

and often with radii or divaricating folds; the radii sometimes restricted to the 

inner side of the shell, showing on casts of the interior and not on the exterior of 

the shell itself. Muscular scars and pallial line as in Modiolopsis, excepting that in 

the majority of the species they are very faintly impressed. Hinge plate edentulous, 

very narrow, especially so under the beaks, a little wider and grooved on each side 

for the reception of a linear internal ligament. A similar external ligament prob

ably also present. 

Type: Modiolopsis cincinnatiensis Hall and Whitfield. 
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Fig. 39. Ct, a large right valve of Actinamya cincinnatiensis, mostly devoid of shell, showing the 
muscular scars and delicate internal radii on the cast; b, the hinge of another right valve of the same 
species; c and d, hinges of a left and a right valve of Actinarnya phaladifarrnis Hall, sp. The student 
will do well to compare these hinges with those of Maclialapsis and related genera, figured on a suc
ceeding page. 

This genus brings into very natural assoeiation a number of Lower Silurian 

species, the described forms of which have heretofore been placed chiefly with 

Modiolopsis. These are Modiolopsis cincinnatiensis H. and W., M. cancellata Walcott, 

M. pulchella Ulrich, and two undescribed species from the lower or Utica horizon of 

the Cincinnati group, A. subcarinata, n. sp., from the Galena, and Modiolopsis superba 

Hall, M. rnocliol~formis Meek and Worthen, and Orthodesma safJordi Ulrich, from 

the lower limestone of the Trenton formation. 

Besides these, I propose to place here another group of species, so far known 

only from rocks above the Trenton, that approaches Modiolopsis in the strength and 

definition of the anterior adductor impression, while differing from that genus, and 

therein giving us a clue to their origin, in the convexity of the basal outline and 

absence of a mesial depression or so-called "byssal sulcus," and in the character of 

the hinge, which is thinner, and thus more like that of an Orthodesma than of species 

of 1Iiodiolopsis of the same size. Four species of this kind, all from the Oincinnati 

rocks, are known to me, only two of them, however, being described, i. e., Modiolopsis 
pholad~formis Hall, and M. oblonga Ulrich.;:' 

. . "Mr. S. A. Mi,ner h~s descrIbed three forms having surface markings like Actinomya pho!ad;/ormis. These may be 
dlstmct fr?m Hall s speCIes, but! cannot now admit t.hat they are. The one called M. suwata is almost certainly founded 
upon vertlCally compressed speCImens of the pho!adi/ormis, while the M. corru(/ata is, so far as Ink' t' 
wise different from the same species. ca rna e It au , III nO 



Aotinomya modiolifol'mls.l 
LA MELLIBRANCHIATA. 515 

The systematic position of Actinomya seems to be nearly intermediate between 

Orthodesma and Modiolopsis, differing from the former in the somewhat shorter form 

and tightly closing instead of gaping valves, from the latter in the thinner hinge 

plate and)hell, and from both in the convex basal outline and absence of a mesial 
sulcus. 

AOTINOMYA MODIOLIFORMIS Meek and Worthen. 

PLATE XXXVI. FIGS. 19 and 20. 

Modiolopsis modioli/ormis MEEK and WORTHEN, 1868. Geol. Sur. Ill., vol. iii, p. 294. 

Compare Modiolopsis superba HALL, 1861. Rep't., Sup·t. Geol. Sur. Wis., p. 31. 

Shell of medium size, elongate, obliquely ovate, much the widest in the posterior 

half; strongly convex. Hinge nearly straight, rather short, extending anterior to 

the beaks almost half as far as posterior to them, and posteriorly less than half the 

distance from the Leaks to the posterior extremity of the shell. From the hinge 

the outline passes almost imperceptibly into the oblique posterior margin, and this 

slopes backward with a gentle convexity to the abruptly rounded posterior basal 

extremity. Basal margin extending obliquely upward and forward, very slightly 

convex throughout its length. Anterior end narrow, rounding sharply into the 

extremity of the hinge. Beaks rather prominent, incurved, situated about one-sixth 

of the entire length of the shell from the anterior extremity; a strongly rounded or 

subangular umbonal ridge extends from the beaks to the posterior extremity of the 

sheU, the convexity becoming gradually less as it recedes from the beaks. Surface 

with fine concentric strial and rather strong (especially on the flattened regions 

anterior to the umbonal ridge) wrinkles of growth. Muscular impressions so faint 

that they cannot be traced with certainty on the casts of the interior at hand. 

I believed this species to be identical with Hall's previously described .Modio
lopsis superba, but Prof. R. B. Whitfield, to whom a specimen was sent for compari

son with the original types of Hall's species, writes me that it is "less angular on 

the umbonal ridge, more rounded on the base, and fuller on the lower disc." These 

differences are probably of specific importance. Figure 20 is taken from the type 

used by Meek and Worthen. The specimen, though a good one, is slightly distorted 

by vertical pressure, and imperfect in front and along the base. To facilitate com

parison with fig. 19, the missing parts have been restored in the figure. 

This fine species I regard as in every sense an Actinomya. It is, perhaps, nearer 

A. saifordi Ulrich, than any other known, but there is little likelihood of confusion 

between them, that species being a higher shell, with a larger anterior end and 

somewhat smaller umbones. It has also several radiating folds on the po~terior 

cardinal slope not seen in this species. 

Actinomya modiollfol'rnls.1 
LA MELLIBRANCHIATA. 515 

The systematic position of Actinomya seems to be nearly intermediate between 

Orthodesma and Modiolopsis, differing from the former in the somewhat shorter form 

and tightly closing instead of gaping valves, from the latter in the thinner hinge 

plate and)hell, and from both in the convex basal outline and absence of a mesial 

sulcus. 

ACTINOMYA MODIOLIFORMIS Meek and Worthen. 

PLATE XXXVI, FIGS. 19 and 20. 

Modiolvpsis modioli/ormis MEEK and WORTHEN, 1868. Geol. Sur. Ill., vol. iii, p. 294. 
Compare Modiolopsis superba HALL, ]861. Rep't., Sup·t. Geol. Sur. Wis., p. 31. 

Shell of medium size, elongate, obliquely ovate, much the widest in the posterior 

half; strongly convex. Hinge nearly straight, rather short, extending anterior to 

the beaks almost half as far as posterior to them, and. posteriorly less than half the 

distance from the Leaks to the posterior extremity of the shell. From the hinge 

the outline passes almost imperceptibly into the oblique posterior margin, and this 

slopes backward with a gentle convexity to the abruptly rounded posterior basal 

extremity. Ba,sal margin extending obliquely upward and forward, very slightly 

convex throughout its length. Anterior end narrow, rounding sharply into the 

extremity of the hinge. Beaks rather prominent, incurved, situated about one-sixth 

of the entire length of the shell from the anterior extremity; a strongly rounded or 

subangular umbonal ridge extends from the beaks to the posterior extremity of the 

shell, the convexity becoming gradually less as it recedes from the beaks. Surface 

with fine concentric stria3 and rather strong (especially on the flattened regions 

anterior to the umbonal ridge) wrinkles of growth. Muscular impressions so faint 

that they cannot be traced with certainty on the casts of the interior at hancl. 

I believed this species to be identical with Hall's previously described Modio

lopsis superba, but Prof. R. B. Whitfield, to whom a specimen was sent for compari

son with the original types of Hall's species, writes me that it is "less angu1ar on 

the umbonal ridge, more rounded on the base, and fuller on the lower disc." These 

differences are probably of specific importance. Figure 20 is taken from the type 

used by Meek and Worthen. The specimen, though a good one, is slightly distorted 

by vertical preSbure, and imperfect in front and along the base. To facilitate com

parison with fig. 19, the missing parts have been restored in the figure. 

This fine species I regard as in every sense an Actinomya. It is, perhaps, nearer 

A. sajjordi Ulrich, than any other known, but there is little likelihood of confusion 

between them, that species being a higher shell, with a larger anterior end and 

somewhat smaller umbones. It has also several radiating folds on the po;:;terior 

cardinal slope not seen in this species. 



5]6 THE PALEONTOLOGY OF MINNESOTA. 
[Actinoruya subcarinata. 

Formation and locality.-Lower part of the Trenton formation at Beloit and ~ineral Point, Wis
consin. Not yet known to have been found in Minnesota, but there is no reason why it should not 
occur in the limestone at Minneapolis, St. Paul and elsewhere in the state. 

MU8. Reg. No. 8341. 

AOTINOMYA SUBCARINATA, n. sp. 

PLATE XXXVI. FIGS. 17 and 18. 

Shell of the same general form as A. modioli/ormis M. and W. sp., only smaller, 

not so oblique, subalate and higher posteriorly and consequently not so elongate. The 

hinge also is longer, the posterior margin more erect and the junction between them 

subangular. The postero-basal margin, furthermore, is not so sharply rounded, while 

the beaks are less incurved and farther apart. Surface of cast entirely smooth except 

between the umbonal ridge and the postero-cardinal border, where a number of very 

fine radiating striffi are obscurely visible. 

This species reminds somewhat of the New York Trenton Modiolopsis avicu

loides of Hall (Pal. N. Y., vol. i, p. 161; 1847), but I cannot believe they are identical. 

Indeed, it is more likely that they will prove widely distinct. I know of no Minne

sota species with which it might be confounded. 

Formation and locality.-Rare in the shaly part of the middle Galena of Goodhue county, Minnesota. 

Genus ORTHODESMA, Hall and Whitfield. 

Orthodesma, HALL and WHITFIELD, 1875. Pal. OhiO, vol. ii. p. 93. 

Shell elongate, usually increasing slightly in hight posteriorly. Anterior end 

comparati vely long, contracted in front of the beaks. Valves moderately convex, 

usually with a strong umbonal ridge and a broad mesial depression in front of it, 

their edges fitting tightly along the straight or sinuate ventral margin, but leaving 

a narrow gape at each end. Umbones prominent, wide, compres8ed, often extending 

posteriorly as low cardinal ridges between which the hinge is sunken. Hinge plate 

edentulous, very thjn, long, extending in almost a straight line from the posterior 

cardinal angle, past the beaks, nearly to the anterior extremity of the shell. Liga

ment linear, internal and external, the latter chiefly. Posterior muscular scar large, 

very faint, elongate ovate; anterior scar large, though scarcely half the size of the 

posterior, well defined, ovate or approaching semicircular in shape, the vertical 

diameter the longest. Pallial line simple. Shells thin, marked externally with 
more or less distinct concentric striffi and wrinkles. 

Type: Orthodes?71Cl rectuJn Hall and Whitfield. 

The above diagnosis does not agree exactly with Hall and Whitfield's original 

description of the genu8, but as it corresponds with the fossils no apology is neces-
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[Actinomya subcarinata. 

F01'mation and locality.-Lower part of the Trenton formation at Beloit and ~ineral Point, Wis
consin. Not yet known to have been found in Minnesota, but there is no reason why it should not 
occur in the limestone at Minneapolis, St. Paul and elsewhere in the state. 

lI1us. Reg. No. 8341. 

ACTINOMYA SUBCARINATA, n. sp. 

PLATE XXXVI. FIGS. 17 and 18. 

Shell of tbe same general form as A. modioli/ormis M. and W. sp., only smaller, 

not so oblique, subalate and higher posteriorly and consequently not so elongate. The 

hinge also is longer, tbe posterior margin more erect and the junction between them 

subangular. The postero-basal margin, furthermore, is not so sharply rounded, while 

the beaks are less incurved and farther apart. Surface of cast entirely smooth except 

between the umbonal ridge and the postero-cardinal border, where a num bel' of very 

fine radiating striffi are obscurely visible. 

This species reminds somewhat of the New York Trenton Modiolopsis avicu

loides of Hall (Pal. N. Y., vol. i, p. 161; 1847), but I cannot believe they are identical. 

Indeed, it is more likely that they will prove widely distinct. I know of no Minne

sota species with which it migbt be confounded. 

Formation and locality.-Rare in the shaly part of the middle Galena of Goodhue county, Minnesota. 

Genus ORTHODESMA, Hall and Wbitfield. 

Orthodesma, HALL and WHITFIELD, 1875. Pal. OhiO, vol. ii. p. 93. 

Shell elongate, usually increasing slightly in bight posteriorly. Anterior end 

comparatively long, contracted in front of the beaks. Valves moderately convex, 

usually with a strong umbonal ridge and a broad mesial depression in front of it, 

their edges fitting tightly along the straight or sinuate ventral margin, but leaving 

a narrow gape at each end. Umbones prominent, wide, compres8ed, often extending 

posteriorly as low cardinal ridges between wbich the hinge is sunken. Hinge plate 

edentulous, very thin, long, extending in almost a straight line from the posterior 

cardinal angle, past the beaks, nearly to the anterior extremity of the shell. Liga

ment linear, internal and external, tbe latter chiefly. Posterior muscular scar large, 

very faint, elongate ovate; anterior scar large, though scarcely half the size of the 

posterior, well defined, ovate or approaching semicircular in shape, tbe vertical 

diameter the longest. Pallial line simple. Shells thin, marked externally with 
more or less distinct concentric striffi and wrinkles. 

Type: Orthodesmct rectum Hall and Whitfield. 

The above diagnosis does not agree exactly witb Hall and Whitfield's original 

description of the genu8, but as it corresponds with the fossils no apology is neces-
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sary. They make, for instance, the erroneous statement that the hinge plate is bent 

down in front of the beaks; and the fictitious feature has become so well established 

in literature that it stands as the most important peculiarity of the genus, indeed, as 

the only one separating it from Orthonota, Conrad. N ow, despite the fact that the 

hinge plate is nearly or quite as straight in Orthodesma as in Orthonota, I am fully 

satisfied that there is little affinity between the two genera. The Lower Silurian 

genus, doubtless, is closely related to Modiolopsis and Actinomya. Not so, however, 

with the Devonian genus, which seems to me to be totally different and nearer Solen 

than Modiolopsis. 

Species have been placed under Orthodesma that are very different from the 

types, some of them belonging, I believe, to other families. Thus, O. byrnesi S. A. 

Miller, and O. miclcleboroughi Whitfield, belong to Rhytimya, a new genus that obvi

ously belongs to the same family as Pholadella, Hall, and Allorisma, King. O. cunei

forme Miller, has recently been made the type of his new genus 8phenolium. This 

genus seems to be related to Cuneamya and therefore cannot belong to the Modio

lopsidce. O. subovale Ulrich, together with a number of undescribed species, belongs to 

the new genus Psiloc(Jncha, while O. saifordi Ulrich, should be referred to Actinomya. 

ORTHODESMA MINNESOTENSE Ulrich. 

PLATE XXXVII, FIGS. 12 and 14. 

Orthodesma minnesotense ULRICH, 1892. Nineteenth Ann. Rep. Geo. Nat. Hist. Sur. Minnesota, p.228. 

Shell small, elongate, subrhomboidal, with the dorsal and ventral margins nearly 

straight and parallel; the length two and one-half times the width. Beaks small, 

incurved, compressed, projecting moderately above the hinge and situated about one

fourth of the entire length from the anterior extremity; posterior umbonal ridge 

subangular, cardinal slope abrupt, in casts of the interior with a linear impression 

close to and on each side of the hinge line. Anterior end small, contracted a little 

in front of the beaks, almost uniformly rounded; posterior end oblique, sloping 

upward and forward from the produced and narrowly rounded lower part. 

Interior with the anterior pair of muscular scars rather distinctly marked and 

large; above and between them and the beaks, two other very small pairs of scars 

are to be seen on the specimen figured above, but the posterior muscles left no 

appreciable impressions. Surface of casts with few obscure folds of growth. 

This shell is related to O. curvatum Hall and Whitfield, though more nearly 

approaching O. contractum Hall, in its outline. It differs from both in having the 

posterior end narrower and in wanting the strong concentric furrows which occur 

on the posterior cardinal slopes of those shells. 
Formation and locality.-Middle third of the Trenton shales, St. Anthony Park, St. Paul, Minnesota. 
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satisfied that there is little affinity between the two genera. The Lower Silurian 
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with the Devonian genus, which seems to me to be totally different and nearer Solen 
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forme Miller, has recently been made the type of his new genus 8phenoli1lm. This 

genus seems to be related to Cuneamya and therefore cannot belong to the Modio

lopsidce. O. subovale Ulrich, together with a number of undescribed species, belongs to 

the new genus Psiloc()ncha, while O. saifordi Ulrich, should be referred to Actinomya. 
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Orthodesma minnesotense ULRICH, 1892. Nineteenth Ann. Rep. Geo. Nat. Hist. Sur. Minnesota, p.228. 

Shell small, elongate, subrhomboidal, with the dorsal and ventral margins nearly 

straight and parallel; the length two and one-half times the width, Beaks small, 

incurved, compressed, projecting moderately above the hinge and situated about one

fourth of the entire length from the anterior extremity; posterior umbonal ridge 

subangular, cardinal slope abrupt, in casts of the interior with a linear impression 

close to and on each side of the hinge line. Anterior end small, contracted a little 

in front of the beaks, almost uniformly rounded; posterior end oblique, sloping 

upward and forward from the produced and narrowly rounded lower part. 

Interior with the anterior pair of muscular scars rather distinctly marked and 

large; above and between them and the beaks, two other very small pairs of scars 

are to be seen on the specimen figured above, but the posterior muscles left no 

appreciable impressions. Surface of casts with few obscure folds of growth. 

This shell is related to O. curvatum Hall and Whitfield, though more nearly 

approaching O. contractum Hall, in its outline. It differs from both in having the 

posterior end narrower and in wanting the strong concentric furrows which occur 

on the posterior cardinal slopes of those shells. 
Formation and locality.-Middle third of the Trenton shales, St. Anthony Park, St. Paul, Minnesota. 
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lOrthodesma soh uohertl. 

ORTHODESMA SCHUCHERTI, n. sp. 

PLATE XXXVI, FIGS. 25 and 26. 

Shell only moderately elongate, subovate, between two and two and one-half 

times as long as wide; cardinal and basal margins nearly straight, gradually diverg

ing posteriorly to near the posterior end, where the hight is equal to once and a half 

times the hight at the beaks; posterior margin obliquely truncate above and rather 

strongly rounded in the lower half; the anterior end, though narrowly rounded, is 

still a little wider and shorter than usual for the genus. Umbones not prominent, 

les8 so than usual, compressed; beaks incurved, a little less than one-sixth of the 

length of the shell from the anterior extremity; umbonal ridge sub angular and a 

well marked feature above, becoming obtuse and at last indistinguishable as it is 

traced to the postero-basal margin. Mesial sulcus undefined, obsolete, the surface 

anterior to the umbonal ridge being scarcely flattened. Surface with a very fine 

and a stronger set of concentric lines. Anterior muscular impression large, well 

defined, the inner side somewhat straightened, giving it a semicircular shape. 

This species, which, in the absence of a mesial sulcus, recalls Actinomya, is still 

so much like Orthodesma in all other respects that its generic position cannot be in 

doubt. Indeed, excepting the feature mentioned, the species is very similar to 

O. recta, the type of the genus. That species is more elongate and narrower poster

iorly, and has oblique folds on the cardinal slope not seen on the Minnesota form. 

The specific name is given in honor of Mr. Charles Schuchert, who found the 

only specimen seen. 

Formation and locality.-Middle Galena, Weisbach's dam, near Spring Valley, Minnesota. 

Mus. Reg. No. 8343. 

ORTHODESMA SUBNASUTUM Meek and Worthen. 

PLATE XXXVI, FIGS. 23 and 24. 

Modiolopsis 8ttbnasutct MEEK and WORTHEN, 1870. Proc. Phila. Acad. Nat. SeL, p. 41; 18'i5, Geol. 
Sur. Ill., vol. vi, p. 494. (Not Modiolopsis subnasuta Hall, 1860.) 

2odiolopsis carrollensis WORTHEN, 1882, Bull. No.1, Ill. St. Mus. Nat. Rist. 

Shells rather small, elongate, narrow and slightly arcuate, the length a little 

more than two and one-half times the greatest posterior hight and more than three 

and a half times the hight at the beaks. Valves rather strongly convex, the most 

prominent part being on the well defined umbonal ridge a little behind and above 

the middle of the valves. Dorsal and ventral margins slightly diverging posteriorly, 

the former very gently arcuate, the latter with an equally slight and broad sinuosity 

chiefly anterior to the middle. Anterior end narrow, produced, rather sharply rounded 
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LOrthodesmaschuchertl. 

ORTHODESMA SCHUCHERTI, n. sp. 

PLATE XXXVI. FIGS. 25 aud 26. 

Shell only moderately elongate, subovate, between two and two and one-half 

times as long as wide; cardinal and basal margins nearly straight, gradually diverg

ing posteriorly to near the posterior end, where the hight is equal to once and a half 

times the hight at the beaks; posterior margin obliquely truncate above and rather 

strongly rounded in the lower half; the anterior end, though narrowly rounded, is 

still a little wider and shorter than usual for the genus. Umbones not prominent, 

less so than usual, compressed; beaks incurved, a little less than one-sixth of the 

length of the shell from the anterior extremity; umbonal ridge sub angular and a 

well marked feature above, becoming obtuse and at last indistinguishable as it is 

traced to the postero-basal margin. Mesial sulcus undefined, obsolete, the surface 

anterior to the umbonal ridge being scarcely flattened. Surface with a very fine 

and a stronger set of concentric lines. Anterior muscular impression large, well 

defined, the inner side somewhat straightened, giving it a semicircular shape. 

This species, which, in the absence of a mesial sulcus, recalls Actinomya, is still 

so much like Orthodesma in all other respects that its generic position cannot be in 

doubt. Indeed, excepting the feature mentioned, the species is very similar to 

O. recta, the type of the genus. That species is more elongate and narrower poster

iorly~ and has oblique folds on the cardinal slope not seen on the Minnesota form. 

The specific name is given in honor of Mr. Charles Schuchert, who found the 

only specimen seen. 

FOTmation and locality.-Middle Galena, Weisbach's clam, near Spring Valley. Minnesota. 

Mus. Reg. No. 8343. 

ORTHODESMA SUBNASUTUM ~Meek and Worthen. 

PLATE XXXVI, FIGS. 23 and 24. 

Modiolopsis subnasuta MEEK and WORTHEN, 1870. Proc. Phila. AcarI. Nat. Sci., p. 41; 1875, Geol. 
Sur. Ill., vol. vi, p. 494. (Not Modiolopsis subnasuta Hall, 1860.) 

~odiolopsis carrollensis WORTHEN, 1882, Bull. No. I, Ill. St. Mus. Nat. Hist. 

Shells rather small, elongate, narrow and slightly arcuate, the length a little 

more than two and one-half times the greatest posterior hight and more than three 

and a half times the hight at the beaks. Valves rather strongly convex, the most 

prominent part being on the well defined umbonal ridge a little behind and above 

the middle of the valves. Dorsal and ventral margins slightly diverging posteriorly, 

the former very gently arcuate, the latter with an equally slight and broad sinuosity 

chiefly anterior to the middle. Anterior end narrow, produced, rather sharply rounded 
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posterior edge obliquely truncate, very gently convex above the narrowly rounded 

basal part and passing rather abruptly into the hinge line. Beaks not prominent, com

pressed, situated between one-fifth and one-sixth of the length of the shell behind the 

anterior extremity. Surface of cast showing moderately distinct irregular concen

tric undulations, which are most strongly defined on the umbonal ridges and on the 

flattened or concave flanks. 'l;hese are crossed on the cardinal slopes by two obscure 

sulci. Anterior muscular scar moderate in size and definition, ovate; small pedal 
muscular scars distinct above them. 

The valves of this shell gape very slightly posteriorly and probably also in front, 

but upon this point the material at hand presents no conclusive evidence. They 

have also the point of greatest convexity a little behind the center. Both of these 

features are characteristic of Orthodesma. On the other hand the species presents 

considerable resemblance to the early elongate forms of Modiolopsis like M. arguta, 

but this indicates, I believe, merely, what I have already stated, a common origin 

for the two genera and not that O. subnasutum wa<:J evolved from the Modiolopsis. I 

come to this conclusion because the present species is even nearer the O. minnesotense 

which occurs in the same beds holding M. argutct. Further, as regards the develop

mental history of Orihodesma, I view O. minnesotense and O. subnasutum as the earliest 

known stages in the line of development that produced O. curvatum H. and W., and 

one or two undescribed species occurring at Cincinnati, Ohio, while O. r·ectum H. and 

W., appears to have been derived through intermediate species from O. schucherti. 

Specifically O. subnasuium is distinguished from O. minnesotense by its more 

elongate and posteriorly diverging form, better defined mesial depression, the longi

tudinal sulci on the cardinal slope, and more distinct concentric folds. 

As regards the name of the species, it will be seen from the synonomy that 

Meek and Worthen first called it Modiolopsis subnasuta, being evidently unaware 

that the same name had been used previously by Prof. James Hall (Can. Nat. and 

Geol., vol. v, p. 148; 1860) for an Upper Silurian species from Canada. This fact 

being brought to the notice of Prof. Worthen he, in 1882, proposed to change the 

name to Modiolopsis carrollensis, and this specific designation will have to be used 

should the Canadian species also prove to be an Orthodesma. But until that has been 

established, the original name will have a clear field. 

Formation and locality.-The types of the species are from the Galena of Oarroll county, Illinois. 
The specimen here figured and described is from the same horizon near Dixon, Illinois. In Minnesota 
the species is to be looked for in the" Maclurea beds" of the Galena. 
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muscular scars distinct above them. 

The valves of this shell gape very slightly posteriorly and probably also in front, 

but upon this point the material at hand presents no concl usive evidence. They 

have also the point of greatest convexity a little behind the center. Both of these 

features are characteristic of Orihodesma. On the other hand the species presents 

considerable resemblance to the early elongate forms of Modiolopsis like M. argtlia, 

but this indicates, I believe, merely, what I have already stated, a common origin 

for the two genera and not that O. subnastltum wa'l evolved from the Modiolopsis. I 

come to this conclusion because the present species is even nearer the O. minnesotense 

which occurs in the same beds holding M. arguta. Further, as regards the develop

mental history of Orthodesma, I view O. minnesotense and O. subnasutum as the earliest 

known stages in the line of development that produced O. curvatum H. and W., and 

one or two undescribed species occurring at Cincinnati, Ohio, while O. rectum H. and 

W., appears to have been derived through intermediate species from O. schucherti. 

Specifically O. subnasutum is distinguished from O. minnesoiense by its more 

elongate and posteriorly diverging form, better defined mesial depression, the longi

tudinal sulci on the cardinal slope, and more distinct concentric folds. 

As regards the name of the species, it will be seen from the synonomy that 

Meek and Worthen first called it Modiolopsis subnasuta, being evidently unaware 

that the same name had been used previously by Prof. James Hall (Can. Nat. and 

Geol., vol. v, p. 148; 1860) for an Upper Silurian species from Canada. This fact 

being brought to the notice of Prof. Worthen he, in 1882, proposed to change the 

name to Modiolopsis can'ollensis, and this specific designation will have to be used 

should the Canadian species also prove to be an Orthodeslna. But until that has been 

established, the original name will have a clear field. 

Formation and locality.-The types of the species are from the Galena of Carroll county, Illinois. 
The specimen here figured and described is from the same horizon near Dixon, Illinois. In Minnesota 
the species is to be looked for in the" Maclurea beds" of the Galena. 
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ORTHODESMA CANALICULATUM. 

PLATE XXXVII, FIGS, 7-11. 

Shell elongate, the length three times the hight; cardinal and basal margins 

straight, nearly parallel; posterior margin oblique, rounding into the hinge line, below 

which it slopes backward with a gentle curve to the postero-basal extremity where 

it turns abruptly into the basal line; anterior end contracted in front of the beaks, of 

mo~erate length, rounded, most prominent a little above the middle. In a side view 

the beaks project very little, are compressed by a broad shallow sulcus which crosses 

the valves and occupies a large part of the anterior three-fifths of the shell; umbonal 

ridge rather distinct, extending from the beaks to the postero-basal extremity. In 

a cardinal view of casts of the interior, the only condition in which the species has 

been noticed, the hinge line is strongly depressed, lying at the bottom of a wide and 

deep channel, deepest between the rather widely separated beaks and gradually 

shallowing posteriorly. Casts usually almost smooth, exhibiting only a small num

ber of obscure concentric furrows. One specimen preserves a small part of the shell 

and this shows that near the dorsal edge the outer surface is marked with somewhat 

regular raised lines, about six of them in 5 mm. The best preserved casts exhibit in 

the posterior half of the mesial sulcus a number of obseure radii. Anterior muscular 

scar sharply defined at the inner side, rather sman, brQad-oval or circular, occupying 

the middle two-fourths of the upper half of the anterior end. Posterior impression 

somewhat larger than the anterior, subcircular, with a narrow prolongation extend

ing forward nearly parallel with the posterior cardinal margin. Pallial line distinct 

in the anterior half, consisting (on the casts) of a straight row of obscure pustules 

extending in a slightly oblique direction from the base of the anterior adductor 

impression toward a point much mearer the ventral border. 

There are several peculiar features about this species. (1) I have never seen its 

valves separate, a fact indicating, if it is not fully accounted for by the next circum

stance, a strong ligament. (2) Its natural position seems to have been with the 

anterior end down, and so it is commonly found in the shales, and in consequence 

it is often greatly shortened by pressure. (3) The channel-like depression of the 

hinge; and (4) the unusual course of the anterior half of the pallial line. These 

peculiarities distinguish the species readily from all others of the genus known. 

Formation and locaZity.-Hudson River group, Spring Valley, Minnesota. Fragments have been 
found at many localities in Ohio and Indiana where the upper beds of the Oincinnati formation are 
exposed. Good specimens, howev<Jf, are very rare. 
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ORTHODESMA CANALICULATUM. 

PLATE XXXVII. FIGS. 7-11. 

Shell elongate, the length three times the hight; cardinal and basal margins 

straight, nearly parallel; posterior margin oblique, rounding into the hinge line, below 

which it slopes backward with a gentle curve to the postero-basal extremity where 

it turns abruptly into the basal line; anterior end contracted in front of the beaks, of 

mo~erate length, rounded, most prominent a little above the middle. In a side view 

the beaks project very little, are compressed by a broad shallow sulcus which crosses 

the valves and occupies a large part of the anterior three-fifths of the shell; umbonal 

ridge rather distinct, extending from the beaks to the postero-basal extremity. In 

a cardinal view of casts of the interior, the only condition in which the species has 

been noticed, the hinge line is ~trongly depressed, lying at the bottom of a wide and 

deep channel, deepest between the rather widely separated beaks and gradually 

shallowing posteriorly. Casts usually almost smooth, exhibiting only a small num

ber of obscure concentric furrows. One specimen preserves a small part of the shell 

and this shows that near the dorsal edge the outer surface is marked with somewhat 

regular raised lines, about six of them in 5 mm. The best preserved casts exhibit in 

the posterior half of the mesial sulcus a number of obscure radii. Anterior muscular 

scar sharply defined at the inner side, rather ~maJl, brQad-oval or circular, occupying 

the middle two-fourths of the upper half of the anterior end. Posterior impression 

somewhat larger than the anterior, subcircular, with a narrow prolongation extend

ing forward nearly parallel with the posterior cardinal margin. Pallial line distinct 

in the anterior half, consisting (on the casts) of a straight row of obscure pustules 

extending in a slightly oblique direction from the base of the anterior adductor 

impression toward a point much lilearer the ventral border. 

There are severa,l peculiar features about this species. (1) I have never seen its 

valves separate, a fact indicating, if it is not fully accounted for by the next circum

stance, a strong ligament. (2) Its natural position seems to have been with the 

anterior end down, and so it is commonly found in the shales, and in consequence 

it is often greatly shortened by pressure. (3) The channel-like depression of the 

hinge; and (4) the unusual course of the anterior half of the pallial line. These 

peculiarities distinguish the species readily from all others of the genus known. 

Formation and locality.-Hudson River group, Spring Valley, Minnesota. Fragments have been 
found at many localities in Ohio and Indiana where the upper beds of the Cincinnati formation are 
exposed. Good specimens, howev"r, are very rare. 
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Genus MODIOLODON, n. gen. 

Cyrtodonta (part.) SAFFORD, 1869, Geol. of Tenn.; Mocliolopsis (part.), ULmeR, 1890, Amer. Geol., 
vol, v. 

Ovate shells of the same general type as Modiolopsis and Modiomorpha, but hav

ing from one to three oblique cardinal teeth in each valve. 

Type: Modiolopsis ovijormis Ulrich. 

The hinge in this genus is much like that of Ischyrodonta, Ulrich, and I might have 

placed the species under that genus were it not for the fact that their shells are of 

the same composition as those of Modiolopsis, while the shells of that genus are gen

erally heavier and of the more calcareous nature characterizing the Cyrtodontidre. 

The development of distinct cardinal teeth is an important deviation from 

Modiolopsis, and I cannot see how anyone could object to the generic separation 

of species possessing them. Surely, if .Modiomorpha can stand, then Modiolodon must, 

for its claims for recognition are certainly better. This may be seen from the accom

panying sketches of the hinges of the three genera. 

• 

Fig. 40. Hinges of Modiolopsis, Jfodiornorpha and Modiolodon. a, anterior balf of binge of a 
rigbt valve of Modiolopsis versaillensis Miller, from tbe upper part of tbe Oincinnati group at Versailles, 
Indiana. b, hinge of a right val ve of Mod7:olopsis valida, a new species from tbe top of tbe Lower 
Silurian at Waynesville, Ohio. Tbis species, though closely related to M. rnodiolaris, has a wider hinge 
plate than in any other species of the genus known.. c, hinge of a left valve of JJlodiomorpha concentrica 
Oonrad, sp., from the Hamilton of New Yorl{. d, anterior part of hinge of right valve of Modiolodon 
ganti (Cyrtodonta ganti Safford), e and j, of right and left valves of Modiolodon winchelli (Cyrtodonta 
winchelli Safford), and g, of a left valve of Modiolodon ovijormis Ulrich; all from the middle Trenton 
("Orthis beds") of Wilson county, Tennessee, and from specimens kindly given to the author by Prof. 
J. M. Safford. 

Modiolodon ganti and M. winchelli, two of the most typical species of this genus, 

were placed into the genus Cyrtorionta, Billings, by Prof. Safford. Aside from their 

different shell structure, they have no right in that genus, being without posterior 

lateral teeth. 

MODIOLODON PATULUS, n. sp. 

PLATE XXXVII, FIGS. 20-24. 

Shell of medium size, suberect, compressed convex, broad ovate, very inequi

lateral; anterior end very short, in the casts occupied almost entirely by the strongly 

elevated, lobe-like, anterior muscular scar. Hinge line short, the posterior part of 
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Cyrtodonta (part.) SAFFORD, 1869, Geol. of Tenn.; Modiolopsis (part.), ULmeR, 1890, Amer. Geol., 
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Ovate shells of the same general type as Modiolopsis and Modiomorpha, but hav

ing from one to three oblique cardinal teeth in each valve. 

Type: Modiolopsis ovijormis Ulrich. 

The hinge in this genus is much like that of Ischyrodonta, Ulrich, and I might have 

placed the species under that genus were it not for the fact that their shells are of 

the same composition as those of Modiolopsis, while the shells of that genus are gen

erally heavier and of the more calcareous nature characterizing the Cyrtodontidrl;. 

The development of distinct cardinal teeth is an important deviation from 

Modiolopsis, and I cannot see how anyone could object to the generic separation 

of species possessing them. Surely, if JJlodiomorpha can stand, then Modioloclon must, 

for its claims for recognition are certainly better. This may be seen from the accom

panying sketches of the hinges of the three genera. 

Fig. 40. Hinges of Modiolopsis, Jfodiornorpha and Modioloclon. a, anterior half of hinge of a 
right valve of Modiolopsis versaillensis Miller, from the upper part of the Oincinnati group at Versailles, 
Indiana. b, hinge of a right valve of Modiolopsis valida, a new species from the top of the Lower 
Silurian at Waynesville, Ohio. This species, though closely related to M. rnodiolaris, has a wider hinge 
plate than in any other species of the genus known. c, hinge of a left valve of JJlodiomorpha concentrica 
Oonrad, sp., from the Hamilton of New York. d, anterior part of hinge of right valve at Modiolodon 
ganti (Cyrtodonta ganti Safford), e and j, of right and left valves of Modiolodon winchelli (Cy?'todonta 
winchelli Safford), and g, of a left valve of Modiolodon oviforrnis Ulrich; all from the middle Trenton 
("Orthis beds") of Wilson county, Tennessee, and from specimens kindly given to the author by Prof. 
J. M. Safford. 

Modiolodon ganti and M. winchelli, two of the most typical species of this genus, 

were placed into the genus Cyrtoaonta, Billings, by Prof. Safford. Aside from their 

different shell structure, they have no right in that genus, being without posterior 

lateral teeth. 

MODIOLODON PATULUS, n. sp. 

PLATE XXXVII, FIGS. 20-24. 

Shell of medium size, suberect, compressed convex, broad ovate, very inequi

lateral; anterior end very short, in the casts occupied almost entirely by the strongly 

elevated, lobe-like, anterior muscular scar. Hinge line short, the posterior part of 
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the cardinal region compressed and rounding, except in the youngest stages, gradu

ally into the posterior margen. Beaks small, rather prominent, scarcely incurved 

in the shell and not at all in the casts. Surface of casts almost uniformly convex. 

Pallial line distinct along the anterior and ventral margins, not traced posteriorly; 

nor has the posterior muscular scar been observed. Hinge with two interlocking 

cardinal teeth in the left valve, and corresponding socRets and teeth in the right. 

This shell is wider, more erect and more uniformly convex than M. oviformis, 

the type of the genus. The erectness of the beaks is a very unusual feature among 

the Modiolopsidce and should render good service in the identification of the species. 

Formation and locality.-Middle Galena, Kenyon, Goodhue county, Minnesota. and Decorah, Iowa; 
also in the Trenton near Danville, Kentucky. Rare. 

M1!3. Reg. No. 8363. 

MODIOLODON (~) GIBBUS, n. Sp. 

PLATE XXXV, FIGS. 28 and 29. 

Shell small, obliquely ovate, the anterior end very ~mall, separated as a bicarin

ated lobe from the body of the shell by a distinct sulcus extending vertically across 

th~ valves from the anterior side of the beaks. Behind this sulcus the valves are 

gibbous, especially in the umbonal region and anterior to the center; posterior 

cardinal region somewhat compressed; beaks full, prominent, incurved. Surface 

with simple concentric lines of growth, rather stronger in the sulcus than else

where. Hinge very thin immediately under and behind the beaks. It widens some in 

front of them, and here the left valve exhibits a small protuberance. Being a small 

shell, and the specimen not very well preserved, the nature of this protuberance has 

not been determined with certainty. Examined under a good lens it looks like the 

remains of a double tooth. Muscular scars and pallial line not observed. 

This species cannot be confounded with any Lower Silurian bivalve known to 

me. The small size and peculiar character of the anterior end, and the unusual 

gibbosity of the shell, render its systematic position doubtful. I place it with 

]lodiolodon chiefly because the outline is much like that of M. patulus, but I 
suspect strongly that it belongs to an undescribed genu~. 

Formation and locality.- Upper third of the Trenton shales near Cannon Falls, Minnesota. 

Genus COLPOMYA, n. gen. 

Shell subelongate, oblique, inequilateral, subrhomboidal or ovate in outline , 
widest posteriorly or with the ventral and dorsal margins nearly parallel. Mesial 

522 THE PALEONTOLOGY OF MINNESOTA. 
[Modiolodon (?) gibbuS. 

the cardinal region compressed and rounding, except in the youngest stages, gradu

ally into the posterior margen. Beaks small, rather prominent, scarcely incurved 

in the shell and not at all in the casts. Surface of casts almost uniformly convex. 

Pallial line distinct along the anterior and ventral margins, not traced posteriorly; 

nor has the posterior muscular scar been observed. Hinge with two interlocking 

cardinal teeth in the left valve, and corresponding socRets and teeth in the right. 

This shell is wider, more erect and more uniformly convex than M. ovijormis, 

the type of the genus. The erectness of the beaks is a very unusual feature among 

the Mod'iolopsidce and should render good service in the identification of the species. 

Formation and locality.-Middle Galena, Kenyon, Goodhue county, Minnesota. and Decorah, Iowa; 
also in the Trenton near Danville, Kentucky. Rare. 

Mus. Reg. No. 8363. 

MODIOLODON 0) GIBBUS, n. Sp. 

PLA'l'E XXXV. FIGS, 28 and 29. 

Shell small, obliquely ovate, the anterior end very small, separated as a bicarin

ated lobe from the body of the shell by a distinct sulcus extending vertically across 

th~ valves from the anterior side of the beaks. Behind this sulcus the valves are 

gibbous, especially in the umbonal region and anterior to the center; posterior 

cardinal region somewhat compressed; beaks full, prominent, incurved. Surface 

with simple concentric lines of growth, rather stronger in the sulcus than else

where. Hinge very thin immediately under and behind the beaks. It widens some in 

front of them, and here the left valve exhibits a small protuberance. Being a small 

shell, and the specimen not very well preserved, the nature of this protuberance has 

not been determined with certainty. Examined under a good lens it looks like the 

remains of a double tooth. Muscular scars and pallial line not observed. 

This species cannot be confounded with any Lower Silurian bivalve known to 

me. The small size and peculiar character of the anterior end, and the unusual 

gibbosity of the shell, render its systematic position doubtful. I place it with 

Modiolodon chiefly because the outline is much like that of M. patulus, but I 
suspect strongly that it belongs to an undescribed genus. 

Formation and locality.- Upper third of the Trenton shales near Cannon Falls, Minnesota. 

Genus COLPOMYA, n. gen. 

Shell subelongate, oblique, inequilateral, subrhomboidal or ovate in outline, 

widest posteriorly or with the ventral and dorsal margins nearly parallel. Mesial 
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sulcus distinct, causing a flattening of the umbones and a sinus in the ventral mar

gin. Umbonal ridge prominent, strongly convex. Hinge plate straight, long, very 

thin posterior to the beaks, much heavier in front of them; beneath the beak of the 

right valve a tooth-like prominence which fits into a corresponding depression 

beneath the beak of the left valve; in front and beneath this depression in the 

left valve, a strong process projects obliquely downward, backward and toward the 

opposite valve, and is partly received in a socket that defines the anterior side of 

the tooth in the right valve, while its lower end curves under that tooth. Muscular 

scars and pallial line apparently as in Modiolopsis, excepting that there is a small 

accessory scar in the hinge plate just behind the anterior adductor, as in Ischyrodonta. 
Type: Colpornya consfricta n. sp. 

Fig. 41. Colpomya conRtricta Ulrich, top of Trenton group, Frankfort, Kentucky. a, right valve, 
showing the usual characters of the species; b, interior of a left valve;' c, interior of· an imperfect 
right valve. 

Colpomya evidently belongs to the Modiolopsida? with relations to Modiolopsis, Mo

diolodon and Orthodesma. In none of those genera, however, are the umbonal ridges 

and the mesial sulci quite such marked features, at any rate it would be rare, so that 

we may fairly regard their distinct development in shells of this family as indicative 

of Colpomya. When we come to internal characters all comparisons with the fir~t 

and last of these genera may as well cease, since in both the hinge is practically 

toothless. In Modiolodon, however, we find cardinal teeth, but everyone will admit 

that they are very different from those of the genus under consideration. There is 

nothing to represent the oblique process which projects under the tooth and hinge 

plate of the right valve, the teeth being approximately equalin the two valves of 

Modiolodon. 

The species to be placed ino this genus are not numerous and with two possible 

exceptions are all new. The exceptions are Modiolopsis milleri Ulrich, from the 

Cincinnati rocks, and M. laba Hall, said to be a Trenton and Hudson River species. 

The general expression of these shells is very much as in undoubted species of Col

pomya, but as their hinges are not yet known, their removal from Modiolopsis now 

would be of very doubtful advantage. Of four new species, C. demissa is a lower 

Trenton form, while the type of the genus and two other species occur in the 

upper Trenton of Kentucky, 

dolpomya.] tAMELtIBRA1WHtATA. 523 

sulcus distinct, causing a flattening of the umbones and a sinus in the ventral mar

gin. Umbonal ridge prominent, strongly convex. Hinge plate straight, long, very 

thin posterior to the beaks, much heavier in front of them; beneath the beak of the 

right valve a tooth-like prominence which fits into a corresponding depression 

beneath the beak of the left valve; in front and beneath this depression in the 

left valve, a strong process projects obliquely downward, backward and toward the 

opposite valve, and is partly received in a socket that defines the anterior side of 

the tooth in the right valve, while its lower end curves under that tooth. Muscular 

scars and pallial line apparently as in Modiolopsis, excepting that there is a small 

accessory scar in the hinge plate just behind the n,nterior adductor, as in Ischyrodonta. 
Type: Colp01nya constricta n. sp. 

Fig. 41. Colpomya con8tricta Ulrich, top of Trenton group, Frankfort, Kentucky. a, right valve, 
showing the usual characters of the species; b, interior of a left valve;' c, interior of an imperfect 
right valve. 

Colpomya evidently belongs to the Modiolopsid((, with relations to }.{odiolopsis, Mo

diolodon and Orthodesma. In none of those genera, however, are the umbonal ridges 

and the mesial sulci quite such marked features, at any rate it would be rare, so that 

we may fairly regard their distinct development in shells of this family as indicative 

of Colpomya. When we come to internal characters all comparisons with the fir~t 

and last of these genera may as well cease, since in both the hinge is practically 

toothless. In Modiolodon, however, we find eardinal teeth, but everyone will admit 

that they are very different from those of the genus under consideration. There is 

nothing to represent the oblique process which projects under the tooth and hinge 

plate of the right valve, the teeth being approximately equal in the two valves of 

Modiolodon. 

The species to be placed ino this genus are not numerous and with two possible 

exceptions are all new. The exceptions are Modiolopsis maleri Ulrich, from the 

Cincinnati rocks, and M. laba Hall, said to be a Trenton and Hudson River species. 

The general expression of these shells is very much as in undoubted species of Col

pomya, but as their hinges are not yet known, their removal from Modiolopsis now 

would be of very doubtful advantage. Of four new species, C. demissa is a lower 

Trenton form, while the type of the genus and two other species occur in the 

upper Trenton of Kentucky. 
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COLPOMYA DEMISSA, n. sp, 

PLATE XXXVI. FIGS. 21 and 22. 

Shell small, gibbous, arcuate, subtriangular, very high posteriorly; hinge line 

very slightly arcuate, nearly as long as the shell, forming an angle where it joins 

the nearly erect and broadly rounded posterior margin; ventral margin abruptly 

rounded and much produced in the posterior third, then ascending rapidly with a 

broad yet distinctly concave curve into the narrow anterior end, which is most 

prominent above where it turns sharply into the hinge line. Beaks of moderate 

size, compressed, incurved, about one-sixth of the length of the shell from the 

anterior extremity; umbonal ridge prominent, strongly rounded, curved. Mesial 

sulcus broad and deep, occupying the greater portion of the ventral slope. Cardinal 

slopes slightly concave, somewhat compressed and alate posteriorly. Surface with 

distinct subequal concentric striffi. Hinge and interior unknown. 

The prominent umbonal ridge and deep mesial sulcus are the characters that 

have induced me to place this peculiar little shell with Colpomya. Compared with 

the other species of this genus, it will be found to differ in the much greater hight 

of its posterior end. Of Minnesota species only Modiolopsis concava is at all similar, 

but even here there is scarcely a possibility of confusion, that species being more 

elongate, its anterior end much narrower and the posterior outline quite different. 

Formation and locality.-Middle third of the Trenton shales, Ohatfield, Minnesota. 

Genus ARISTERELLA, n. gen. 

Shell small, almost smooth, subovate, moderately convex, inequivalved, the left 

valve smaller than the right. No mesial sulcus. Muscular and pallial impressions 

as in Actinomya. Hinge plate apparently very thin and edentulous. 

This genus is founded upon a single species, which might have been placed into 

either Actinomya or Eurymya were it not for its unequal valves. 

ARIS'l'ERELLA NITIDULA, n. sp. 

PLATE .xxxv, FIGS. 30-39. 

Shell 'small, 5 to 8 mm. long, subovate, narrowest anteriorly; hinge line nearly 

straight, long; posterior margin slightly oblique, broadly rounded, subangular at the 

extremity of the hinge; basal margin gently convex, ascending into the ~arrowly 

rounded anterior end. Beaks situated about one-fifth of the length of the shell from 

the anterior extremity, small, projecting slightly above the hinge, and that of the 
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have induced me to place this peculiar little shell with Colpomya. Compared with 

the other species of this genus, it will be found to differ in the much greater hight 

of its posterior end. Of Minnesota species only Modiolopsis concava is at all similar, 

but even here there is scarcely a possibility of confusion, that species being more 

elongate, its anterior end much narrower and the posterior outline quite different. 

Formation and locality.-Middle third of the Trenton shales, Ohatfield, Minnesota. 

Genus ARISTERELLA, n. gen. 

Shell small, almost smooth, subovate, moderately convex, inequivalved, the left 

valve smaller than the right. No mesial sulcus. Muscular and pallial impressions 

as in Actinomya. Hinge plate apparently very thin and edentulous. 

This genus is founded upon a single species, which might have been placed into 

either Actinomya or Eurymya were it not for its unequal valves. 

ARIS'l'ERELLA NITIDULA, n. sp. 
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Shell'small, 5 to 8 mm. long, subovate, narrowest anteriorly; hinge line nearly 

straight, long; posterior margin slightly oblique, broadly rounded, subangular at the 

extremity of the hinge; basal margin gently convex, ascending into the ~arrowly 

rounded anterior end. Beaks situated about one-fifth of the length of the shell from 

the anterior extremity, small, projecting slightly above the hinge, and that of the 
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right valve beyond that of the left. Umbonal ridge inconspicuous. Surface of shell 

smooth, nothing but an occasional growth line having been detected on any of the 

specimens seen. A good cast of the interior shows that the pallial line and muscular 

scars are very faintly impressed; the anterior scar is small, ovate, and situated in 

front of the beaks close to the hinge line; the posterior scar at least twice as large 

and situated just behind the center of the cardinal slope. As shown in figs. 33 and 

35, the relative convexity of the two valves varies, the thickness of the left in some 

specimens being only half as great as that of the right, while in others it is quite 

two-thirds. A slight gap is left between the posterior edges of the valves. 

I am not acquainted with any Silurian shell with which this species might be 

confounded. Several small species of JJlodiolopsis and Colpomya demissa are associ

ated with it, but they can all be distinguished without the slightest trouble. 

Formation and locality.-Middle third of the Trenton shales, Chatfield. Minnesota. 

Mus. Reg. No. 8450. 

Genus ENDODESMA, n. gen. 

Shell elongate, the dorsal and ventral margins subparallel, equivalved, generally 

ventricose. Mesial depression deep, often producing a decided oblique contraction 

of the shell and a sinus in the basal outline. Umbones compressed, elevated consid

erably above the hinge line on the anterior side, but not on the posterior side. Hinge 

thin, apparently edentulous. A strong linear internal ligament was attached on 

each side to a rib or ridge. Back of shell flattened or with the edges of the valves 

bent inward without, however, forming a true escutcheon. More or less well defined 

lunule in front of the beaks. An obscure sulcus in the middle of the cardinal slope. 

Shell very thin; surface marked with concentric growth lines. Muscular scars and 

pallial line so faintly impressed that they have not been determined satisfactorily. 

Type: Endodesma cuneatum, n. sp. 

This well marked genus is placed in the family Modiolopsidce chiefly in deference 

to the views of Hall, Billings, and Meek and Worthen, who have each described a 

species as belonging to Modiolopsis. According to my own conviction there is little 

indeed to suggest that genus, the shape of the shell being often quite different (in 

this respect some of the species remind of Orthodesma) and the mesial depression 

. deeper, while the faintness-so far as can be seen the total absence-of muscular 

scars on casts of the interior is not only a striking but an important difference. In 

the faintness of the muscular impressions the new genus agrees with the most typ

ical forms of Actinomya, but they are distinguished at once by their want of a mesial 

contraction, in consequence of which their basal outlines are gently convex instead 
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right valve beyond that of the left. Umbonal ridge inconspicuous. Surface of shell 

smooth, nothing but an occasional growth line having been detected on any of the 

specimens seen. A good cast of the interior shows that the pallial line and muscular 

scars are very faintly impressed; the anterior scar is small, ovate, and situated in 

front of the beaks close to the hinge line; the posterior scar at least twice as large 

and situated just behind the center of the cardinal slope. As shown in figs. 33 and 

35, the relative convexity of the two valves varies, the thickness of the left in some 

specimens being only half as great as that of the right, while in others it is quite 

two-thirds. A slight gap is left between the posterior edges of the valves. 

I am not acquainted with any Silurian shell with which this species might be 

confounded. Several small species of ]lodiolopsis and Colpomya demissa are associ

ated with it, but they can all be distinguished without the slightest trouble. 

Formation and locality.-Middle third of the Trenton shales, Chatfield. Minnesota. 

Mus. Reg. No. 11450. 

Genus ENDODESMA, n. gen. 

Shell elongate, the dorsal and ventral margins subparallel, equivalved, generally 

ventricose. Mesial depression deep, often producing a decided oblique contraction 

of the shell and a sinus in the basal outline. Umbones compressed, elevated consid

erably above the hinge line on the anterior side, but not on the posterior side. Hinge 

thin, apparently edentulous. A strong linear internal ligament was attached on 

each side to a rib or ridge. Back of shell flattened or with the edges of the valves 

bent inward without, however, forming a true escutcheon. More or less well defined 

lunule in front of the beak~. An obscure sulcus in the middle of the cardinal slope. 

Shell very thin; surface marked with concentric growth lines. Muscular scars and 

pallial line so faintly impressed that they have not been determined satisfactorily. 

Type: Endodesma cuneatum, n. sp. 

This well marked genus is placed in the family Modiolopsidre chiefly in deference 

to the views of Hall, Billings, and Meek and Worthen, who have each described a 

species as belonging to Modiolopsis. According to my own conviction there is little 

indeed to suggest that genus, the shape of the shell being often quite different (in 

this respect some of the species remind of Orthodesma) and the mesial depression 

deeper, while the faintness-so far as can be seen the total absence-of muscular 

scars on casts of the interior is not only a striking but an important difference. In 

the faintness of the muscular impressions the new genus agrees with the most typ

ical forms of Actinomya, but they are distinguished at once by their want of a mesial 

contraction, in consequence of which their basal outlines are gently convex instead 
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of sinuate. Endodesma finally is separated from all true Modiolops-idm by the lunule 

in front of the beaks and the sulcus and ridge on each side of the hinge line. 

A more natural placement of the genus seems to me to be near Rhytimya, 

Ulrich, which is regarded as an early type of the Pholadellidm. But as Endodesma 

evidently is a complex primitive type with characters suggesting widely different 

Lamellibranchiata it is probably good policy to defer coming to a final conclusion 

as to its position until we know more of the origin of the group of species and its 

development in times succeeding the Trenton to which all the species now known 

are restricted. 

Six species of Endodesma are illustrated in this work. Besides these, Modiolop

sis? trenton ens is (Conrad) Hall, is almost certainly also referable to the genus. 

ENDODESMA CUNEATUM, n. sp. 

PLATE XXXVI, FIGS. 33,34. 

Shell elongate, the length and greatest hight, which is subcentral, respectively 

as nine is to four. Valves strongly convex, the point of greatest thickness on the 

umbonal ridge above and in front of the center; cuneate posteriorly. Dorsal mar

gin gently arcuate, passing rather gradually into the posterior outline; the latter is 

prominent and sharply rounded near the middle, nearly straight in the upper half 

and slightly convex below; ventral margin gently convex in the posterior half, 

straight or barely sinuate near the center of the anterior half, and rather strongly 

convex in front; anterior end short, most prominent and narrowly rounded in the 

middle, very slightly concave in the upper half. Beaks of moderate size, strongly 

incurved, with a rather distinct lunette beneath them; mesial sulcus cleariy defined; 

umbonal ridge unusually prominent, subangular near the beaks. Cardinal slope 

abrupt, concave, in casts of the interior showing a well marked curving depression 

and ridge on each side of the hinge line. Surface of cast with a few obscure con

centric folds. Anterior muscular scar very faint, situated just within the anterior 

extremity of the shell, of semielliptical shape, the inner side straight. 

This species must be closely related to E. trentonense Hall 8p., from the Trenton 

of New York, but in the figure of that species the anterior end is quite different, 

being shorter and obliquely truncate. The anterior end of the Minnesota form is 

more like that of the Canadian E. gesneri Billings, sp., but in other respects these. 
two species are quite distinct. 

Fo:m~tion an~ locality.-The spe~imen figured, which is the only one seen, was discovered by Dr. C. 
H. R~bb.1Os 10 the mIddle Galena near hIS home at Wykoff, Minnesota, and kindly given to the author for 
deSCrIptIOn. 
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of sinuate. Endodesma finally is separated from all true Modiolops'idl13 by the lunule 

in front of the beaks and the sulcus and ridge on each side of the hinge line. 

A more natural placement of the genus seems to me to be near Rhytimya, 

Ulrich, which is regarded as an early type of the Pholadellidm. But as Endodesma 

evidently is a complex primitive type with characters suggesting widely different 

Lame1libranchiata it is probably good policy to defer coming to a final conclusion 

as to its position until we know more of the origin of the group of species and its 

development in times succeeding the Trenton to which all the species now known 

are restricted. 

Six species of Endodesma are illustrated in this work. Besides these, Modiolop

sis? trentonensis (Conrad) Hall, is almost certainly also referable to the genus. 

ENDODESMA CUNEATUM, n. sp. 

PLATE XXXVI, FIGS. 33,34. 

Shell elongate, the length and greatest hight, which is sub central, respectiveJy 

as nine is to four. Valves strongly convex, the point of greatest thickness on the 

umbonal ridge above and in front of the center; cuneate posteriorly. Dorsal mar

gin gently arcuate, passing rather gradually into the posterior outline; the latter is 

prominent and sharply rounded near the middle, nearly straight in the upper half 

and slightly convex below; ventral margin gently convex in the posterior half, 

straight or barely sinuate near the center of the anterior half, and rather strongly 

convex in front; anterior end short, most prominent and narrowly rounded in the 

middle, very slightly concave in the upper half. Beaks of moderate size, strongly 

incurved, with a rather distinct lunette beneath them; mesial sulcus clearly defined; 

umbonal ridge unusually prominent, subangular near the beaks. Cardinal slope 

abrupt, concave, in casts of the interior showing a well marked curving depression 

and ridge on each side of the hinge line. Surface of cast with a few obscure con

centric folds. Anterior muscular scar very faint, situated just within the anterior 

extremity of the shell, of semielliptical shape, the inner side straight. 

This species must be closely related to E. trentonense Hall sp., from the Trenton 

of New York, but in the figure of that species the anterior end is quite different, 

being shorter and obliquely truncate. The anterior end of the Minnesota form is 

more like that of the Canadian E. gesneri Billings, sp., but in other respects these 
two species are quite distinct. 

Fo:m~tion an~ locality.-The spe~imen figured, which is the only one seen, was discovered by Dr. O. 
H. R~bb.lllS III the mIddle Galena near hIS home at Wykoff, Minnesota, and kindly given to the author for 
descnptlOn. 
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ENDODESMA POSTLATUM, n. sp. 

PLATE XXXVII, 1<'IGS.5 amI 6. 

Of this speCles I have seen only a single imperfect specimen-which under 

ordinary circumstances would scarcely merit description. Being however the most 

recent existence of the genus now known it is of interest as it may give us a clue to 

the later development of the genus. As may be seen from the figures the species is 

closely related to E. cuneatum but, as the name implies, the posterior width (hight) 

is greater in E. postlatum. In a cardinal view both ends also are more obtuse, giving 

greater convexity to the sides; the umbonal ridge, though prominent, is not so 

sharply rounded, the umbones fuller, the anterior end shorter, and the posterior 

margin more broadly rounded and most prominent in the basal half instead of near 

the middle. Finally, the mesial sulcus crosses the valves more obliquely and the 

sinuation of the ventral margin is wider and nearer the center of the length of the 

shell. 

The side view of this shell is considerably like that of several species of Modio

lopsis, but the absence of a strong anterior muscular scar on casts and the presence 

of the concave areas bordering the hinge line proves that it is not a 1l1udiolopsis but 

an Endodesma. 

Formation and locality.-Uppermust beds uf the Galena, Dubuque. Iowa, where it, was collected by 
Mr. Uharles Schuchert. 

Mus. Reg. No. 8345. 

ENDODESMA ORTHONOTUM Meek and ·Worthen. 

PLATE XXXVII, FIGS. 1 and 2. 

Modiolopsis orthonota MEEK and WORTHEN, 1868, Geol. Sur. Ill., vol. iii, p. 295. 
Modiolopsis recti/ormis WORTHEN, 1882, Bull. No.1, Ill. St. Mus. Nat. Hist., p. 38. 

Shell elongate, the length being nearly three times the hight; valves quite 

convex, the greatest convexity being a short distance above the middle, in front of 

which they have an undefined concavity commencing in the umbonal region and 

widening and deepening to the base in front of the middle. Cardinal margin long, 

very nearly straight or but slightly arched; posterior margin obliquely substrunca

ted, sometimes very faintly sinuous above, and rather narrowly rounded below the 

middle; basal margin subparallel to the dorsal, gently convex behind the middle, 

and broadly sinuous between the middle and the front; anterior side short, con

tracted beneath the beaks, narrowly rounded. Beaks depressed, appearing on a line 

with the dorsal margin, strongly incurved, placed about one-sixth of the entire 

length of the valves behind the anterior extremity; lunule rather large but not 
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ENDODESMA POSTLATUM, n. sp. 

PLATE XXXVII, FIGS. 5 ,mel 6. 

Of this speCIes I have seen only a single imperfect specimen-which under 

ordinary circumstance8 would scarcely merit description. Being however the most 

recent existence of the genus now known it is of interest as it may give us a clue to 

the later development of the genus. As may be seen from the figures the species is 

closely related to E. cuneatum but, as the name implies, the posterior width (hight) 

is greater in E. postlatum. In a cardinal view both ends also are more obtuse, giving 

greater convexity to the sides; the umbonal ridge, though prominent, is not so 

sharply rounded, the umbones fuller, the anterior end shorter, and the posterior 

margin more broadly rounded and most prominent in the basal half instead of near 

the middle. Finally, the mesial sulcus crosses the valves more obliquely and the 

sinuation of the ventral margin is wider and nearer the center of the length of the 

shell. 

The side view of this shell is considerably like that of several species of Modio

lopsis, but the absence of a strong anterior muscular scar on casts and the presence 

of the concave areas bordering the hinge line proves that it is not a lv[udiolopsis but 

an Endodesma. 

Formation and locality.-Uppermost beds of the Galena, Dubuque. Iowa, where it, was collected by 
Mr. Charles Schuchert. 

Mus. Reg. No. 8345. 

ENDODESMA ORTHONOTUM Meek and Worthen. 

PLATE XXXVII, FIGS. 1 and 2. 

Modiolopsis or tho nota MEEK and WORTHEN, 1868, Geol. Sur. Ill., vol. iii, p. 295. 
Modiolopsis recti/ormis WOl~THEN, 1882, Bull. No.1, Ill. St. Mus. Nat. Hist., p. 38. 

Shell elongate, the length being nearly three times the hight; valves quite 

convex, the greatest convexity being a short distance above the middle, in front of 

which they have an undefined concavity commencing in the umbonal region and 

widening and deepening to the base in front of the middle. Cardinal margin long, 

very nearly straight or but slightly arched; posterior margin obliquely substrunca

ted, sometimes very faintly sinuous above, and rather narrowly rounded below the 

middle; basal margin su bparallel to the dorsal, gently con vex behind the middle, 

and broadly sinuous between the middle and the front; anterior side short, con

tracted beneath the beaks, narrowly rounded. Beaks depressed, appearing on a line 

with the dorsal margin, strongly incurved, placed about one-sixth of the entire 

length of the valves behind the anterior extremity; lunule rather large but not 
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sharply defined. In the cast the dorsal edge from the beaks to near the posterior 

extremity of the hinge appears bent inward and downward. Surface marked with 

moderately distinct concentric strial of growth, crossed on the dorsal slope by an 

obscure sulcus, extending obliquely from the posterior side of the beaks to the mid

dle of the obliquely subtruncated upper part of the posterior margin. 

Length about 64 mm., greatest posterior hight 22 mm., anterior hight 21 mm., 

convexity 20 mm. 

The above description is founded upon the original type of the species which is 

preserved in the Illinois State Museum. The obscuring matrix of which the authors 

of the species complain was removed without much trouble and a good cast pre

pared. The figures on plate 37 were drawn from this counterfeit of the type and 

and give a reliable idea of the species, which most certainly cannot be said of Meek 

and Worthen's illustration. 

Comparing the species as it is now known with other forms of the genus Endo

desma we find that it is one, and the earliest, of three closely related forms which at 

first seemed scarcely distinguishable. As usual, however, with such hasty conclu

sions their error soon became manifest when careful comparisons were undertaken, 

so that now I may say that they are not only separable but with ease even when 

the specimens are complete. Thus the second of these species-the next 

described, E. undosum--is distinguished from Meek and W orthell's species by its 

irregularly undulating surface, more distinct growth lines, and uniformly rounded 

posterior margin. The third species, E. gesneri Billings' sp., is nearer than E. 

undo8um, but as a comparison of figures 1, 2,3 and 4 on plate 37 will show, there 

is in this case even little trouble in drawing the specific lilles. Meek and Wor

then in distinguishing E. orthonotum from the Canadian species seem to have 

relied chiefly upon the more central position of the point of greatest convexity 

in their species, but this difference is much less in the specimen of E. gesneri 

here illustrated.* We must therefore depend upon other differences among which 

I find one that seems to be well marked, namely, the anterior extremity of E. 

gesneri is subangular while in E. orthonotum it is almost regularly rounded. Car

rying our comparison to other points we find that in the latter the upper pos

terior edge is more truncated, the dorsal outline somewhat straighter, and the 
valves on the whole more convex and a little longer. 

I have rejected Worthen's name recti/ormis because under Endodesma the 

specific name orthonotum is not preoccupied as was the case under Modiolopsis. 

*In Billings' figure 45 b (Pal<eozoic Fossils. vo]. i, p.43) this point is so far behind the oente th tIt . d 
to believe the figure overdrawn or the specimen abnormal in this respect. r a am cons raIlle 
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sharply defined. In the cast the dorsal edge from the beaks to near the posterior 

extremity of the hinge appears bent inward and downward. Surface marked with 

moderately distinct concentric striffi of growth, crossed on the dorsal slope by an 

obscure sulcus, extending obliquely from the posterior side of the beaks to the mid

dle of the obliquely subtruncated upper part of the posterior margin. 

Length about 64 mm., greatest posterior hight 22 mm., anterior hight 21 mm., 

convexity 20 mm. 

The above description is founded upon the original type of the species which is 

preserved in the Illinois State Museum. The obscuring matrix of which the authors 

of the species complain was removed without much trouble and a good cast pre

pared. The figures on plate 37 were drawn from this counterfeit of the type and 

and give a reliable idea of the species, which most certainly cannot be said of Meek 

and Worthen's illustration. 

Comparing the species as it is now known with other forms of the genus Endo

desma we find that it is one, and the earliest, of three closely related forms which at 

first seemed scarcely distinguishable. As usual, however, with such hasty conclu

sions their error soon became manifest when careful comparisons were undertaken, 

so that now I may say that they are not only separable but with ease even when 

the specimens are complete. Thus the second of these species-the next 

described, E. undosum--is distinguished from Meek and Worthen's species by its 

irregularly undulating surface, more distinct growth lines, and uniformly rounded 

posterior margin. The third species, E. gesneri Billings' sp., is nearer than E. 

undmJUm, but as a comparison of figures 1, 2, 3 and 4 on plate 37 will show, there 

is in this case even little trouble in drawing the specific liues. Meek and W or

then in distinguishing E. orthonotum from the Canadian species seem to have 

relied chiefly upon the more central position of the point of greatest convexity 

in their species, but this difference is much less in the specimen of E. gesneri 

here illustrated.* We must therefore depend upon other differences among which 

I find one that seems to be well marked, namely, the anterior extremity of E. 
gesneri is subangular while in E. orthonotum it is almost regularly rounded. Car

rying our comparison to other points we find that in the latter the upper pos

terior edge is more truncated, the dorsal outline somewhat straighter, and the 

valves on the whole more convex and a little longer. 

I have rejected Worthen's name recti/ormis because under Endodesma the 

specific name orthonotum is not preoccupied as was the case under Modiolopsis. 

*!n Billings' figure 45 b (Palaeozoic Fos~ils, vol. i, p. 43) .this point is so far behind the oenter that I am constrained 
to bel!eve the figure overdrawn or the speClmen abnormal lU this respect. 
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Formation and localitll.-Lower Trenton limestone, Dunleith, Illinois. There is reason to believ(1 
the species. occurs in Minnesota and it will be well to search for it in the Ii mestone at Minneapolis ana 
St. Paul. If E. gesneri occurs in the rocks of the state it will mo!'t probably be in the middle eli vision or 
the Galena. 

ENDODESMA UNDOSUM, n. sp. 

PLATE XXXVI. FIG. 38. 

Shell of the same general form as E.orthonotum M. and W., sp., being elon

gate, with the length a little more than twice and a half the hight; dorsal and 

ventral margins subparallel; posterior edge almost uniformly rounded; anterior 

end short, narrowly convex. Beaks depressed, wide, strongly incurved; umbonal 

ridge inconspicuous; mesial depression undefined, wide, ~'ather shallow. Lunule 

narrow but shaply defined. Ridge and sulcus rather distinct in the anterior half 

of the posterior dorsal slope of casts. Surface of casts with numerous strong and 

somewhat irrregular concentric lines of g~wth; on the dorsal slope and umbonal 

ridge a number of large and very irregular undulations or depressions. 

This species is distinguished from E. gesneri Billi:r;tgs, sp., and E. orthonotum M. 

& W. sp., by its stronger lines of growth, the irregular surface undulations, and 

more uniformly rounded posterior margin. 

Formation and locality.-"Upper Buff Beds" of the Trenton formation, one and a half miles west 
of Beloit, Wisconsin, where it was collected by Mr. Charles Schuchert. 

Mus. Reg. No. 8344. 

ENDODESMA OOMPRESSUM, n. sp. 

PLAT1~ XXXVI. FIGS. 35 and 37. 

Shell elongate, dorsal and ventral margins subparallel, the length two and one

half tilnes the hight. Anterior margin concave above, most prominent and suban

gularly bent down at the middle, beneath which point the upper part of the 

gradual curve into the basal line iR nearly vertical; ventral outline very broadly 

sinuate; posterior margin obliqne, most prominent and strongly rounded in the 

lower half, above passing rather gradually into the hinge line. Beaks compressed, 

mesial depression or sulcus illy defined but very wide, causing the sinuosity of 

the ventral margin to extend farther posteriorly than usual. Umbonal ridge 

rather sharply defined on the upper side by the distinctly concave character of 

the dorsal slope. Dorsal edge inflected, the inflected part extending rather far 

inward under the beaks (see fig. 37). Lunule narrow, deep and well defined. 

Surface of cast with a few obscure concentric undulations. 

This species seems to be more nearly related to E. gesneri Billings, sp., than 

to any of the others. It is however readily distinguished by the broader sinuosity 
-li4 
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Formation and localitY.-Lower Trenton limestone, Dunleith, Illinois. There is reason to believe, 
the species occurs in Minnesota and it will be well to search for it in the limestone at Minneapolif> anrl 
St. Paul. If E. gesneri occurs in the rocks of the state it will mo~t- probably be in the rnirlrlle rli vision or 
the Galena. 

ENDODESMA UNDO SUM, n. Sp. 

PLATE XXXVI. FIG. 38. 

Shell of the same general form as E. orthonotum M. and W., sp., being elon

gate, with the length a little more than twice and a half the hight; dorsal and 

ventral margins subparallel; posterior edge almost uniformly rounded; anterior 

end short, narrowly convex. Beaks depressed, wide, strongly incurved; umbonal 

ridge inconspicuous; mesial depression undefined, wide, ~'ather shallow. Lunule 

narrow but shaply defined. Ridge and sulcus rather distinct in the anterior half 

of the posterior dorsal slope of casts. Surface of casts with numerous strong and 

somewhat irrregular concentric lines of gwwth; on the dorsal slope and umbonal 

ridge a number of large and very irregular undulations or depressions. 

This species is distinguished from E. gesneri Billil)gs, sp., and E. orthonotum M. 

& W. sp., by its stronger lines of growth, the irregular surface undulations, and 

more uuiformly rounded posterior margin. 

Formation and locality.-"Upper Buff Beds" of the Trenton formation, one an(l a half miles west 
of BelOit, Wisconsin, where it was collected by Mr. Charles Schuchert. 

Mus. Reg. No. 8344. 

ENDODESMA COMPRESSUM, n. sp. 

PLAT)~ XXXVI. FIGS. 3:; and 37. 

Shell elongate, dorsal and ventral margins subparallel, the length two and one

half times the hight. Anterior margin concave above, most prominent and suban

gularly bent down at the middle, beneath which point the upper part of the 

gradual curve into the basal line is nearly vertical; ventral outline very broadly 

sinuate; posterior margin obliqne, most prominent and strongly rounded in the 

lower half, above passing rather gradually into the hinge line. Beaks compressed, 

mesial depression or sulcus illy defined but very wide, causing the sinuosity of 

the ventral margin to extend farther posteriorly than usual. U mbonal ridge 

rather sharply defined on the upper side by the distinctly concave character of 

the dorsal slope. Dorsal edge inflected, the inflected part extending rather far 

inward under the beaks (see fig. 37). Lunule narrow, deep and well defined. 

Surface of cast with a few obscure concentric undulations. 

This species seems to be more nearly related to E. .qesneri Billings, sp., than 

to any of the others. It is however readily distinguished by the broader sinuosity 
-34 
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of the ventral margin, more compressed dorsal regions, sharper umbonal ridge, 

and somewhat different posterior outline. The central and posterior parts of the 

shell also are less convex. 

Formation and locality.-Middle Galena, near Wykoff, Minnesota. 

Genus PSILOCONCHA, n. gen. 

Shell elongate subelliptical, compressed convex, gaping slightly at both ends; 

inequilateral, with very small beaks, inconspicuous umbonal ridges and smooth or 

concentrically lined surface. Mesial depression very shallow or wanting; basal 

outline convex. Shell very thin; hinge plate very narrow, edentulous. Ligament 

internal, linear. Muscular impressions exceedingly shallow, rarely distinguishable. 

Anterior adductor scar small, subcircular or ovate, situated in front of the beaks 

and just within the hinge line. PosteTior adductor about three times the size of 

the anterior, occupying the greater part of the middle third of the space between 

the beaks and the posterior extremity of the shell. Pallial line simple, more dis

tinctly impressed in: the posterior half of the shell than in the anterior. 

Type: Psiloconcha grandis Ulrich. 

.d. 

Fig. 42. (to and b, the lett side and a dorsal view of an excellent cast of the interior of Psiloconcha 
grandis, n. sp, from the upper beds of the Cincinnati group, at Waynesville, Ohio. c. it right valve 
retaining the shell, and d. the right side of an internal cast of Psiloconcha elliptica, n. sp., from t,he same 
horizon at Clarksville, OhiO, and Richmond, Indiana. 

The systematic position of this genus is doubtful. That it does not belong 

to the Modiolopsidce I am satisfied, but where else to place it seemed a question 

whose solution it was deemed best to defer till we shall have learned a little 

more about certain Devonian and Carboniferous shells. Species of Psilvconcha, 

in their gaping ends and general expression, remind greatly of Oarboniferous 

shells that are commonly referred to the recent genus Solenomya, but I cannot 

bring myself to believe that the short end of the Lower Silurian species is the 

posterior, as would be the case if they were related to Solenomya. Indeed, it 

appears to me far from established that this is true even of the Carboniferous forms 
referred to. 
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of the ventral margin, more compressed dorsal regions, sharper umbonal ridge, 

and somewhat different posterior outline. The central and posterior parts of the 

shell also are less convex. 

Formation and locality.-Middle Galena, near Wykoff, Minnesota. 

Genus PSILOCONCHA, n. gen. 

Shell elongate subelliptical, compressed convex, gaping slightly at both ends; 

inequilateral, with very small beaks, inconspicuous umbonal ridges and smooth or 

concentrically lined surface. Mesial depression very shallow or wanting; basal 

outline convex. Shell very thin; hinge plate very narrow, edentulous. Ligament 

internal, linear. Muscular impressions exceedingly shallow, rarely distinguishable. 

Anterior adductor scar small, subcircular or ovate, situated in front of the beaks 

and just within the hinge line. Posterior adductor about three times the size of 

the anterior, occupying the greater part of the middle third of the space between 

the beaks and the posterior extremity of the shell. Pallial line simple, more dis

tinctly impressed in: the posterior half of the shell than in the anterior. 

Type: Psiloconcha grandis Ulrich. 

.d. 

Fig. 42. a. and b, the lett side and a dorsal view of an excellent cast of the interior of Psiloconcha 
grandis, n. sp, from the upper beds of the Cincinnati group, at Waynesville, Ohio. c. a right valve 
retaining the shell, and d. the right side of an internal cast of Psiloconcha elliptica, n. sp., from t,he same 
horizon at Clarksville, OhiO, and Richmond, Indiana. 

The systematic position of this genus is doubtful. That it does not belong 

to the Modiolopsidce I am satisfied, but where else to place it seemed a question 

whose solution it was deemed best to defer till we shall have learned a little 

more about certain Devonian and Carboniferous shells. Species of Psilvconcha, 

in their gaping ends and general expression, remind greatly of Oarboniferous 

shells that are commonly referred to the recent genus Solenomya, but I cannot 

bring myself to believe that the short end of the Lower Silurian species is the 

posterior, as would be the case if they were related to Solenomya. Indeed, it 

appears to me far from established that this is true even of the Carboniferous forms 
referred to. 
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My conviction that Psiloconcha does not belong to the ModiolopsidcE rests partly 

upon the resemblance just noticed, but more especially upon a difference in the 

composition of the shells. That some difference, whatever its nature, really existed 

a comparison of the fossils will render obvious at once. Thus, I have collected 

from the same bed of shale species of Modiolopsis, Actinomya, Orthodesma and 

Psiloconcha. The shells of the first three genera were coated with either a black 

or dark brown film, while those of the last matched the color of the shales or were 
a few shades lighter. 

A single and not very typical species occurs in the Galena of Minnesota. At 

least seven and probably eight species are found at various horizons in the Cin

cinnati group. Two of these are figured on the preceding page and one was 

described by me in 1879 as Orthodesma subovale (Jour. Cin. Soc. Nat. Rist., vol. 2, p. 

82). The others I hope to describe in the next report of the Geological Survey of 
Ohio. 

PSILOCONCHA MINNESOTENSIS, n. sp. 

PLATE XXXVI, FIGS. 31 and :32, • 

Shell rather small, moderately elongate, highest posteriorly, the length about 

twice the greate.:;t hight. Ringe line straight, nearly as long as the entire shell; 

anterior end rounded, much narrower than the posterior; basal margin gently and 

uniformly convex; posterior end subtruneate above, slightly produced and strongly 

rounded in the lower half. Valves rather strongly convex for the genus, the great

est convexity in front of and above the middle. Beaks small, situated between one 

fifth and one sixth of the length of the shell behind the <:tnterior extremity. Um

bonal ridge subangular in the rosta.l region and unusually prominent for the genus. 

Anterior to the ridge the surface of the shell is gently convex. Cardinal slope 

slightly concave, abrupt near the beaks. Surface marked with fine concentric lines 

which are thrown into obscure folds in crossing the umbonal ridge. Internal char

acters unknown. 
This species is doubtfully referred to Psiloconcha. It differs from all the other 

species of the genus in its greater convexity, proportionally narrow anterior end, and 

comparatively prominent umbonal ridge. I might have placed it with bphenolium, 

Miller, but the shell is not sufficiently ventricose, the umbones are too small, and 

there is no lunule in front of the beaks, while a slight gap separates the edges of 

the valves at the ends. 

Formation and locality.-Middle Galena, Pleasant Grove, Minnesota. 

P~llooonoha minnesotensis.] 
LAMELLIBRAN CHIATA. 531 

My conviction that Psiloconcha does not belong to the Modiolopsidcc rests partly 

upon the resemblance just noticed, but more especially upon a difference in the 

composition of the shells. That some difference, whatever its nature, really existed 

a comparison of the fossils will render obvious at once. Thus, I have collected 

from the same bed of shale species of Modiolopsis, Actinomy({, Orthodesma and 

Psiloconcha. The shells of the first three genera were coated with either a black 

or dark brown film, while those of the last matched the color of the shales or were 

a few shades lighter. 

A single and not very typical species occurs in the Galena of Minnesota. At 

least seven and probably Bight species are found at various horizons in the Cin

cinnati group. Two of these are figured on the preceding page and one was 

described by me in 1879 as Orthodesma subovale (Jour. Cin. Soc. Nat. Rist., vol. 2, p. 

82). The others I hope to describe in the next report of the Geological Survey of 
Ohio. 

PSILOCONCHA MINNESOTENSIS, n. sp. 

PLATE XXXVI, FIGS. 31 and 32 .. 

Shell rather small, moderately elongate, highest posteriorly, the length about 

twice the greate~t hight. Ringe line straight, nearly as long as the entire shell; 

anterior end rounded, much narrower than the posterior; basal margin gently and 

uniformly convex; posterior end subtruneate above, slightly produced and strongly 

rounded in the lower half. Valves rather strongly con vex for the genus, the great

est convexity in front of and above the middle. Beaks small, situated between one 

fifth and one sixth of the length of the shell behind the anterior extremity. U m

bonal ridge subangular in the rostal region and unusually prominent for the genus. 

Anterior to the ridge the surface of the shell is gently convex. Cardinal slope 

slightly concave, abrupt near the beaks. Surface marked with fine concentric lines 

which are thrown into obscure folds in crossing the umbonal ridge. Internal char

acters unknown. 

This species is doubtfully referred to Psiloconcha. It differs from all the other 

species of the genus in its greater convexity, proportionally narrow anterior end, and 

comparatively prominent umbonal ridge. I might have placed it with Sphenoliwn, 

Miller, but the shell is not sufficiently ventricose, the umbones are too small, and 

there is no lunule in front of the beaks, while a slight gap separates the edges of 

the valves at the ends. 

Formation and locality.-Middle Galena, Pleasant Grove, Minnesota. 
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Genus PROLOBELLA, n. gen. 

Shell equivalved, moderately convex, very inequilateral, obliquely acuminate

ovate. Anterior end very small, auriculate or subnasute, sharply distinguished from 

the body of the shell. Basal and posterior margins rounded. Hinge thin, apparently 

edentulous, rather short and not produced at the posterior extremity; just in front 

of the beaks a short clavicle-like process produces a sharp linear depression in casts 

of the interior. Surface marked with concentric lines of growth and radial strirn or 

plications. Anterior adductor scar small, situated in the anterior lobe. Posterior 

impression and pallial line not observed. 

Type: Prolobella striatttla, n. sp. 
It is almost certain that Conrad's Avicula trentonensis and aviformis, which Han 

in 1847 united as one species, are congeneric with the Minnesota species which is 

made the type of this new genus. These shells are not true Aviculidce, their valves 

being equal and without the prolonged posterior wing. N or do they fit much better 

into any of the other families. They seem to be remnants of one of those complex 

primitive types that give the systematist so mach trouble to classify. In this caRe 

there is almost as much reason for placing the genus with the Ambonychiidce as 

with the Aviculidce or the Modiolopsidce. With such types it is good policy to defer 

conclusions until the collector has furnished us with the missing links. And they 

will be found sooner or later, for the lower paleozoic rocks are teeming with undis

covered fossils. 

PROLOBELLA STRIATULA, n. sp. 

PLATE XXXV. FIG. 27. 

Shell rather smal1, obliquely subovate, moderately convex. Anterior end very 

small, somewha,t auriculate, narrowly rounded, and rather sharply distinguished 

from the rest of the shell. Cardinal margin straight, about half as long as the 

shell posterior to the beaks, passing with a gentle curve into the posterior margin, 

which is oblique and moderately convex to the lower third where the outline bends 

rapidly forward; basal margin almost uniformly convex; anterior outline strolJ.gly 

sinuate beneath the ear. Beaks full, slightly prominent, not much incurved, just 

in front of them the cast shows a vertical linear depression extending from the 

hinge half across the narrow sinuate part of the shell. Umbonal ridge inconspicu

ous. Surface with a small number of obscure concentric lines, and in the antero
basal third with numerous very fine thread-like radiating strirn. 

This species cannot be confounded with any other Minnesota bivalve known. 

From P. trentonensis Conrad, sp. of the Trenton of New York, it is readily distiri-
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Genus PROLOBELLA, n. gen. 

Shell equivalved, moderately convex, very inequilateral, obliquely acuminate

ovate. Anterior end very small, auriculate or subnasute, sharply distinguished from 

the body of the shell. Basal and posterior margins rounded. Hinge thin, apparently 

edentulous, rather short and not produced at the posterior extremity; just in front 

of the beaks a short clavicle-like process produces a sharp linear depression in casts 

of the interior. Surface marked with concentric lines of growth and radial strirn or 

plications. Anterior adductor scar small, situated in the anterior lobe. Posterior 

impression and pallial line not observed. 

Type: Prolobella striatula, n. sp. 
It is almost certain that Conrad's Avicula trentonensis and aviformis, which Hall 

in 1847 united as one species, are congeneric with the Minnesota species which is 

made the type of this new genus. These shells are not true Aviculidce, their valvE'S 

being equal and without the prolonged posterior wing. N or do they fit much better 

into any of the other families. They seem to be remnants of one of those complex 

primitive types that give the systematist so mach trouble to classify. In this caRe 

there is almost as much reason for placing the genus with the Ambonychiidce as 

with the Aviculidce or the Modiolopsidce. With such types it is good policy to defer 

conclusions until the collector has furnished us with the missing links. And they 

will be found sooner or later, for the lower paleozoic rocks are teeming with undis

covered fossils. 

PROLOBELLA STRIATULA, n. sp. 

PLATE xxxv. FIG. 27. 

Shell rather small, obliquely subovate, moderately convex. Anterior end very 

small, somewhat auriculate, narrowly rounded, and rather sharply distinguished 

from the rest of the shell. Cardinal margin straight, about half as long as the 

shell posterior to the beaks, passing with a gentle curve into the posterior margin, 

which is oblique and moderately convex to the lower third where the outline bends 

rapidly forward; basal margin almost uniformly convex; anterior outline stroQ.gly 

sinuate beneath the ear. Beaks fall, slightly prominent, not much incurved, just 

in front of them the cast shows a vertical linear depression extending from the 

hinge half across the narrow sinuate part of the shell. Umbonal ridge inconspicu

ous. Surface with a small number of obscure concentric lines, and in the antero
basal third with numerous very fine thread-like radiating strirn. 

This species cannot be confounded with any other Minnesota bivalve known. 

From P. trentonensis Conrad, sp. of the Trenton of New York, it is readily distiri-
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guished by its greater hight, different outline, and finer radiating striffi. The latter 

are also most distinct in that species centrally where they are wanting entirely in 
P. striatula. 

Formation and locality.-Middle Galena, Pleasant. Grove, Minne8ota. 

Family GYRTODONTIDlE, n. fam. 

Shells commonly ovate or rounded, rarely elongate, valves generally ventricose 

or strongly convex. Shell substance calcareous, without epidermis, usually thick. 

Hinge plate often massive, strong, with from one to five cardinal teeth; elongate 

posterior lateral teeth usually present, but may be wanting. Ligament chiefly 

external. Anterior adductor scar strongly impressed, rather large though always 

smaller than the much more faintly impressed posterior adductor. Pallial line 

simple. 

The genera included in this family seem to form a very natural group. With 

one exception, Ptyehodesrna, Hall, a Devonian genus, they are all restricted to the 

Lower and Upper Silurian rocks and many of the species rank among the most 

important fossils of the various beds in which they occur. The individuals also are 

often very abundant, while their preservation is on an average better than that of 

any other group of paleozoic bivalves. 

The principal genera are variously placed by systematists, but the Areidee have 

been most favored. The conclusions of the authors seem to have been biased by a 

supposed resemblance between the hinges of Cyrtodonta and Maerodon and to 

Stoliczka the relation is so obvious that he is led to say "the former may be consid

ered as the predecessor of the latter in geological history." Now, after careful 

examination, I am obliged to dissent in so for at least as to claim that the case is 

far from proved. So far as we can now tell the last species of Cytodonta (Upper 

Silurian) ~re as far removed from Maerodon as are the earliest, while the first 

species of Maerodon (Devonian) is no nearer Cyrtodonta, than are the Jurassic forms. 

Even should later discoveries prove a development of the latter from the Silurian 

genera under consideration, it would not settle the question for it is not by any 

means an established fact that lVlaerodon is genetically related to Area. 

There is something decidedly suggestive in the resemblances to be noted in a 

comparison of the interiors of true Areidee like those of the genus Barbatia, Gray, 

and certain species of Ctenodonta, Salter. N ow if these should, as I am inclined to 

believe, indicate something more than a merely accidental agreement of structure, 

I should hold that Maerodon was not a member of the Areidce, since that genus 

most certainly did not arise in Ctenodonta. 
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The Cyrtodontidm seem to me to be a family of shells that is essentially Lower 

Silurian, the Upper Silurian species being both few in number and of small size 

and thin-shelled. Indeed the evidence at hand goes to show that the family 

became practically extinct with the close of the Upper Silurian. If this is true 

then we cannot very well ally them with recent families of shells, and as they con

stitute an easily recognized group of genera it has been deemed necessary to estab

lish a new family for their reception. 

The Cyrtodontida:, despite the well developed dentition prevailing among· the 

typical members, seem to represent a very early type of structure, and one that 

probably antedated both the Ambonychiidae and Modiolopsidm, to which also they 

appear to be more closely related than to any other of the contemporaneous 

families. Thus certain of the earliest species of Vanuxemia (e. g. V. terminq,lis) 

greatly resemble true Ambonychia, while the majority of the Modiolopsidm present, 

aside from the hinge, an internal conformation of parts that is decidedly like the 

prevailing appearance in the present family. Perhaps the only constant difference 

between the shells of these three families is that while those of the Ambonychiidce 

and Modiolopida; were provided with a well developed epidermis those of the 
CY1'todontidce preserve no trace of such a covering. 

Genus CYRTODONTA, Billings. 

CYl'todonta, BILLINGS, 1858, Can. Nat. and Geol., vol. 3, p. 431. 
Palmarca, HALL, 1859, Pal. N. Y. vol. iii, p. 27; also 12th Rep. Reg. N. Y. Mus. Nat. Rist., p. 10. 
Angellurn, S. A. MILLER, 1878, Jour. Cin. Soc. ~at. Hist., vol. i, p. 105. 
CYP1'icm'dites, HALL, and most American authors, (not of CONRAD). 

Shell varying from transversely or obliquely ovate to sub circular, moderately 

ventricose. Beaks prominent, rather tumid, incurved, situated in the anterior third, 

fourth or fifth of the shell. Surface marked with concentric lines of growth. No 

lunule nor escutcheon. Hinge plate strong, nearly straight, often with a narrow 

and not sharply defined ligamental area. Cardinal teeth well developed, subequal, 

generally obliquely curved, sometime~ nearly horizontal, two to four in each valve, 

situated mostly in front of the beaks. Posterior lateral teeth usually two or three in 

each valve, strong, elongate, more or less curved and slightly oblique, situated near 

the extremity of the hinge. Adductor muscular scars placed immediately beneath 

the two sets of teeth, both subovate, the posterior very faint, the anterior only 
moderately impressed. Pallial line simple. 

Types: C. rugosus and C. canadensis of Billings. 

This is an excellently defined genus and one of the largest of the paleozoic 

genera of Lamellibranchiata. It is also pre-eminently a Lower Silurian genus, the 
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Upper Silurian forms now referred to it bring but impoverished remnants of the 

pow.erful stock that preceeded 'them. 

Many species have been placed under Cyrtodonta or Cypricardites, which is 

usually considered as identical, that have no right there. Thus of forty-nine species 

classed as Cypricardites by S. A. Miller in the 1889 edition of his North Amer. Geol. 

and Pal., only eleven can with reasonable certainty be said to belong to Cyrtodonta. 

These are C. breviuscula, canad~nsis, huronensis, rugosa, spinifera and sltbcarinata, all 

described by Billings, C obliqua Meek and Worthen, and C. obtusa, saffordi, subangu

lata and subspatulata of Hall. The remainder belong to Whitella, Ortonella, Vanux

emia and Modiolodon, or are too little known for positive generic placement.* 

To the eleven species mentioned we must add seven that have been described 

since the publication of Mr. Miller's list; also fifteen new species, of which ten are 

published in this work. 'rhis makes a total of twenty-six valid Lower Silurian 

species positively known to have the characters of the genus as above defined. 

Two Upper Silurian species, Modiolopsis dicteus Hall and M. primigenia Conrad, sp., 

also fall under Cyrtodonta. These have unusually thin shells but their hinges are 

essentially as demanded for the genus. 

A few remarks are necessary to explain my adoption of Cyrtodonta instead of 

Conrad's Cypricardites as the name for this genus. Conrad's name has seventeen 

years priority over that proposed by Billings, but it was not until 1859 when Hall 

reproduced a sketch of the hinge that had been overlooked among the manuscripts 

left by Conrad that any adequate idea of his genus was possible. In the mean 

time (1858) Billings proposed and fully illustrated his genus Cyrtodonta. In the 

following year Hail pUblished (in Pal. N. Y., vol. iii, p. 27, and 12th Rep. Reg. N. Y. 

State. Mus., p. 10) his genus Palcearca in which he proposed to include precisely the 

same group of shells. In the museum report mentioned (p. 13) Hall reproduces 

Conrad's sketch of the hinge of Cypricardites with the remark that both the descrip

tion and figure of that genus as given by Conrad correspond in many respects with 

Palcearca and "should an examination of the typical species prove the two identical 

the later name will give place to that of Cypricardites". Pinally in a supplemen

tory note to vol. iii (p. 524) he again uses this cut and now adopts Cypricardites in 

place of his Palcearca and Billings' two genera Cyrtodonta and Vanuxemia. I have 

not noticed that the Canadian geologists have given up the use of Cyrtodonta. In 

the United States however, with a few exceptions all use Cypricardites instead, 

while of European authors Bigsby adopted Palcearca and the majority of the others 

Cyrtodonta. 
*The following belong to White!!a: hindi and plebei.a of Billings; megambonu8 and quadmngula!'is of Whitfield; sterHngensis 

Meek and Worthen; and ventrieosa of Hall. The new geners (h"loneUa is founded upon C. haines·! S. A. Miller. C. hayn·iana 
Safford, and niota, rectwostriB and rotundata Hall, belong to Vanuxemia, while C. ganti and winchelli of Safford belong to the 
new genus Modialodon. 
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The above is a fail' statement of the case as I found it when I began the 

present work. Had my studies shown what both Billings and Hall conceded to be 

the case, that Conrad's sketch of the hinge of Cypricardites was identical with that 

of Cyrtodonta and Pal(JJal'cu, I would most surely have sided with Hall and adopted 

the oldest name. But here was the rub. Comparisons with the hinges of numerous 

species of this family of shells have demonstrated beyond question that Conrad's 

figure and description of the hinge of Cypricardit~s does not correspond exactly 

with that of any true Cyrtodonta or Vanuxemia known. He represents the cardinal 

teeth as diverging from the beak much as in a Lyrodesma and says that the anterior 

one is the "largest and most prominent". N either of these conditions is ever 

present in Crytoclonta. On the contrary the teeth are subparallel, and to be called 

horizontal rather than radial, while the anterior one, if any can be so called, is the 

smaller. Nor have I seen any Cyrtoclonta with five cardinal teeth, the usual 

number being three; two is not uncommon, but four is very rare. 

Weare now confronted with the question, did Conrad correctly describe and 

illustrate the hinge of his genus1 This question can be determined only by a study 

of the type of the genus. But here again we meet with trouble for of the sixteen 

species originally referred to the genus only one, his C. Cttrtus remains, the others 

having proved generically distinct, being now referred to other genera. The genus 

must then, if it stands at all, be based upon C. curtus. I do not know whether the 

hinge drawn by Conrad represents that of this species or not. For the present we 

must assume that it does, and further, until we know the contrary, it must be 

accepted as correct. From this standpoint then it is evident that Cyrtodonta and 

Cyprical'clites are not synomymous, and that both may stand for the present. I 

would suggest that, however the question may be eventually terminated, Cypricar

clites may for a long time to come serve as a convenient temporary receptacle for 

those species which because they are insufficiently known cannot be definitely 
placed into other genera. 

CYRTODONTA SUBOVATA, n. sp. 

PLATE XXXIX. FIGS. 28, 20, 31-33, ? 30 and? 45. 

Shell somewhat obliquely ovate, narrowest anteriorly. Dorsal margin short, 

less than half the length of the shell posterior to the beaks merging gradually into 

the uniformly rounded posterior margin, base gently convex, anterior end short and 

rather narrowly rounded; outline distinctly concave between the anterior extremity 

and the projecting umbones. Beaks incurved, umbones prominently rounded, 

inconspicuous. A slight flattening of the surface between the umbonal ridge and 
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. the anterior basal margin. Surface nearly smooth in the young and middle stages 

but with age one or ID0re very strong marginal imbrications are developed. In 

aged examples the anterior end is proportionally narrower than in younger ones. 

Hinge plate of moderate length with a narrow ligamental area. Cardinal teeth 

three in each valve, sub-horizontal, their inner ends thickened and curved down

ward. Posterior teeth two in the left and three in the right valve. Both muscular 
impressions faint. Shell rather thin. 

All the Kentucky types of this species retain the shell and in the absence of 

unquestionable casts of the interior for comparison with the Minnesota specimens 

provisionally referred here, there may well be some doubt regarding the actual ex

istence of the species within the borders of the state. The cast represented by fig. 

30 exhibits certain peculiarities that it seems scarcely likely would occur in casts of 

the Kentucky form. Thus the outline is less concave in front of the umbones and 

the length of the shell less than it ought to be in a specimen of this size. The 

original of figure 45, which is from the Trenton limestone at Cannon Falls, also 

differs a little, but in this case oblique pressure has produced distortion that may 

account for the differences. 

This species is closely related to both C. huronensis and canadensis which Billings 

described from the lower Trenton or Black River limestone of Lake Huron. Com

pared with authentic specimens the first proves to be narrower posteriorly and the 

second wider in front. In the latter the umbones are also more inflated. The 

hinges of the two species as figured by Billings are also somewhat different. 
Formation and locality.-The types of the species were found in the Birdseye and lower Trenton 

limestone near High Bridge, Kentutky. The original of Figure 30 is from the middle third of the Trenton 
shales at St. Anthony Park, St. Paul. That of Figure 45 from the Trenton limestone at Cannon Falls. 

CYRTODONTA JANESVILLENSIS, n. sp. 

PLATE XXXiX. FIGS. 26 and 27. 

Compo Cyrtodonta hnronensis Billings, 1858, Can. Nat. and Geol., vol. iii, p. ·!:3::l. 

Shell of medium size, strongly convex, somewhat obliquely ovate, widest 

posteriorly, the hight and length about as two is to three. Outline almost 

uniformly rounded for an oval, with a slight prominence at the beaks and occasion-

. ally at the posterior end of the hinge line. Anterior end very short. Beaks a little 

compressed, rather small, incurved, projecting but little above the hinge. In casts 

of the interior the umbonal ridge is strongly and the surface in front of it slightly 

depressed. Anterior adductor scar, well defined, ovate, small, not more than half 

the size of the posterior scar. The latter as usual is scarcely distinguishable. 

Pallial line well marked, particularly in the basal and anterior parts. Hinge plate 
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the anterior basal margin. Surface nearly smooth in the young and middle stages 

but with age one or m 0re very strong marginal imbrications are developed. In 

aged examples the anterior end is proportionally narrower than in younger ones. 

Hinge plate of moderate length with a narrow ligamental area. Cardinal teeth 

three in each valve, sub-horizontal, their inner ends thickened and curved down

ward. Posterior teeth two in the left and three in the right valve. Both muscular 
impressions faint. Shell rather thin. 

All the Kentucky types of this species retain the shell and in the absence of 

unquestionable casts of the interior for comparison with the Minnesota specimens 

provisionally referred here, there may well be some doubt regarding the actual ex

istence of the species within the borders of the state. The cast represented by fig. 

30 exhibits certain peculiarities that it seems scarcely likely would occur in casts of 

the Kentucky form. Thus the outline is less concave in front of the umbones and 

the length of the shell less than it ought to be in a specimen of this size. The 

original of figure 45, which is from the Trenton limestone at Cannon Falls, also 

differs a little, but in this case oblique pressure has produced distortion that may 

account for the differences. 

This species is closely related to both C. huronensis and canadensis which Billings 

described from the lower Trenton or Black River limestone of Lake Huron. Com

pared with authentic specimens the first proves to be narrower posteriorly and the 

second wider in front. In the latter the umbones are also more inflated. The 

hinges of the two species as figured by Billings are also somewhat different. 
Formation and locality.-The types of the species were found in the Birdseye and lower Trenton 

limestone near High Bridge, Kentutky. The original of Figure 30 is from the middle third of the Trenton 
shales at St. Anthony Park, St. Paul. That of Figure 45 from the Trenton limestone at Cannon Falls. 

CYRTODONTA JANESVILLENSIS, n. Sp. 

PLATE XXXlX. FIGS. 26 and 27. 

Compo Cyrtodonta huronensis Billings, 1858, Can. Nat. and Geol., vol. iii, p. ,1;53. 

Shell of medium size, strongly convex, somewhat obliquely ovate, widest 

posteriorly, the hight and length about as two is to three. Outline almost 

uniformly rounded for an oval, with a slight prominence at the beaks and occasion-

. ally at the posterior end of the hinge line. Anterior end very short. Beaks a little 

compressed, rather small, incurved, projecting but little above the hinge. In casts 

of the interior the umbonal ridge is strongly and the surface iIi front of it slightly 

depressed. Anterior adductor scar, well defined, ovate, small, not more than half 

the size of the posterior scar. The latter as usual is scarcely distinguishable. 

Pallial line well marked, particularly in the basal and anterior parts. Hinge plate 
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of moderate strength; cardinal teeth three in each valve, sub-equal, curved and 

rather oblique; posterior teeth slender, two or three in each valve. Surface of shell 

with somewhat irregular concentric lines of growth. No trace of these are to be 

seen in casts of the interior. 
It is possible that the casts above described really belong to C. huronensis. 

Although I have compared them with an authentic example of that species, labelled 

by Billings himself as from the original locality for the species, I could not satisfy 

myself. The Wisconsin casts are certainly distinct from this specimen, having 

smaller umbones and shorter anterior end, but the latter also does not agree with 

Billings' figures. Very likely the illustrations are not entirely trustworthy. 

Compared with C. subovata, the species is distinguished by its shorter, narrower, 

and less distinct anterior end, comparatively greater length, less produced and more 

oblique cardinal teeth, and more distinct muscular and pallial impressions. That 

species also attains greater size. 
Formation and l;;cality.-" Lower Blue beds" of the Trenton at Janesville and Beloit, Wisconsin. 

Mu .. ~. Reg. No. 8323. 

CYRTODONTA AMPLA, n. Sp. 

PLATE XXXIX, FIG. 34. 

In the outline this species resembles C. subovata and C. janesvillensis very closely. 

It is known only from casts, but these are distinguished at once by the oblique ridge 

running from the beak toward the posterior third of the base. On the anterior side 

the surface descends sharply from the ridge into an unusually wide flattened space. 

C. janesvillensis is also narrower anteriorly and relatively more convex. Another 

species with which' it is to be compared is the Galena form described by Meek and 

Vlorthen as C. obliqua. The outline of that species is dim3rent being narrower in 

front and more produced in the postero-basal region, giving the shell a more erect 

appearance. Its valves are also a little more convex. C. glabella is shorter. In the 

associated forms of Vanuxemia the anterior adductor scar is much more sharply 

defined. 
Formation and locality.-Trenton limestone, Oannon Falls, Minnesota. 

CYRTODONTA BILLINGSI, n. Sp. 

PLATE XL, FIGS. 2-6. 

Cypl'icarclites ventl'icosus Whitfield, 1882 GeoI. Wis., vol. iv, p. 209, pI. 5, fig. 9. 

Shell of medium size or less, transverse, obliquely ovate, 'highest in the posterior 

half; valves strongly ventricose in the umbonal and central regions. Hinge line 

at least two-thirds the length of the shell, slightly arcuate, posteriorly declining 
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of moderate strength; cardinal teeth three in each valve, sub-equal, curved and 

rather oblique; posterior teeth slender, two or three in each valve. Surface of shell 

with somewhat irregular concentric lines of growth. No trace of these are to be 

seen in casts of the interior. 
It is possible that the casts above described really belong to C. huronensis. 

Although I have compared them with an authentic example of that species, labelled 

by Billings himself as from the original locality for the species, I could not satisfy 

myself. The Wisconsin casts are certainly distinct from this specimen, having 

smaller umbones and shorter anterior end, but the latter also does not agree with 

Billings' figures. Very likely the illustrations are not entirely trustworthy. 

Compared with C. subovata, the species is distinguished by its shorter, narrower, 

and less distinct anterior end, comparatively greater 1ength, less produced and more 

oblique cardinal teeth, and more distinct muscular and pallial impressions. That 

species also attains greater size. 
Formation and IJcality.-" Lower Blue beds" of the Trenton at Janesville and Beloit, Wisconsin. 

MUB. Reg. No. 832:t 

CYRTODONTA AMPLA, n. sp. 

PLATE XXXIX, FIG. 34. 

In the outline this species resembles C. subovata and C. janesvillensis very closely. 

It is known only from casts, but these are distinguished at once by the oblique ridge 

running from the beak toward the posterior third of the base. On the anterior side 

the surface descends sharply from the ridge into an unusually wide flattened space. 

C. janesvillensis is a1so narrower anteriorly and relatively more convex. Another 

species with which it is to be compared is the Galena form described by Meek and 

Vlorthen as C. obliqua. The outline of that species is different being narrower in 

front and more produced in the postero-basal region, gi vi ng the shell a more erect 

appearance. Its valves are also a little more convex. C. glabella is shorter. In the 

associated forms of Vanuxemia the anterior adductor scar is much more sharply 

defined. 
Formation and locality.-Treuton limestone, Cannon Falls, Minnesota. 

CYRTODONTA BILLINGSI, n. sp. 

PLATE XL, FIGS. 2-6. 

Cypl'icarclites ventricosus Whitfield, 1882 Geol. Wis., vol. iv, p. 209, pl. 5, fig. 9. 

Shell of medium size or less, transverse, obliquely ovate, 'highest in the posterior 

half; valves strongly ventricose in the umbonal and central regions. Hinge line 

at least two-thirds the length of the shell, slightly arcuate, posteriorly declining 
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and passing gradually into the broadly and uniformly curved posterior margin; 

basal line most prominent and strongly convex behind the center, in front of which 

point it ascends rather r::l.pidly with a much more gentle curve in to the short, small 
" and sharply rounded anterior end. Umbones full, large and prominent, beaks 

small and strongly incurved; umbonal ridge subangular near the beaks only, incon

spicuous in a lateral view. Surface marked with concentric lines of growth. These, 

with the exception of a few near the margin, are obscure in the material at hand. 

Ligamental area very narrow. Hinge plate of moderate strength, with three slightly 

curved and nearly horizontal cardinal teeth and two or three slender posterior 

lateral teeth in each valve. Pallial line and anterior adductor muscle distinct, the 

latter rather small and of obovate or sub circular shape; posterior adductor faintly 

impressed, situated immediately beneath the lateral teeth. Internal umbonal 

sulcus and ridge slightly developed but always disting1l;ishable on good casts of the 
interior. 

Although closely simulating several others this is still to be regarded as a well 

marked species. It may be compared with C. huronensis Billings but will be found 

to be higher, more erect and more ventricose. The umbones also are larger and 

the cardinal teeth longer and more nearly horizontal. C. obliqua Meek and Worthen 

has a straighter basal line and is more produced in the postero-ventral region. C. 

glabellus and C. persimilis have a more rounded outline and smaller umbones. C. 

subovata is longer, wider in front, not so ventricose, and has smaller umbones. A shell 

that is likely to prove more troublesome to separate than any of these is tbe Van

uxemia decipiens. They are associated in the same strata at Minneapolis but when 

good casts are available they may be distinguished at once by tbe higher position 

and much greater sharpness of definition of the anterior mp.scular scar in tbe 

Vanuxemia. 

It is possible that the Wisconsin species referred by Whitfield to Cypricardites 

ventricosus Hall, sp., in 1882 (loc. cit) is not ident.ical with C. billingsi, because his 

illustration, if correctly drawn, would indicate a distinct form. However tbat may 

be it is quite certain that he had this species before him wben he drew up his 

description, since it is not uncommon at the localities mentioned by him. It is 

certain also that neither the specimen figured by him nor the form now named 

after Mr. E. Billings, tbe founder of the genus, are the same as the types of Hall's 

Edmondia ventricosa (Pal. N. Y., vol. i, p. 155; 1847). Indeed they are widely dis

tinct species the last baving proved to be a true Whitella and not Cypricardites nor 

Cyrtodonta at all. On page 271, Pal. N. Y., vol. iii, Hall figures another species of 

Cyrtodonta which he refers to his ventricosa as a Palcearca. This species is not the 

same as C. billingsi being longer and having a well developed legamental area and 
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and passing gradually into the broadly and uniformly curved posterior margin; 

basal line most prominent and strongly convex behind the center, in front of which 

point it ascends rather r3.pidly with a much more gentle curve into the short, small 
" and sharply rounded anterior end. Umbones full, large and prominent, beaks 

small and strongly incurved; umbonal ridge subangular near the beaks only, incon

spicuous in a lateral view. Surface marked with concentric lines of growth. These, 

with the exception of a few near the margin, are obscure in the material at hand. 

Ligamental area very narrow. Hinge plate of moderate strength, with three slightly 

curved and nearly horizontal cardinal teeth and two or three slender posterior 

lateral teeth in each valve. Pallial line and anterior adductor muscle distinct, the 

latter rather small and of obovate or subcircular shape; posterior adductor faintly 

impressed, situated immediately beneath the lateral teeth. Internal umbonal 

sulcus and ridge slightly developed but always distinguishable on good casts of the 

interior. 

Although closely simulating several others this is still to be regarded as a well 

marked species. It may be compared with C. huronensis Billings but will be found 

to be higher, more erect and more ventricose. The umbones also are larger and 

the cardinal teeth longer and more nearly horizontaL C. obliqua Meek and Worthen 

has a straighter basal line and is more produced in the postero-ventral region. C. 

glabellus and C. persimilis have a more rounded outline and smaller umbones. C. 

subovata is longer, wider in front, not so ventricose, and has smaller umbones. A shell 

that is likely to prove more troublesome to separate than any of these is the Van

uxemia decipiens. They are associated in the same strata at Minneapolis but when 

good casts are available they may be distinguished at once by the higher position 

and much greater sharpness of definition of the anterior mllscular scar in the 

Vanuxemia. 

It is possible that the Wisconsin species referred by Whitfield to Cypricardites 

ventricosus Hall, sp., in 1882 (loc. cit) is not ident.ical with C. billingsi, because his 

illustration, if correctly drawn, would indicate a distinct form. However that may 

be it is quite certain that he had this species before him when he drew up his 

description, since it is not uncommon at the localities mentioned by him. It is 

certain also that neither the specimen figured by him nor the form now named 

after Mr. E. Billings, the founder of the genus, are the same as the types of Hall's 

Edmondia ventricosa (Pal. N. Y., vol. i, p. 155; 1847). Indeed they are widely dis

tinct species the last having proved to be a true Whitella and not Cypricardites nor 

Cyrtodonta at all. On page 271, Pal. N. Y., vol. iii, Hall figures another species of 

Cyrtodonta which he refers to his ventricosa as a Pal(carca. This species is not the 

same as C. billingsi being longer and having a well developed legamental area and 
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different cardinal teeth. In all these respects the shell agrees much better with 

an authentic example of C. carinata Billings, now before me, and as both the 

Palcearca ventricosa of Hall and the Cyrtodonta subcarinata of Billings are from the 

Trenton limestone in\he northern part of Lake Huron, they are probably indentical. 
Formation and locality.-LowerTrenton limestone Dunleith, Illinois; Beloit, Janesville and Mineral 

Point, Wisconsin; Uannon Falls and Minneapolis, Minnesota. 

CYRTODONTA OBLIQUA Meek and Worthen. 

PLA TE XXXIX, FIGS. 35 and 36, 

Cypricardites obliquus MEEK and WowrHEN, 1868, Geol. Sur. Ill., vol. iii, p. 311. 

Of this species I have seen only the original type figured and described by 

the authors. Their figures being unsatisfactory, it seemed worth the while to 

prepare others, especial1y as the species may at any time be found within the 

limits of the State. It is to be looked for in the middle and lower beds of the 

Galena in Fillmore county. The type specimen is from the Galena at Scales 

Mound, Illinois, and is now preserved in the Illinois State Museum. 

CYRTODONTA AFFINIS, n. sp. 

PLA TE XXXIX, FIGS. 20-23. 

Shell small, rather compressed convex, obliquely subovate, alated and much 

the highest posteriorly. Dorsal margin straight or very gently arcuate, rather long, 

not passing gradually into the broadly and uniformly rounded posterior margin, the 

junction being obtusely angular; ventral margin but little convex, ascending rapidly 

to the small and narrowly rounded anterior end. Beaks small, projecting very little; 

umbones compressed, due to a flattening of the antero-ventral slope; umbonal ridge 

moderately distinct in the upper half; cardinal slope gently concave; greatest 

thickness on the umbonal ridge above and a trifle in front of the center of the 

val ves. Surface with fine indistinct concentric striffi and distinct sublamellose lines 

of growth. Hinge of moderate thickness; cardinal teeth small, short, four in each 

valve; posterior lateral teeth very slender, four in the right valve. Muscular im

pressions rather faint, not well determined. Length 20 mm.; posterior (greatest) 
hight 15 mm.; anterior highest 10 mm.; entire thickness 6.5 mm. 

A variety reappears in the middle Galena. This is relatively more convex and 

not quite as high posteriorly. Length 15 mm.; hight 10 mm.; thickness 7 mm. It 
may be distinguished as val'. fillmorensis. 

The typical form of this species is associated and was at first confounded with 

l")!Iatheria rugosa. Aside from the hinge, which is of course very different in the two 

forms, the Matheria is distinguished by its much shorter, subtruncate anterior end .. 

540 THE PALEONTOLOGY OF MINNESOTA. 
[Oyrtodonta amnis. 

different cardinal teeth. In all these respects the shell agrees much better with 

an authentic example of C. carinata Billings, now before me, and as both the 

Palcearca ventricosa of Hall and the Cyrtodonta subcarinata of Billings are from the 

Trenton limestone in· the northern part of Lake Huron, they are probably indentical. 
Formation and locality.-LowerTrenton limestone Dunleith, Illinois; Beloit, Janesville and Mineral 

Point, Wisconsin; Uannon Falls and Minneapolis, Minnesota. 

CYRTODONTA OBLIQUA Meek and Worthen. 

PLA TE XXXIX, FIGS. 35 and 36, 

Cypricardites obliquus MEEK and WOH'l'IIEN, 1868, Geol. Sur. Ill., vol. iii, p. 311. 

Of this species I have seen only the original type figured and described by 

the authors. Their figures being unsatisfactory, it seemed worth the while to 

prepare others, especial1y as the species may at any time be found within the 

limits of the State. It is to be looked for in the middle and lower beds of the 

Galena in Fillmore county. The type specimen is from the Galena at Scales 

Mound, Illinois, and is now preserved in the Illinois State Museum. 

CYRTODONTA AFFINIS, n. sp. 

PLATE XXXIX. FIGS. 20-23. 

Shell small, rather compressed convex, obliquely subovate, alated and much 

the highest posteriorly. Dorsal margin straight or very gently arcuate, rather long, 

not passing gradually into the broadly and uniformly rounded posterior margin, the 

junction being obtusely angular; ventral margin but little convex, ascending rapidly 

to the small and narrowly rounded anterior end. Beaks small, projecting very little; 

umbones compressed, due to a flattening of the antero-ventral slope; umbonal ridge 

moderately distince in the upper half; cardinal slope gently concave; greatest 

thickness on the umbonal ridge above and a trifle in front of the center of the 

val ves. Surface with fine indistinct concentric strim and distinct sublamellose lines 

of growth. Hinge of moderate thickness; cardinal teeth small, short, four in each 

valve; posterior lateral teeth very slender, four in the right valve. Muscular im

pressions rather faint, not well determined. Length 20 mm.; posterior (greatest) 

hight 15 mm.; anterior highest 10 mm.; entire thickness 6.5 mm. 

A variety reappears in the middle Galena. This is relatively more convex and 

not quite as high posteriorly. Length 15 mm.; hight 10 mm.; thickness 7 mm. It 
may be distinguished as var. fillmorensis. 

The typical form of this species is associated and was at first confounded with 

Matheria rugosa. Aside from the hinge, which is of course very different in the two 

forms, the Matheria is distinguished by its much shorter, subtruncate anterior end .. 
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Cyrtodonta halli Nettleroth, sp., from the upper beds of the Hudson river group of 

Kentucky, is shorter and thicker, and has more prominent beaks and umbonal 
ridge. 

Formation and locality.-The typical form occurs in the upper pa~t of the middle third of the Tren
ton shales, six miles south of Oannon Falls, Minnesota. The Galena variety was collected nea, Wyknff, 
in Fillmore county. 

CYRTODONTA, PARVA, n. sp. 

PLATE XXXIX, FIGS. 24 and 25. 

This small species seems to be closely related to C. aifinis Ulrich and C. halli 

N ettleroth, sp. In some respects it is intermediate between those species, differing 

from the first in its greater convexity, stronger umbonal ridge and larger anterior end, 

these being points in which the shell agrees rather closely with the latter. From both 

it differs in the more abruptly rounded postero-basal margin and straighter ventral 
outline. 

Adductor scars very faint, undetermined. The specimen being a cast of the 

interior, the detail of the hingement could not be made out with certainty. 

Greatest length, 9.5 mm.; greatest hight, 6.5 mm.; thickness, 4.5 mm. 

Formation and locality.-Middle Galena, near Fountain, Minnesota. 

CYRTODONTA ROTULATA, n. sp. 

PLATE XXXIX, FIGS. 16-19. 

Shell small, moderately ventricose, nearly erect, the outline uniformly rounded 

(subcircular) except at the dorsal margin, which is straight behind the beaks and 

somewhat insinuated in front of them; hight and length about as five is to six; 

posterior extremity of hinge angular. Beaks small, incurved, scarcely prominent, 

situated about one-fourth of the length of the shell behind the most prominent point 

on the anterior margin. Umbonal region full, but not excessively so; point of 

greatest convexity a little above and in front of the center of the valves; postero 

cardinal slope gently concave, causing this part of the shell to appear as slightly 

alate. Surface marked with fine concentric lines, with a few (those shown in the 

illustrations) stronger than the rest. Shell and hinge plate thin; dentition undeter

mined beyond this that it is essentially as called for by the genus. Muscular scars 

unknown. 

I am not acquainted with any species of Gyrtodonta, described heretofore, with 

which this one might be, confounded. C. persimilis Ulrich, a much larger species, is 

in outline somewhat like it, but on comparison proves to have the beaks situated 

farther forward and to be proportionally less ventricose. Several species belonging 
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Cyrtodonta halli N ettleroth, sp., from the upper beds of the Hudson river group of 

Kentucky, is shorter and thicker, and has more prominent beaks and umhonal 
ridge. 

Formation and locality.-The typical form occurs in the upper part of the middle third of the Tren
ton shales, six miles south of Cannon Falls, Minnesota. The Galena variety was coIlect,erl nea, Wykflff, 
in Fillmore county. 

CYRTODONTA, PARVA, n. Sp. 

PLATE XXXIX, FIGS. 24 and 20. 

This small species seems to be closely related to C. a.!finis Ulrich and C. halli 

Nettleroth, sp. In some respects it is intermediate between those species, differing 

from the first in its greater convexity, stronger umbonal ridge and larger anterior end, 

these being points in which the shell agrees rather closely with the latter. From both 

it differs in the more abruptly rounded postero-basal margin and straighter ventral 

outline. 

Adductor scars very faint, undetermined. The specimen being a cast of the 

interior, the detail of the hingement could not be made out with certainty. 

Greatest length, 9.5 mm.; greatest hight, 6.5 mm.; thickness, 4.5 mm. 

Formation and locality.-Middle Galena, near Fountain, Minnesota. 

CYRTODONTA ROTULATA, n. sp. 

PLATE XXXIX, FIGS. 16-lY. 

Shell small, moderately ventricose, nearly erect, the outline uniformly rounded 

(subcircular) except at the dorsal margin, which is straight behind the beaks and 

somewhat insinuated in front of them; hight and length about as five is to six; 

posterior extremity of hinge angular. Beaks small, incurved, scarcely prominent, 

situated about one-fourth of the length of the shell behind the most prominent point 

on the anterior margin. Umbonal region full, but not excessively so; point of 

greatest convexity a little above and in front of the center of the valves; postero 

cardinal slope gently concave, causing this part of the shell to appear as slightly 

alate. Surface marked with fine concentric lines, with a few (those shown in the 

illustrations) stronger than the rest. Shell and hinge plate thin; dentition undeter

mined beyond this that it is essentially as called for by the genus. Muscular scars 

unknown. 

I am not acquainted with any species of Cyrtodonta, described heretofore, with 

which this one might be. ~onfounded. C. persimilis Ulrich, a much larger species, is 

in outline somewhat like it, but on comparison proves to have the beaks :situated 

farther forward and to be proportionally less ventricose. Several species belonging 



542 THE PALEONTOLOGY OF MINNESOTA. 
[Oyrtodonta obesa 

to the genus Vanuxemia agree even more closely in their outlines, but in all of them 

the shell is much thicker and the binge generically different. Of all known species 

the two next described are to be considered as the nearest. 

Formation and locality.-The real types of the species were obtained from Mercer county, Ken
tucky, where they were found in a cherty bed equivalent to the Black River limestone of New York. 
Two specimens, both a little larger than the Kentucky types, were collected in Minnesota. Both are 
from the middle third of the Trenton Ehales, one at Minneapolis, the other near Fountain. 

Mus. Reg. No. 8336. 

CYRTODONTA OBESA, n. sp. 

PLATE XXXIX, FIGS. 10, 11 and 12. 

This species is, so far as our knowledge extends, very closely allied to C. rotu(ata. 

It is also associated with it in both Kentucky and Minnesota, but I cannot say that I . 

experienced much trouble in separating them. C. obesa is more gibbous and oblique, 

the anterior end is shorter and much more obtuse in a cardinal view, the posterior 

cardinal slope narrower and scarcely to be described as alate, while the outline at 

this extremity of the hinge is more rounded; the entire outline is to be called' 

broadly ovate rather than subcircular. The umbones also are more prominent and 

inflated. 

Length, 14 mm.; from beak to posterior extremity, 14 mm.; hight at center of 

shell, 11.; thickness, 10.5 mm. In another specimen these dimensions are respectively 

14.2, 14, 11 and 10 mm. 

The above measurements are furnished by two silicified examples from Kentucky, 

which are to be regarded as the types of the species. Besides these two evidently 

young shells from Minnesota localities are referred here provisionally. They are 

too oblique for C. rotulata and have not the proper shape for C. cingulata. The out

line is very nearly as in C. obesa, but they differ from the Kentucky specimens in 

being less gibbous, especially in the umbonal region. 

Formation and locality.-In cherty beds equivalent to the Black River limestone of New York, in 
Mercer county, Kentu ·ky. Specimens doubtfully referred to tbe species were found in the middle third 
of the Trenton shales at St. Paul and Preston, Minnesota. 

(jYRTODONTA GIBBERA, n. sp. 

PLATE XXXIX, FIGS. 13-15. 

In this specimen the umbones are more inflated even than in C. obesa. They 

are also situated farther forward, the anterior end being very short and exceedingly 

obtuse. Although the posterior extremity is sub angular, the form on the whole is 

more rotund, the hight of the shell being greater. C. rotulata is much less gibbous 

in the umbonal and central regions, less oblique and a little longer, particularly in 
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to the genus Vanuxemia agree even more closely in their outlines, but in all of them 

the shell is much thicker and the hinge generically different. Of all known species 

the two next described are to be considered as the nearest. 

Formation and locality.-The real types of the species were obtained from Mercer county, Ken
tucky, where they were found in a cherty bed equivalent to the Black River limestone of New York. 
Two specimens, both a little larger than tbe Kentucky types, were collected in Minnesota. Botb are 
from the middle third of the Trenton Ehales, one at Minneapolis, the other near Fountain. 

Mus. Reg. No. 8336. 

CYRTODONTA OBESA, n. sp. 

PLATE XXXIX. FIGS. 10. 11 and 12. 

This species is, so far as our knowledge extends, very closely allied to C. rotu?ata. 

It is also associated with it in both Kentucky and Minnesota, but I cannot say that I . 

experienced much trouble in separating them. C. obesa is more gibbous and oblique, 

the anterior end is shorter and much more obtuse in a cardinal view, the posterior 

cardinal slope narrower and scarcely to be described as alate, while the outline at 

this extremity of the hinge is more rounded; the entire outline is to be called 

broadly ovate rather than subcircular. The umbones also are more prominent and 

inflated. 

Length, 14 mm.; from beak to posterior extremity, 14 mm.; hight at center of 

shell, 11.; thickness, 10.5 mm. In another specimen these dimensions are respectively 

14.2, 14, 11 and 10 mm. 

The above measurements are furnished by two silicified examples from Kentucky, 

which are to be regarded as the types of the species. Besides these two evidently 

young shells from Minnesota localities are referred here provisionally. They are 

too oblique for C. rotulata and have not the proper shape for C. cingulata. The out

line is very nearly as in C. obesa, but they differ from the Kentucky specimens in 

being less gibbous, especially in the umbonal region. 

Formation and locality.-In cherty beds equivalent to the Black River limestone of New York, in 
Mercer county, Kentu -kyo Specimens doubtfully referred to tbe species were found in the middle third 
lIf the Trenton shales at St. Paul and Preston, Minnesota. 

UYRTODONTA GIBBERA, n. sp. 

PLATE XXXIX. FIGS. 13-15. 

In this specimen the umbones are more inflated even than in C.obesa. They 

are also situated farther forward, the anterior end being very short and exceedingly 

obtuse. Although the posterior extremity is subangular, the form on the whole is 

more rotund, the hight of the shell being greater. C. rotulata is much less gibbous 

in the umbonal and central regions, less oblique and a little longer, particularly in 
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the part that is in front of the beaks. Several species of Vanuxernia present a similar 

external appearance, but they have all a thicker shell and are quite different intern

ally, so that casts of the interior could not possibly be confounded. 

Length, 14.2mm.; from umbone to postero-basal margin, 14.8 mm.; hight at 

middle of shell, 13 mm.; thickness, 11 mm. 

Formation and locality.-Base of the middle Galena, about thirteen miles sonth of Oannon Falls, 
Minnesota. 

CYRTODONTA GLABELLA Ulrich. 

PLATE XXXIX, FIGS. 37 and 40. 

Cypricardites glabella ULRICH, March, 1892, Nineteenth Ann. Rep. Grol. and Nat. Rist. Sur. Minn., 
p.234. 

CypricaJ'dites minnesoiensis SARDESON, April, 1892. Bull. Minn. Acad. Nat. Sci., vol. iii, p. 338. 

Shell of medium size, moderately convex; broad ovate or sub quadrangular in 

outline, with the back straight and rather long, the posterior margin broadly rounded, 

sometimes nearly vertical and slightly straightened in the middle, above making 

an obtusely angular or more or less rounded junction with the hinge line; ventral 

and anterior margins rounded, the latter turning rather sharply backward at the 

hinge. Beaks situated well forward, small, very slightly prominent, the umbonal 

region full, with the line of greatest convexity-not sufficiently defined to be called 

a ridge-extending obliquely across the valve from the beaks. Cardinal slope flat, 

rather abrupt; between this and the undefined umbonal ridge, the surface is again 

flattened; anterior and basal slopes gently convex. Surface marked with somewhat 

irregular concentric lines of growth. 

Good moulds of the interior show that the hinge plate was strong, the liga

mental area very narrow, the cardinal teeth at least two and strong, and the poster

ior teeth two or three in each valve. The beaks are prominent, incurved, and com

pressed because of a sulcus that crosses the valveB a little obliquely, but is lost before 

reaching one-half the distance to the ventral border. On each side of the sulcus is a 

very faint ridge. Anterior adductor distinct, rather small, ovate, acuminate below. 

Pallialline distinct, especially the anterior part where it appears as a sharply 

defined pustulose ridge in the cast. Posterior adductor ovate, the long diameter 

vertical, nearly three times the size of the anterior, situated about one-third of its 

length beneath the posterior end of the hinge plate. 

This fine shell is an early form of the group of species of which C. gerrnana, 

C. grandisand C. billingsi are more typical representatives. It is distinguished 

from them all by the more anterior position of the beaks, and greater prominence 

of the antero-basal margin. The next species, though very similar in most respects, 

belongs to another group of species, in which the internal ridge and sulcus is 

indistinguishable. 
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the part that is in front of the beaks. Several species of Vanuxernia present a similar 

external appearance, but they have all a thicker shell and are quite different intern

ally, so that casts of the interior could not possibly be confounded. 

Length, 14.2mm.; from umbone to postero-basal margin, 14.8 mm.; hight at 

middle of shell, 13 mm.; thickness, 11 mm. 

Formation and locality.-Base of the midc1le Galena, about thirteen miles sonth of Oannon Falls, 
Minnesota. 

CYRTODONTA GLABELLA Ulrich. 

PLATE XXXIX, FIGS. 37 and 40. 

Cypricardites glabella ULRICH, March, 1892, Nineteenth Ann. Rep. Geol. anc1 Nat. Rist. Sur. Minn., 
p.234. 

Cypricardites minnesoiensis SARDESON, April, 1892. Bull. Minn. Acac1. Nat. Sci., vol. iii, p. 338. 

Shell of medium size, moderately convex; broad ovate or subquadrangular in 

outline, with the back straight and rather long, the posterior margin broadly rounded, 

sometimes nearly vertical and slightly straightened in the middle, above making 

an obtusely angular or more or less rounded junction with the hinge line; ventral 

and anterior margins rounded, the latter turning rather sharply backward at the 

hinge. Beaks situated well forward, small, very slightly prominent, the umbonal 

region full, with the line of greatest convexity-not sufficiently defined to be called 

a ridge-extending obliquely across the valve from the beaks. Cardinal slope flat, 

rather abrupt; between this and the undefined umbonal ridge, the surface is again 

flattened; anterior and basal slopes gently convex. Surface marked with somewhat 

irregular concentric lines of growth. 

Good moulds of the interior show that the hinge plate was strong, the liga

mental area very narrow, the cardinal teeth at least two and strong, and the poster

ior teeth two or three in each valve. The beaks are prominent, incurved, and com

pressed because of a sulcus that crosses the val vel:! a little obliquely, but is IOl:!t before 

reaching one-half the distance to the ventral border. On each side of the sulcus is a 

very faint ridge. Anterior adductor distinct, rather small, ovate, acuminate below. 

Pallialline distinct, especially the anterior part where it appears as a sharply 

defined pustulose ridge in the cast. Posterior adductor ovate, the long diameter 

vertical, nearly three times the size of the anterior, situated about one-third of its 

length beneath the posterior end of the hinge plate. 

This fine shell is an early form of the group of species of which C. gerrnana, 

C. grandis and C. billingsi are more typical representatives. It is distinguished 

from them all by the more anterior position of the beaks, and greater prominence 

of the antero-basal margin. The next species, though very similar in most respects, 

belongs to another group of species, in which the internal ridge and sulcus is 

indistinguishable. 



544 THE PALEONTOLOGY OF MINNESOTA. 
l C yrtodon ta pesI'similis . 

Formation and locality.-The original type is from the middle third of the Trenton shales at Minne
apolis. A small cast of the interior, belonging to the survey collection, was found in the building lime
stone at the same place. Oasts occur also in the lower Trenton limestone at Beloit, Wisconsin and Dun
leith, Illinois. 

M1ts. Reg. No. 5100. 

CYRTODONTA PERSIMILIS, n. sp. 

PLA TE XXXIX. FIGS. 41 and 44. 

This form, which is known only from casts of the interior, was confused with 

C. glabella until a critical comparison proved it to be not only distinct but to belong 

to another group of species. The outline is very much alike in the two species, but 

here even some "constant differences are to be observed, especially in the shape of 

the margin at the posterior extremity of the hinge, where the present species is 

more angular. But the main difference lies in the fullness of the umbones, there 

being no appreciable sign of the sulcus and ridge which cross this portion of casts 

of that species. This difference is very obvious after it has once been pointed out. 

The beaks are also more strongly incurved and the hinge bent downward anteriorly 

in a greater degree, while the plate is probably also of less width. Finally, the 

posterior muscular scar is closer to the hinge and the longer diameter of the 

impressions more oblique. 

The systematic position of the species is near C. rotulata, C. cingulata, and C. 

tenella. The first is more rptund in outline, less oblique and has fuller umbones, 

the others are higher and have the beaks situated farther behind the anterior 

extremity. 

At Minneapolis C. per8imilis is associated with a small Vanuxemia that is n.ot 

easily distinguished unless the casts are clean and in good condition. The latter 

(V: decipiens,)diffets somewhat in its outline being proportionally narrower anteriorly, 

but the principal difference lies in the character of the anterior adductor scar, which 

is much more distinct from the umbonal cavity. In short, the species is not a 
Crytodonta but a Vanuxemia as now defined. 

Formation and Locality.-Trenton limestones, Minneapolis, Minnesota, "Lower Blue Beds" of the 
Trenton formation at Beloit, Wisconsin. 

CYRTODONTA OVIFORMIS, Ulrich. 

PLATE XXXIX, FIG. 16; PLATE XL, FIG. 1. 

Cypricardite8 ovifonnis ULRICH, 1892. Amer. Geol,,>ol. x, p. 99. 

Shell rather above the medium in size, moderately convex,~but little oblique, the 

outline almost regularly oval, with the posterior end a little the widest and a slight 

straightening along the cardinal margin. Beaks small, situated between one-fourth 

and one-fifth of the length behind the anterior extremity; erect, compressed and not 
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The systematic position of the species is near C. rotulata, C. cingulata, and C. 
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Oyrtodonta clngulata.] 
LAMELLIBRANORIATA. 545 

incurved in casts of the interior; in the shell projecting very little above the hinge 

line. U mbonal ridge very indistinct, with the point of greatest convexity a little 

above and in front of the middle. In the casts there is a more or less sharply defined 

and unusually wide depressed or .flattened strip running from the beaks down ward. 

Hinge plate wide and strong, with two strong posterior lateral teeth in each valve, 

and sometimes a third small one above them in the left valve. Anterior teeth con

sisting of one long tooth placed parallel with the margin of the shell in front of the 

beaks and five or six small unequal teeth running downward from the horizontal 

tooth. Ligamental area well developed. Anterior muscular scar distinct, elongate, 

vertically disposed, situated immediately beneath the cardinal teeth. Posterior scar 

illy defined. Shell substance thin, except in the anterior a,nd dorsal region. 

The small vertically arranged anterior teeth, and the erect and strongly com

pressed beaks of casts of the interior are the two principal peculiarities of the 

species. These and other equally obvious characters distinguish it from C. glabella 

Ulrich. C. saffordi Hall, sp., often has the cardinal teeth broken up in a similar 

manner, but differs too obviously in other respects to render confusion between 

them at all likely. 

Formation and locality.-Two opposite valves were collected by Mr. Ohas. Schuchert at Janesville. 
WisconSin, in the" Lower Blue limestone." These are now in the museum of the Geological and Natural 
History Survey of Minnesota. 

Mus. Reg. No. 8324. 

CYRTODONTA CINGULATA Ulrich. 

PLATE XL, FIGS. 7 and 8. 

Oypricardites cingulata ULRICH, 1892. Nineteenth Ann. Rep., Geol. and Nat. Rist. Sur. Minn., p. 235. 

Shell scarcely reaching the medium size, ventricose in the central and umbonal 

region, oblique, narrow anteriorly and broadly rounded posteriorly; the outline on 

the whole, excepting a slight prominence at the postero-cardinal edge, almost regu

larlyovate; hinge line rather short posterior to the beaks, slightly convex. Beaks 

of good size, strongly incurved, projecting well above the hinge. situated a little 

more than one-fourth of the entire length behind the anterior extremity; umbones 

prominent, full, with an obtuse ridge or line of greatest altitude running from the 

beaks towards the postero-basal side; anterior and cardinal slopes both slightly 

concave, the latter descending more rapidly. Point of greatest convexity near the 

middle of a line drawn parallel with and one third of the hight of the shell beneath 

the hinge. Surface marked with very fine concentric lines, easily abraded. and 

distant irregular lines or wrinkles of growth. Shell substance thin. Internal char

acters unknown. 
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beaks and five or six small unequal teeth running downward from the horizontal 

tooth. Ligamental area well developed. Anterior muscular scar distinct, elongate, 

vertically disposed, situated immediately beneath the cardinal teeth. Posterior scar 

illy defined. Shell substance thin, except in the anterior and dorsal region. 

The small vertically arranged anterior teeth, and the erect and strongly com

pressed beaks of casts of the interior are the two principal peculiarities of the 

species. These and other equally obvious characters distinguish it from C. glabella 

Ulrich. C. saiJordi Hall, sp., often has the cardinal teeth broken up in a similar 

manner, but differs too obviously in other respects to render confusion between 

them at all likely. 

Formation and locality.-Two opposite valves were collected by Mr. Ohas. Schuchert at Janesville. 
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CYRTODONTA CINGULATA Ulrich. 

PLATE XL, FIGS. 7 and 8. 

Oypricardites cingulata ULRICH, 1892. Nineteenth Ann. Rep., Geol. and Nat. Hist. Sur. Minn., p. 235. 

Shell scarcely reaching the medium size, ventricose in the central and umbonal 

region, oblique, narrow anteriorly and broadly rounded posteriorly; the outline on 

the whole, excepting a slight prominence at the postero-cardinal edge, almost regu

larly ovate; hinge line rather short posterior to the beaks, slightly convex. Beaks 

of good size, strongly incurved, projecting well above the hinge, situated a little 

more than one-fourth of the entire length behind the anterior extremity; umbones 

prominent, full, with an obtuse ridge or line of greatest altitude running from the 
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concave, the latter descending more rapidly. Point of greatest convexity near the 

middle of a line drawn parallel with and one third of the hight of the shell beneath 

the hinge. Surface marked with very fine concentric lines, easily abraded, and 

distant irregular lines or wrinkles of growth. Shell substance thin. Interna,.l char

acters unknown. 
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lOyrtodonta teneHa. 

This species seems to be rather closely related to Cyrtodonta canadensis Billings, 

but is more erect, comparatively higher posteriorly and has its outline more pro

duced and more sharply rounded in the postero-cardinal region. C. tenella has a 

longer hinge line and is more uniformly convex. C. grandis Ulrich, is a larger and 

almost circular shell. 
Although the hinge and internal characters are unknown, I cannot doubt that 

the species is a true Cyrtodonta. Ijudge further that it belongs to the group of species 

of which C. persimil'is and C. rot1.,tlata are typical members. 

F01'mation and locality.-Middle third of the Trenton shales, Minneapolis, Minnesota. 

CYRTODONTA TENELLA Ulrich. 

PLATE XL. FIGS. 15-19. 

Cypricardites tenellus ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Hist. Sur. Minn., p. 237. 

Shell of medium size or less, moderately ventricose, not very oblique,subovate, 

widest posteriorly, slightly alate and subangular or sharply rounded in the postero

cardinal region. Hinge line long, slightly arcuate, posterior margin straightened 

in the upper half, broadly rounded and produced a little in the lower half; ventral' 

margin rather strongly convex, most prominent a little behind the middle; anterior 

end more or less narrowly rounded. Beaks small, incurved, projecting moderately 

beyond the hinge line; situated about one-fourth of the entire length behind the 

anterior extremity; umbones full, prominently rounded. Cardinal slope slightly 

concave. Surface marked with rather fine concentric strioo, and sometimes with 

strong distant lines of growth as well. 

Shell substance very thin. Hinge plate narrow, a good part of it forming a finely 

striated ligamental area; two very slender posterior lateral teeth in the right valve, 

and the same number probably in the left; anterior teeth obscure in the specimen, 

consisting apparently of two slight horizontal folds in the margin of the shell, 
muscula,r impressions very faint. 

The hinge plate and teeth are thinner in this species than in any other known 

from Lower Silurian deposits. In two Upper Silurian species, however, C. primigenia 

Conrad, sp. (Medina), and C. dictwa Hall, sp. (Niagara), the hinge is quite as slender 
if not more so. 

C. cingulata is a more ventricose shell, especially in the central and umbon!tl 

regions; the outline is a little different, being longer from the beaks to the postero

ventral margin, and the hinge line shorter. C. grandis and its varieties germana and 

luculenta, the first and second from the Galena, the laE't from the Hudson River 

group, are very similar shells, differing chiefly in the greater strength of their hinges. 
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lCyrtodonta teneHa. 

This species seems to be rather closely related to Cyrtodonta canadensis Billings, 

but is more erect, comparatively higher posteriorly and has its outline more pro

duced and more sharply rounded in the postero-cardinal region. C. tenella has a 

longer hinge line and is more uniformly convex. C. grandis Ulrich, is a larger and 

almost circular shell. 
Although the hinge and internal characters are unknown, I cannot doubt that 

the species is a true Cyrtoclonta. Ijudge further that it belongs to the group of species 

of which C. persimilis and C. rotLdata are typical members. 

F01'mation and locality.-Miclclle tbird of tbe Trenton sbales, Minneapolis, Minnesota. 

CYRTODONTA TENELLA Ulrich. 

PLATE XL. FIGS. 15-10. 

CYP1'icardites tenellus ULRICH, 1892. Nineteentb Ann. Rep. Geol. and Nat. Hist. Sur. Minn., p. 237. 

Shell of medium size or less, moderately ventricose, not very oblique,subovate, 

widest posteriorly, slightly alate and subangular or sharply rounded in the postero

cardinal region. Hinge line long, slightly arcuate, posterior margin straightened 

in the upper half, broadly rounded and produced a little in the lower half; ventral' 

margin rather strongly convex, most prominent a little behind the middle; anterior 

end more or less narrowly rounded. Beaks small, incurved, projecting moderately 

beyond the hinge line; situated about one-fourth of the entire length behind the 

anterior extremity; umbones full, prominently rounded. Cardinal slope slightly 

concave. Surface marked with rather fine concentric strirn, and sometimes with 

strong distant lines of growth as well. 

Shell substance very thin. Hinge plate narrow, a good part of it forming a finely 

striated ligamental area; two very slender posterior lateral teeth in the right valve, 

and the same number probably in the left; anterior teeth obscure in the specimen, 

consisting apparently of two slight horizontal folds in the margin of the shell, 

musculctr impressions very faint. 

The hinge plate and teeth are thinner in this species than in any other known 

from Lower Silurian deposits. In two Upper Silurian species, however, C. primigenia 

Conrad, sp. (Medina), and C. dictcea Hall, sp. (Niagara), the hinge is quite as slender 
if not more so. 

C. cingulata is a more ventricose shell, especially in the central and umbonal 

regions; the outline is a little different, being longer from the beaks to the postero

ventral margin, and the hinge line shorter. C. grandis and its varieties germana and 

lUcLdenta, the first and second from the Galena, the la8t from the Hudson River 

group, are very similar shells, differing chiefly in the greater strength of their hinges. 
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548 THE PALEONTOLOGY OF MINNESOTA. 
[Oyrtodonta grandis. 

Shell large, moderately ventricose, slightly oblique, the outline subcircular. 

Beaks small, projecting slightly above the hinge line, obliquely incurved, almost in 

contact· situated about in the middle of the anterior half of the cardinal margin. , . . 

Umbonal ridge inconspicuous, the slope of the surface to the postero-cardinal mar-

gin gradual and slightly concave, the slope to the basal and anterior margins very 

gently convex; point of greatest convexity a little above the center of the shell. An

terior end longer in front of the beaks than usual in this genus, the margin narrowly 

rounded above, then with a very gentle and almost uniform downward and backward 

curve, merging imperceptibly into the basal, and later into the posterior margin. 

Antero-cardinal edge slightly produced; likewise the postero-ventral, but in most 

cases so gently as to be scarcely appreciable. Surface smooth, with fine concentric 

lines of growth. 

Ligamental area deep but appearing narrow in a cardinal view. As usual, it is 

finely striated longitudinally. Hinge plate strong, with three anterior teeth in the 

left, and four in the right valve. These teeth are short and abruptly curved down at 

their posterior ends, terminating with a knob-like projection. In the right valve 

the first and fourth are much smaller than the second and third; the middle tooth of 

the three in the left valve is also much the largest. Posterior teeth longer, parallel, 

and slightly curved, three in the right valve and two in the left. Anterior and pos

terior muscular scars large, situated just beneath the two sets of hinge teeth, the 

posterior one rather faintly impressed, the anterior deep. Pallial line simple, only 

the anterior half sharply defined, and often emphasized by a series of small pits. 

Inner side of shell with two low, subparallel ridges extending from the beaks two

thirds the distance to the postero-basal margin. The furrow between these appears 
, 

as a low ridge on casts of the interior. These often present another but much 

smaller ridge running downward from the inner margin of the anterior muscular 

scar. In casts the beaks are flattened, very prominent, not strongly in curved nor 
far apart. 

The above description does very well for the large Kentucky types upon which 

the species was founded. It is also wide enough to include a few of the numerous 

casts that occur in the lower and middle beds of the Galena of Minnesota. The 

majority of them, however, seem to fall more nearly under the variety or species 

germana which was established (loc. cit) for the reception of usually smaller specimens 

in which the form is a little more oblique and the hinge plate proportionately thin

ner and longer, with the cardinal teeth less curved and the posterior teeth placed 

more nearly horizontal. The internal furrow and the anterior muscular scar, are 

both less deep in this variety, than in the true grand is. The same is true of the 
pallial line. 
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the species was founded. It is also wide enough to include a few of the numerous 
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both less deep in this variety, than in the true grand is. The same is true of the 
pallial line. 
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Fig. 9 of plate XL, represents what appears to be a large right valve of germana. 

The specimen is preserved as a partial mould of the exterior. Another specimen 

from the Galena near Wykoff may be said to be identical in its characters with the 

original types of germana. The specimen represented by fig. 10 is one of a number 

in which the balance of agreements is with the variety rather than with typical 

grandis, while the original of fig. 11 was made by a small right valve of which the 
opposite seems to be true. 

Another variety was found in the Trenton of Tennessee by Prof. J as. M. Safford, 

and sent to me for examination. The illustrations show that in its outline and 

general appearance this new variety closely simulates variety germana and C. tenella. 

It differs, however, in the teeth which are stronger and more curved than in those 

forms, being on the whole more like those of C. grandis and C. saiJordi. As it marks 

another stage in the development of this type of shells it should receive a name. I 

propose therefore that it be called Cyrtodonta grandis, var. intermedia. 

Mr. Sardeson has given the name lueulenta (Zoe. cit.) to a Hudson River form of 

which the hinge and exterior of two fair examples are represented on Plate XL, by 

figs. 13 and 14. This form I cannot now regard as specifically distinct from C. grandis, 

since it is almost identical with var. germana, the only difference being small ones 

in the hinge and that the umbones are somewhat larger in the lueulenta. 

Two other stages in the development of this series of shells, in these cases per

haps of specific importance, occur in the upper beds of the Cincinnati group at Rich

mond, Indiana. These I hope to describe in another publication. 

Formation and locality.-The types of O. grandis and the var. germana, are from the upper Trenton 
between Burgin and Danville, Kentucky. Oasts of the species and variety have been found in the middle 
and lower Galena near Cannon Falls, Kenyon, Pleasant Grove, Wykuff, Lime OiLY, and other localities in 
Minnesota; at Decorah, Iowa, and Oshkosh, Wisconsin. The variety intermedia is so far known only 
from the Trenton at Haynie's mill, in Tennessee, where it occurs in association with Vanuxemia hayniana 
Safford, sp. The var. luculenta occurs in the shaly limestones of the Hudson River group at Granger and 
other localities in Fillmore county, Minnesota. . 

Mus. Reg. Nos. 8337, 8347, 4102, 8360, 8333. Var. luculenta 8332. 

Genus V ANUXEMIA, Billings. 

Vanuxemia, BILLINGS,1858. Rep. of Progr. Geol. Sur. Can., p. 186. 

Shells ventricose, oblique, acuminate ovate to subr.ircular: anterior end very short 

and small, the posterior broadly rounded. Umbones full, prominent, beaks strongly 

incurved. Surface with concentric growth lines only. Hinge strong, with teeth 

as in Cyrtodonta,. two to four, rarely more, cardinal, and two to four posterior lateral 

teeth in each valve. Teeth frequently striated transversely, an elongated ligamental 

area generally present. Two adductors, the anterior depression very sharply defined 

and deep, and situated in a prolongation from the anterior end of the hinge plate; 

Vanuxemia.] 
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Fig. 9 of plate XL, represents what appears to be a large right valve of germana. 

The specimen is preserved as a partial mould of the exterior. Another specimen 

from the Galena near Wykoff may be said to be identical in its characters with the 

original types of germana. The specimen represented by fig. 10 is one of a number 

in which the balance of agreements is with the variety rather than with typical 

grandis, while the original of fig. 11 was made by a small right valve of which the 

opposite seems to be true. 

Another variety was found in the Trenton of Tennessee by Prof. Jas. M. Safford, 

and sent to me for examination. The illustrations show that in its outline and 

general appearance this new variety closely simulates variety germana and C. tenella. 

It differs, however, in the teeth which are stronger and more curved than in those 

forms, being on the whole more like those of C. grandis and C. sajJordi. As it marks 

another stage in the development of this type of shells it should receive a name. I 

propose therefore that it be called Cyrtodonta grandis, var. intermedia. 

Mr. Sardeson has given the name luculenta (loc. cit.) to a Hudson River form of 

which the hinge and exterior of two fair examples are represented on Plate XL, by 

figs. 13 and 14. This form I cannot now regard as specifically distinct from C. grand£s, 

since it is almost identical with var. germana, the only differenee being small ones 

in the hinge and that the umbones are somewhat larger in the luculenta. 

Two other stages in the development of this series of shells, in these cases per

haps of specific importance, occur in the upper beds of the Cincinnati group at Rich

mond, Indiana. These I hope to describe in another publication. 

Formation arid locality.-The types of C. grandis and the var. germana, are from the upper Trenton 
between Burgin and Danville, Kentucky. Casts of the speeies and variety have been fuund in the middle 
and lower GaJena near Cannon Falls, Kenyon, Pleasant Grove, Wykuff, Lime CiLY, and other localities in 
Minnesota; at Decorah, Iowa, and Oshkosh. Wisconsin. The variety intermedia is so far known only 
from the Trenton at Haynie's mill, in Tennessee, where it occurs in association wi th Vanuxemia haynirtna 
Safford, sp. The var. luculenta occur;; in the shaly limestones of the Hudson River group at Granger and 
other localities in Fillmore county, Minnesota. 

Mu.~. Reg. Nos. 8337,8341,4102,8360,8333. Var. luculenta 8332. 

Genus VANUXEMIA, Billings. 

Vanuxemia, BILLINGS, 1858. Rep. of Progr. Geol. Sur. Can., p. 186. 

Shells ventricose, oblique, acuminate ovate to subeircular; anterior end very short 

and small, the posterior broadly rounded. Umbones full, prominent, beaks strongly 

incurved. Surface with concentric growth lines only. Hinge strong, with teeth 

as in Cyrtodonta,. two to four, rarely more, cardinal, and two to four posterior lateral 

teeth in each valve. Teeth frequently striated transversely, an elongated ligamental 

area generally present. Two adductors, the anterior depression very sharply defined 

and deep, and situated in a prolongation from the anterior end of the hinge plate; 
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in cast.s of the interior forming a distinct lobe-like prominence, often of reniform 

shape, immediately in front and sometimes partly between the filling of the beaks. 

Posterior scar indistinct, larger than the anterior. Pallial line simple. Internal 

umbonal ridge well developed. 

Type: Vanuxemia inconstans Billings. 

As a rule this genus can be distinguished from Cyrtodonta by the more nearly 

terminal position and greater prominence of the beaks, but the final and only reliable 

test lies in the position and character of the anterior adductor scar. This, in being 

excavated out of the hinge plate instead of being placed on the floor of the valve, 

makes so obvious a difference that I cannot see, now that it is pointed out, how any 

one can fail to discriminate between the two genera. 

Between twenty and twenty-five valid species of Vanuxemia are known to me. 

They are all Lower Silurian and, although Billings has placed a Devonian shell here, 

I am almost sati~fied that the genus became extinct with the close of the Hudson 

River deposits. 

V ANUXEMIA DIXONENSIS Meek and Worthen. 

PLATE XXXVIII, FIGS. 1-5. 

Vanuxemia dixonensis MEEK AND WORTHEN. Pro. Chicago Acad. ScL, vol. i, p. 16; also 1868, Geol. 
Sur. Ill., vol. iii; p. 297, pI. 1, fig. 5a, b. 

Shell beneath m.edium size, very gibbous, obliquely acuminate-ovate, the nar

rowly rounded rostrum forming the small end of the oval. Outline gently arcuate 

dorsally, and usually rather sharply rounded at the posterior extremity of the hinge; 

from this point around the lower half of the shell, the outline sometimes forms a 

regular semicircle, but it is more common to find that the center of the base is more 

or less produced. (See fig. 4.) Anterior end rounded, projecting very little, if at all, 

beyond the nearly terminal beaks. Beneath the latter the outline is insinuated 

often strongly, but in most cases more gently than in fig. 5; in a front view an unde

fined heart-shaped lunule-like depression. Umbones tumid and prominent, with the 

beaks curving strongly inward and forward. An obtuse curving ridge extends from 

each beak backward along the depressed hinge line. These dorsal ridges form a 

broad flattened or rather concave back to the closed valves. Just within them an 

impressed line, defining a lanceolate escutcheon-like area, is sometimes distinguish

able. Surface marked with strong, but unequal concentric lines of growth. 

In casts of the interior the beaks stand far apart (much more so than in the 

shell), are very prominent, broad, much compressed, concave on the inner side, sharp

edged in front and very little incurved, while a more or less strong and nearly vertical 

sulcus and ridge marks the anterior half. The dorsal ridges are sharper than on the 
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in cast.s of the interior forming a distinct lobe-like prominence, often of reniform 

shape, immediately in front and sometimes partly between the filling of the beaks. 

Posterior scar indistinct, larger than the anterior. Pallial line simple. Internal 

umbonal ridge well developed. 

Type: Vanuxemia inconstans Billings. 

As a rule this genus can be distinguished from Cyrtodonta by the more nearly 

terminal position and greater prominence of the beaks, but the final and only reliable 

test lies in the position and character of the anterior adductor scar. This, in being 

excavated out of the hinge plate instead of being placed on the floor of the valve, 

makes so obvious a difference that I cannot see, now that it is pointed out, how any 

one can fail to discriminate between the two genera. 

Between twenty and twenty-five valid species of Vanuxemia are known to me. 

They are all Lower Silurian and, although Billings has placed a Devonian shell here, 

I am almost sati::,fied that the genus became extinct with the close of the Hudson 

River deposits. 

VANUXEMIA DIXONENSIS Meek and Worthen. 

PLATE XXXVIII, FIGS. 1-5. 

Vanuxemia dixonensis MEEK AND ·WORTHEN. Pro. Chicago Acad. ScL, vol. i, p. 16; also 1868, Geol. 
Sur. Ill., vol. iii; p. 297, pI. 1, fig. 5a, b. 

Shell beneath medium size, very gibbous, obliquely acuminate-ovate, the nar

rowly rounded rostrum forming the small end of the oval. Outline gently arcuate 

dorsally, and usually rather sharply rounded at the posterior extremity of the hinge; 

from this point around the lower half of the shell, the outline sometimes forms a 

regular semicircle, but it is more common to find that the center of the base is more 

or less produced. (See fig. 4.) Anterior end rounded, projecting very little, if at all, 

beyond the nearly terminal beaks. Beneath the latter the outline is insinuated 

often strongly, but in most cases more gently than in fig. 5; in a front view an unde

fined heart-shaped lunule-like depression. Umbones tumid and prominent, with the 

beaks curving strongly inward and forward. An obtuse curving ridge extends from 

each beak backward along the depressed hinge line. These dorsal ridges form a 

broad flattened or rather concave back to the closed valves. Just within them an 

impressed line, defining a lanceolate escutcheon-like area, is sometimes distinguish

able. Surface marked with strong, but unequal concentric lines of growth. 

In casts of the interior the beaks stand far apart (much more so than in the 

shell), are very prominent, broad, much compressed, concave on the inner side, sharp

edged in front and very little incurved, while a more or less strong and nearly vertical 

sulcus and ridge marks the anterior half. The dorsal ridges are sharper than on the 



Vanuxemia dixonensis, var. insneta.] 
LAMELLIBRANCHIATA. 551 

shell itself, and a flattening of the surface beneath them is usually distinguishable. 

Anterior muscular impression distinct, reniform, the pair forming a strongly defined 

lobe at the base of the beaks. Posterior scar large, but very faint. Pallial line 

rather indistinct, except in the anterior part. 

Shell substance very thick in the anterior third. Ligamental area with good 

definition, strongly concave, long, high, but not wide in a dorsal view. Posterior 

lateral teeth, three in each valve, the upper often much the smallest; in many cases 

more nearly horizontal than shown in fig. 4. Cardinal teeth normally three in each 

valve, subequal, nearly horizontal, slightly curved. Occasionally the upper one is 

more slender than usual, and one or both of the others divided so that their number 

may be four or even five in each side. 

This species, which is one of the most abundant and best marked fossils of this 

class found in Minnesota, was at first believed to be identical with V. inconstans Billings, 

but a second comparison with the original description and figure of that spocies 

seemed to throw some doubt upon their identity. This doubt was strengthened to 

conviction when a few days ago I received from Prof. Jas. M. Safford an authentic 

example of Billing's species. This shows that, despite the close agreement of the 

two species, Meek and Worthen were fully justified in separating their shell. The 

principal difference lies in the anterior part of the shells, which in V. inconstans is 

more obtuse than in V. dixonensis, and in the upper part just beneath the beaks pre

sents a small protuberance where the latter has a lunule-like excavation. This 

difference is due to the shape of the anterior e:ktremity of the hinge, this being 

angular in V. inconstans a.nd well rounded in V. dixonensis. 

Compared with other species, V. rotundata Hall, sp., and V. suber-ecta, and V. crassa 

are all less oblique and of rounder outline; in V. obtusi/rons the dorsal outline is 

concave instead of convex. 

Formation and locality.-Very common in the uppf'r beds of the Trenton llmestone at Minneapolis 
and St. Paul; less abundant at Cannon Falls and other localities in the state. In the" Lower Blue beds" 
at Janesville, Wisconsin, and Dixon, Illinois. 

Mus. Reg. Nos. 202, 320, 670, 5030, 5098, 5525, 5527, 5fi76, 8322, 8330, 8331. 

VANUXEMIA DIXONENSIS, var. INSUETA, n. val'. 

PLATE XXXVIII, FIGS. 6 and 7. 

This name is proposed provisionally for one or two casts differing from the 

ordinary form of V. dixonensis apparently in one important respect only, namely, 

the sulcus and ridge which should traverse the anterior part of the cast from the 

umbones downward is wanting except above the anterior muscular scar where a 

slight flattening of the umbones may represent the sulcus. The beak also is more 

incurved than in any specimen of the typical form of the species seen. 

Vanuxemia dixonensis, var. insueta.] 
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shell itself, and a flattening of the surface beneath them is usually distinguishable. 

Anterior muscular impression distinct, reniform, the pair forming a strongly defined 

lobe at the base of the beaks. Posterior scar large, but very faint. Pallial line 

rather indistinct, except in the anterior part. 

Shell substance very thick in the anterior third. Ligamental area with good 

definition, strongly concave, long, high, but not wide in a dorsal view. Posterior 

lateral teeth, three in each valve, the upper often much the smallest; in many cases 

more nearly horizontal than shown in fig. 4. Cardinal teeth normally three in each 

valve, subequal, nearly horizontal, slightly curved. Occasionally the upper one is 

more slender than usual, and one or both of the others divided so that their number 

may be four or even five in each side. 

This species, which is one of the most abundant and best marked fossils of this 

class found in Minnesota, was at first believed to be identical with V. inconstans Billings, 

but a second comparison with the original description and figure of that spocies 

seemed to throw some doubt upon their identity. This doubt was strengthened to 

conviction when a few days ago I received from Prof. Jas. M. Safford an authentic 

example of Billipg's species. This shows that, despite the close agreement of the 

two species, Meek and Worthen were fully justified in separating their shell. The 

principal difference lies in the anterior part of the shells, which in V. inconstans is 

more obtuse than in V. dixonensis, and in the upper part just beneath the beaks pre

sents a small protuberance where the latter has a lunule-like excavation. This 

difference is due to the shape of the anterior e:s:tremity of the hinge, this being 

angular in V. inconstans a.nd well rounded in V. dixonensis. 

Compared with other species, V. rotundata Hall, sp., and V. suberecta, and V. crassa 

are all less oblique and of rounder outline; in V. obtusijj'ons the dorsal outline is 

concave instead of convex. 

Formation and locality.-Very common in the upppr beds of the Trenton llmestone at Minneapolis 
and St. Paul; less abundant at Oannon Fall~ and other localities in the state. In the" Lower Blue beds" 
at Janesville, Wisconsin, and Dixon, Illinois. 

Mus. Reg. Nos. 202, 320, 670, 5030, 5098, 5525, 5527, 5fi76, 8322, 8330, 8331. 

VANUXEMIA DIXONENSIS, var. INSUETA, n. va)'. 

PLATE XXXVIII, FIGS. 6 and 7. 

This name is proposed provisionally for one or two casts differing from the 

ordinary form of V. dixonensis apparently in one important respect only, namely, 

the sulcus and ridge which should traverse the anterior part of the cast from the 

umbones downward is wanting except above the anterior muscular scar where a 

slight flattening of the umbones may represent the sulcus. The beak also is more 

incurved than in any specimen of the typical form of the species seen. 
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Formation and locality.--Upper part of the Trenton limestone, Minneapolis, Minnesota. The 
illustrated specimen was found by Mr. A. D. Meeds and kindly given by him to the author. The other, 
a much smaller and doubtful cast, belongs to the survey collection and bears the museum register 
number 8329. 

VANUXEMIA ROTUNDATA Hall. 

PLATE XXXVIII. FIGS. 8-14. 

Cypricardites j'otttndata HALL, 1861. Rept. Supt. Geol. Sur., Wis. p. 29; 1862, Geol. Rept. Wis., 
vol. i, p. 38, fig. 7, and p. 437. 

Cypricardites rotundatus (part.) WHITFIELD, 1874. Geol. Rept. Wis., vol. iv. p. 208. (Not the speci
men illustrated-pI. V, fig. ll-which belongs to V. suberecta ULRICH.) 

This species is very similar to V. dixonensis Meek and Worthen, and in another 

direction quite as much like V. suberecta Ulrich. Still, as it is very constant in its 

peculiarities, and not at all difficult to distinguish, it should be recognized as a dis

tinct species. From the first it differs in being shorter from the beaks to the base 

and therefore circular rather than ovate in outline. The form of the casts, the only 

condition in which the species has been observed, is more erect, the beaks curving 

much less forward so that the anterior margin projects considerably beyond them. 

The anterior sulcus is on the whole stronger, the pallial line more distinct, and the 

average size of the shells little more than half what it is in V. dixonensis. In other 

respects, including the hinge, the two species are practically indentical. Hall says 

there are two posterior lateral teeth in each valve, and Whitfield one or two, but in 

all the specimens seen by me (about fifty), their number was not less than two and 

oftener three. 

Compared with V. suberecta, a form that was united by Whitfield with V. rotun

data, the latter is found to be more oblique, with the anterior end longer and more 

rounded above, the sulcus stronger, more curved, narrower, and without the small 

ridge which i~ included in the sulcus in that species. Nor is the anterior boundary 

of the sulcus, especially beneath the muscular scar, so much thickened. There are 

furthermore some dift'erences in the backs of the two species, the hinge line being 

less sunken, the dorsal ridges more obtuse, and the outline, in a side view, straighter 

and even a little concave behind the beaks in some casts of V. suberecta. The hinge 

of the latter is not fully known, but so far as our knowledge goes, it adds another 

difference in the greater obliquity of the cardinal teeth. The survey collection con

tains two examples (Mus. Reg. No. 8321) of an unu~ually convex small variety of this 

speCIes. Four views are given of one of these on plate XXXVIII. 

Formation and locality.-Very common in the" Lower Blue Beds" of the Trenton formation at 
Janesville and Beloit, Wisconsin. A few specimens from the upper part of the limestone at Minneapolis, 
are doubtfully referred here. 

Mus. Reg. Nos. ?5101, 8319, 8321. 
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Formation and locality.--Upper part of the Trenton limestone, Minneapolis, Minnesota. The 
illustrated specimen was found by Mr. A. D. Meeds and kindly given by him to the author. The other, 
a much smaller and doubtful cast, belongs to the survey collection and bears the museum register 
number 8329. 

VANUXEMIA ROTUNDATA Hall. 

PLATE XXXVIII. FIGS. &-14. 

Cypricardites j'otttndata HALL, 1861. Rept. Supt. Geol. Sur., Wis. p. 29; 1862, Geol. Rept. Wis., 
vol. i, p. 38, fig. 7, and p. 437. 

Cypricardites rotunclatus (part.) WHITFIELD, 1874. Geol. Rept. Wis., vol. iv, p. 208. (Not the speci
men illustrated-pI. V, fig. ll-which belongs to V. suberecta ULRICH.) 

This species is very similar to V. dixonensis Meek and Worthen, and in another 

direction quite as much like V. suberecta Ulrich. Still, as it is very constant in its 

peculiarities, and not at all difficult to distinguish, it should be recognized as a dis

tinct species. From the first it differs in being shorter from the beaks to the base 

and therefore circular rather than ovate in outline. The form of the casts, the only 

condition in which the species has been observed, is more erect, the beaks curving 

much less forward so that the anterior margin projects considerably beyond them. 

The anterior sulcus is on the whole stronger, the pallial line more distinct, and the 

average size of the shells little more than half what it is in V. dixonensis. In other 

respects, including the hinge, the two species are practically indentical. Hall says 

there are two posterior lateral teeth in each valve, and Whitfield one or two, but in 

all the specimens seen by me (about fifty), their number was not less than two and 

oftener three. 

Compared with V. sttberecta, a form that was united by Whitfield with V. rotun

data, the latter is found to be more oblique, with the anterior end longer and more 

rounded above, the sulcus stronger, more curved, narrower, and without the small 

ridge which il3 included in the sulcus in that species. N or is the anterior boundary 

of the sulcus, especially beneath the muscular scar, so much thickened. There are 

furthermore some differences in the backs of the two species, the hinge line being 

less sunken, the dorsal ridges more obtuse, and the outline, in a side view, straighter 

and even a little concave behind the beaks in some casts of V. suberecta. The hinge 

of the latter is not fully known, but so far as our knowledge goes, it adds another 

difference in the greater obliquity of the cardinal teeth. The survey collection con

tains two examples (Mus. Reg. No. 8321) of an unul3ually convex small variety of this 
species. Four views are given of one of these on plate XXXVIII. 

Formation and locality.-Very common in the" Lower Blue Beds" of the Trenton formation at 
Janesville and Beloit, Wisconsin. A few specimens from the upper part of the limestone at Minneapolis, 
are doubtfully referred here. 

Mus. Reg. Nos. ?5101, 8319, 8321. 
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VANUXEMIA SUBERECTA, n. Sp. 
PLATE XXXVIII. FIGS. 20-22. 

Oypricardites rotundatus (part.) WIIITFIELD, 1874. Rept. Geol. Sur. Wis., vol. iv, p. 208, pI. V. fig. 11. 

Casts of the interior subcircular, strongly convex, suberect, with strong erect and 

scarcely incurved beaks situated nearly one-fourth of the length of the shell behind 

the anterior extremity. Back (without hinge) nearly straight; flattened sulcus wide, 

distinct, yet not deep, vertical, causing a marked compression of the anterior part of 

the umbones; usually includes one or two obscure vertical ridges. Hinge plate 

strong, with several (~3 or 4) strongly oblique cardinal and three posterior lateral 

teeth in each valve. 

There is no doubt in my mind respecting the specific distinctness of this shell 

and the smaller and much more abundant V. rotundata. As I have already pointed 

out the difference, I shall not repeat them, but will refer the reader to the remarks 

on that species. The next species V. media, though very similar in its general expres

sion, is not I believe so closely related. The beaks are smaller and more incurved, 

and there is a decided concavity in the dorsal outline behind the beaks, while the 

anterior margin has a slight backward direction that is not seen in V.suberecta. 

Formation and locality.-Upper Buff limestone of the Trenton formation at Beloit, Wisconsin. 

Mus. Reg. No. 8328. 

V ANUXEMIA MEDIA, n. Sp. 
PLATE XXXVIII. FIGS. 23-26. 

Shell small, strongly convex, rounded, a little the highest posteriorly; anterior 

margin slightly oblique, dorsal outline distinctly concave behind the beaks. U mhones 

of moderate size and prominence, but little compressed, beaks incurved. Hinge plate 

of moderate strength, the details of its structure not well determined. Anterior 

muscular scar rather small, and not so strongly defined as usual for the genus. Pal

lialline indistinct except for a short distance beneath the anterior muscle. 

This species, though smaller, seems to be intermediate in its character between 

V. :::uberecta Ulrich and V. hayiana Safford, sp. It is of more rounded form and has 

larger and more prominent umbones than the latter, while in these same features it 

fails to equal the former. The anterior muscular scar is smaller and unusually 

shallow. Other diff~rences may be noticed but those mentioned will, it is believed, 

suffice for the recognition of the species. 

Formation and locality.-Trenton limestone, Minneapolis and Oannon Falls, Minnesota. 

V ANUXEMIA CRASSA, n. sp. 
PLATE XXXVIII, FIG. 27. 

This species, seems, on the whole, to have been much like V. suberecta, but is 

readily distinguished by the remarkable strength of its hinge and the great internal 
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Oasts of the interior subcircular, strongly convex, suberect, with strong erect and 

scarcely incurved beaks situated nearly one-fourth of the length of the shell behind 

the anterior extremity. Back (without hinge) nearly straight; flattened sulcus wide, 

distinct, yet not deep, vertical, causing a marked compression of the anterior part of 

the umbones; usually includes one or two obscure vertical ridges. Hinge plate 

strong, with several 03 or 4) strongly oblique cardinal and three posterior lateral 

teeth in each valve. 

There is no doubt in my mind respecting the specific distinctness of this shell 

and the smaller and much more abundant V. rotundata. As I have already pointed 

out the difference, I shall not repeat them, but will refer the reader to the remarks 

on that species. The next species V. media, though very similar in its general expres

sion, is not I believe so closely related. The beaks are smaller and more incurved, 

and there is a decided concavity in the dorsal outline behind the beaks, while the 

anterior margin has a slight backward direction that is not seen in V.suberecta. 

Formation and locality.-Upper Buff limestone of the Trenton formation at Beloit, Wisconsin. 

Mus. Reg. No. 8328. 

V ANUXEMIA MEDIA, n. Sp. 
PLATE XXXVIII. FIGS. 23-26. 

Shell small, strongly convex, rounded, a little the highest posteriorly; anterior 

margin slightly oblique, dorsal outline distinctly concave behind the beaks. Umhones 

of moderate size and prominence, but little compressed, beaks incurved. Hinge plate 

of moderate strength, the details of its structure not well determined. Anterior 

muscular scar rather small, and not so strongly defined as usual for the genus. Pal

lialline indistinct except for a short distance beneath the anterior muscle. 

This species, though smaller, seems to be intermediate in its character between 

V. 8uberecta Ulrich and V. hayiana Safford, sp. It is of more rounded form and has 

larger and more prominent umbones than the latter, while in these same features it 

fails to equal the former. The anterior muscular scar is smaller and unusually 

shallow. Other diff!3rences may be noticed but those mentioned will, it is believed, 

suffice for the recognition of the species. 

Formation and locality.-Trenton limestone, Minneapolis and Oannon Falls, Minnesota. 

V ANUXEMIA CRASSA, n. sp. 
PLATE XXXVIII. FIG. 27. 

This species, seems, on the whole, to have been much like V. 8uberecta, but is 

readily distinguished by the remarkable strength of its hinge and the great internal 
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thickening of its shell in the umbonal and anterior parts. The beak is compressed 

in the cast, very prominent and not at all incurved; the anterior muscular scar 

strongly defined, large, of subcircular form with the inner side truncated; the pallial 

line is distinguishable all around and, for some distance beneath the anterior muscle, 

strongly defined by a deep and unusually wide furrow, out of which the anterior 

side of the body of the cast rises very abruptly. Ligamental area high and strongly 

striated longitudinally; cardinal teeth strong, comparatively long and slightly 

curved, three in nnmber; posterior lateral teeth three, strong and a trifle more. 

oblique than the cardinal teeth. Dorsum of cast broad and flat. 

The external characters of the shell are unknown, but as the species doubtless 

belollgs to the most typical section of the genus, they will probably prove much as 

m V. inconstans, V. dixonensis and V. J'otundata. 

Formation and locality.-Middle third of the Trenton shales, St. Paul, Minnesota. 

VANUXEMIA OBTUSIFRONS Ulrich. 

PLATE XXXVIII, FIGS, 15-19. 

Cypricardites obtusifrons ULRICH, March 3, 1892. Nineteenth Ann. Rep., Geol. and Nat. Rist. Sur. 
Minn., p. 233. 

Cypricw'dites vicinus SARDESON, April 9, 1892. Bull. Minn. Acad. Nat. ScL, vol. iii, p. 339. 

Shell rather large, moderately ventricose, very oblique, subovate, much the 

highest and broadly rounded posteriorly, with the beaks subterminal, incurved, not 

very prominent nor large, and the umbones strongly rounded. Anterior end obtuse, 

the upper part forming nearly a right angle with the hinge line, the slightly project

ing junction between the two lines rather sharply rounded; postero-basal half of shell 

broadly semielliptical; dorsal outline very gently concave. Surface markings con~ 

sisting of irregular, fine and coarse, sublamellose lines of growth. 

Casts of the interior with the beaks large, very prominent, compressed and 

strongly incurved at their apices; umbonal ridge and sulcus of moderate definition, 

nearly parallel with the anterior margin. Anterior muscular scar large and strongly 

defined, excavated out of the hinge plate, in the cast having the appearance of a strong 

process projecting from the under side of the base of the beak forward and upward 

to the anterior extremity of the hinge; posterior scar illy defined, large, ovate, situ
ated close to the posterior end of the hinge. Pallial line distinct: 

Hinge with three cardinal and three posterior lateral teeth in each valve both , 
sets strong. The cardinal teeth are situated under the beaks, finely toothed on 

their sides, slightly curved and usually oblique, ranging at an angle of 45° or more 
with the hinge line.* 

*The orh,lnal ~g.ure of the inter,ior of t~is species is faulty In its representation of the cardinal teeth. The type 
specimen has been lllJured at thIs pomt and m such a manner that I quite overlOOked the actual remains of the teeth. 
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thickening of its shell in the umbonal and anterior parts. The beak is compressed 

in the cast, very prominent and not at all incurved; the anterior muscular scar 

strongly defined, large, of subcircular form with the inner side truncated; the pallial 

line is distinguishable all around and, for some distance beneath the anterior muscle, 

strongly defined by a deep and unusually wide furrow, out of which the anterior 

side of the body of the cast rises very abruptly. Ligamental area high and strongly 

striated longitudinally; cardinal teeth strong, comparatively long and slightly 

curved, three in number; posterior lateral teeth three, strong and a trifle more. 

oblique than the cardinal teeth. Dorsum of cast broad and flat. 

The external characters of the shell are unknown, but as the species doubtless 

beloligs to the most typical section of the genus, they will probably prove much as 

In V. inconstans, V. dixonensis and V. J'otundata. 

Formation and locality.-Middle third of the Trenton shales, St. Paul, Minnesota. 

V ANUXEMIA OBTUSIFRONS Ulrich. 

PLATE XXXVIII, FIGS. 15-19. 

Cypricardites obtusifrons ULmeR, March 3,1892. Nineteenth Ann. Rep., Geol. and Nat. Rist. Sur. 
Minn., p. 233. 

Cypricw'dites vicinus SARDESON, April 9, 1892. Bull. Minn. Acad. Nat. ScL, vol. iii, p. 339. 

Shell rather large, moderately ventricose, very oblique, subovate, much the 

highest and broadly rounded posteriorly, with the beaks subterminal, incurved, not 

very prominent nor large, and the umbones strongly rounded. Anterior end obtuse, 

the upper part forming nearly a right angle with the hinge line, the slightly project

ing junction between the two lines rather sharply rounded; postero-basal half of shell 

broadly semielliptical; dorsal outline very gently concave. Surface markings con~ 

sisting of irregular, fine and coarse, sublamellose lines of growth. 

Casts of the interior with the beaks large, very prominent, compressed and 

strongly incurved at their apices; umbonal ridge and sulcus of moderate definition, 

nearly parallel with the anterior margin. Anterior muscular scar large and strongly 

defined, excavated out of the hinge plate, in the cast having the appearance of a strong 

process projecting from the under side of the base of the beak forward and upward 

to the anterior extremity of the hinge; posterior scar illy defined, large, ovate, situ

ated close to the posterior end of the hinge. Pallial line distinct: 

Hinge with three cardinal and three posterior lateral teeth in each valve both , 
sets strong. The cardinal teeth are situated under the beaks, finely toothed on 

their sides, slightly curved and usually oblique, ranging at an angle of 45° or more 
with the hinge line.* 

• The orie;inal ~g."re of the inte~ior of t~is species is faulty in its representation of the cardinal teeth. The type 
specimen has been InJured at this pomt and m such a manner that I quite overlooked the actual remains of the teeth. 
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, The species may be compared with V. inconstans Billings, V. niota Hall, sp., V. 

hayniana Safford, sp., V. sardeson and V. umbonata. N one of these forms, however, 

seem to me sufficiently similar to render the separation of the present species 

troublesome. 

Formation and locality.-Blue limestone of the 'l'renton at Minneapolis, Minnesota. 

Mus. Reg .• No. 5524. 

V ANUXEMIA SARDESONI Ulrich. 

PLATE XXXVII. FIGS. 17-19, and PLATE XXXVIII. FIG. 45. 

Cypricardites sardesoni, ULRICH, 1892. Nineteenth Ann. Rep. Geal. and Nat. Rist. Sur. Minn., p. 231. 

Shell a little above the medium size, known only from casts of the interior, and 

the impression of the hinge and free margins on the limestone matrix. The outline 

was subrhomboidal, with the cardinal and anterior margins nearly straight, and the 

two lines forming an angle of about 62°; anterior extremity subacuate or sharply 

rounded, hinge line equaling nearly three-fourths of the entire length, postero-ventral 

margin broadly rounded, almost semicircular; above this the posterior outline is some

what straightened and slopes forward rapidly, meeting with the cardinal line to form 

an angle of about 135 0
; the immediate junction however is not perceptibly angular. 

In the casts the beaks project strongly, are nearly terminal, pointed, slightly 

incurved, greatly compressed, and somewhat twisted. A strong sulcus extends from 

the beaks to the postero-basal part of the casts; this sulcus occupies the larger part 

of the anterior slope, and from its inner side the umbonal ridge, constituting the 

highest portion of the surface, rises abruptly. For the reasons mentioned the 

anterior slope appears flattened and iu part concave, while the posterior is almost 

uniformly convex to the margin. Cardinal slope abrupt, especially near the hinge. 

Gutta-percha impressions bring out the internal characters in a very satisfactory 

manner. They show a wide and faintly striated ligamental area, two lateral and 

two cardinal teeth, both pairs large and distinctly crenulated on the sides. The 

cardinal pair are considerably curved and the lower one forms the upper boundary 

of the very sharply impressed anterior muscular scar. On the whole the hinge 

impresses one as being unusually strong. The posterior muscular scar is large, 

ovate, slightly prolonged below and but faintly impressed. 

Comparing casts with the associated V. obtns(frons, which is nearer than any 

other now known, the present species differs in its greater obliquity, narrower 

anterior end, much stronger umbonal sulcus, broader and Letter defined ligamental 

area, and stronger as well as more coarsely crenulated hinge teeth. 

Formation and locality.-Blue limestone of the Trenton at Minneapolis, Minnesota. 

Mus. Reg. No. 8335. 
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LAMELLIBRANOHIAT A. 555 

, The species may be compared with V. inconstans Billings, V. niota Hall, sp., V. 

hayniana Safford, sp., V. sardeson and V. umbonata. None of these forms, however, 

seem to me sufficiently similar to render the separation of the present species 

troublesome. 

Formation and locality.-Blue limestone of the 'En'nton at Minneapolis, Minnesota. 

Mus. Reg .• No. 5524. 

V ANUXEMIA SARDESONI Ulrich. 

PLATE XXXVII, FIGS. 17-1D, o,nd PLATE XXXVIII, FIG. 45. 

Cypricardites sardesoni, ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 231. 

Shell a little above the medium size, known only from casts of the interior, and 

the impression of the hinge and free margins on the limestone matrix. The outline 

was subrhomboidal, with the cardinal and anterior margins nearly straight, and the 

two lines forming an angle of about 62°; anterior extremity subacuate or sharply 

rounded, hinge line equaling nearly three-fourths of the entire length, postero-ventral 

margin broadly rounded, almost semicircular; above this the posterior outline is some

what straightened and slopes forward rapidly, meeting with the cardinal line to form 

an angle of about 135 0
; the immediate junction however is not perceptibly angular. 

In the casts the beaks project strongly, are nearly terminal, pointed, slightly 

incurved, greatly compressed, and somewhat twisted. A strong sulcus extends from 

the beaks to the postero-basal part of the casts; this sulcus occupies the larger part 

of the anterior slope, and from its inner side the umbonal ridge, constituting the 

highest portion of the surface, rises abruptly. For the reasons mentioned the 

anterior slope appears flattened and iu part concave, while the posterior is almost 

uniformly convex to the margin. Cardinal slope abrupt, especially near the hinge. 

Gutta-percha impressions bring out the internal characters in a very satisfactory 

manner. They show a wide and faintly striated ligamental area, two lateral and 

two cardinal teeth, both pairs large and distinctly crenulated on the sides. The 

cardinal pair are considerably curved and the lower one forms the upper boundary 

of the very sharply impressed anterior muscular scar. On the whole the hinge 

impresses one as being unusually strong. The posterior muscular scar is large, 

ovate, slightly prolonged below and but faintly impressed. 

Comparing casts with the associated V. obtus~frons, which is nearer than any 

other now known, the present species differs in its greater obliquity, narrower 

anterior end, much stronger umbonal sulcus, broader and Letter defined ligamental 

area, and stronger as well as more coarsely crenulated hinge teeth. 

Formation and locality.-Blue limestone of the Trenton at Minneapolis, Minnesota. 

Mus. Reg. No. 8335. 
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V ANUXEMIA UMBONATA, n. sp. 

PLATE XXXVIII, FIGS. 28-31. 

Shell of medium size, tumid in the rostral and central parts, the hight about 

one-seventh greater than the length; obliquely subovate, hinge line rather short, the 

anterior extremity subangular and projecting a short distance beyon.d the beaks. 

Anterior margin gently convex, vertical, rounding neatly into the semicircular base; 

posterior margin broadly convex, the junction with the hinge line obtusely angular. 

Umbones evenly tumid, very prominent, the beaks curving forward and down to the 

hinge. Cardinal slope, concave; postero-eardinal portion of shell eompressed. Sur

face not well preserved in any of the specimens seen, apparently marked with rather 

strong and somewhat irregular eoneentric lines of growth. Shell substanee compara

tively thin, so that the internal rostral and anterior thickening produces but a very 

obscure sulcus on internal casts. Anterior muscular scar sharply defied, reniform, 

of good size; posterior scar not observed; pallial line distinct in the anterior and 

basal parts. Hinge plate rather strong, with a narrow ligamental area posterior to' 

the beaks; cardinal teeth long, nearly horizontal though distinctly curved, two in the 

right valve; posterior lateral teeth four in the right valve, slender, oblique. 

This species is doubtless closely allied to V. obtusifrons but may be di8tinguished 

at once by its thinner shell, the greater projeetlon of the anterior extremity of the 

hinge, and the greater length and more nearly horizontal arrangement of the cardi

nal teeth. Of the latter also there are only two instead of three, and they are not 

crenulated as in the species. The posterior teeth again are more slender. V. hayniana 

Safford, sp., is shorter and has a longer hinge line. One of the specimens is imper

fect, so that it resembles Cyrtodonta cingulata, a rare species, occurring in the same 

beds, and having similar surface markings. However, a comparison of external 

characters alone reveals sufficient difference to render confusion between them highly 

improbable, espeeially when the possibility of such an occurrence is borne in mind. 

The hinge line of the Cyrtodonta, namely, is longer, the shell is more erect, the ante

rior end much longer, and the umbones, though more strongly convex, are on the 
whole much less tumid. 

Formation and locality.-Upper part of the mddle third of the Trenton shales, Minneapolis and.St. 
Paul, Minnesota. Also in the Black River horizon of the Trenton formation in Mercer county, Kentucky. 

VANUXEMIA TERMINALIS Ulrich. 

PLATE XXXVIII. FIGS. 33 and 34. 

Cypricardites terminalis ULRICH, 1892. American Geologist, vol. x, p. 98. 

Shell of medium size, moderately ventricose, extremely oblique, with the beaks 

terminal, rather small, strongly incurved and projecting but little above the hinge 
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V ANUXEMIA UMBONATA, n. sp. 

PLATE XXXVIII, FIGS. 28-31. 

Shell of medium size, tumid in the rostral and central parts, the hight about 

one-seventh greater than the length; obliquely sub ovate, hinge line rather short, the 

anterior extremity subangular and projecting a short distance beyon.d the beaks. 

Anterior margin gently convex, vertical, rounding neatly into the semicircular base; 

posterior margin broadly convex, the junction with the hinge line obtusely angular. 

Umbones evenly tumid, very prominent, the beaks curving forward and down to the 

hinge. Cardinal slope, concave; postero-cardinal portion of shell compressed. Sur

face not well preserved in any of the specimens seen, apparently marked with rather 

strong and somewhat irregular concentric lines of growth. Shell substance compara

tively thin, so that the internal rostral and anterior thickening produces but a very 

obscure sulcus on internal casts. Anterior muscular scar sharply defied, reniform, 

of good size; posterior scar not observed; pallial line distinct in the anterior and 

basal parts. Hinge plate rather strong, with a narrow ligamental area posterior to' 

the beaks; cardinal teeth long, nearly horizontal though distinctly curved, two in the 

right valve; posterior lateral teeth four in the right valve, slender, oblique. 

This species is doubtless closely allied to V. obtusifrons but may be di8tinguished 

at once by its thinner shell, the greater projectIOn of the anterior extremity of the 

hinge, and the greater length and more nearly horizontal arrangement of the cardi

nal teeth. Of the latter also there are only two instead of three, and they are not 

crenulated as in the species. The posterior teeth again are more slender. V. hayniana 

Safford, sp., is shorter and has a longer hinge line. One of the specimens is imper

fect, so that it resembles Cyrtodonta cingulata, a rare species, occurring in the same 

beds, and having similar surface markings. However, a comparison of external 

characters alone reveals sufficient difference to render confusion between them highly 

improbable, especially when the possibility of such an occurrence is borne in mind. 

The hinge line of the Cyrtodonta, namely, is longer, the shell is more erect, the ante

rior end much longer, and the umbones, though more strongly convex, are on the 
whole much less tumid. 

Formation and locality.-Upper part of the mcldle third of the Trenton shales, Minneapolis and St. 
Paul, Minnesota. Also in the Black River horizon of the Trenton formation in Mercer county, Kentucky. 

VANUXEMIA TERMINALIS Ulrich. 

PLATJ~ XXXVIII. FIGS. 33 and 34. 

Cypricardites terminalis ULRICH, 1892. American Geologist, vol. x, p. 98. 

Shell of medium size, moderately ventricose, extremely oblique, with the beaks 

terminal, rather small, strongly incurved and projecting but little above the hinge 
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line. Umbo full, and the whole surface neatly rounded. Outline obliquely acuminate

ovoid with the anterior end narrowly rounded and projecting scarcely, if itt all, 

beyond the beaks, from which the margin slopes backward with a gentle curve into 

the base; posterior end broad, uniformly rounded; cardinal margin straight, about 

three-fifths as long as the diagonal length of the shell, rounding into the posterior 

margin. Surface with faint wrinkles of growth and probably with finer concentric 

lines. Shell substance thin. Hinge plate rather narrow, with two long posterior 

and two or three short cardinal teeth in each valve. The latter are difficult to see 

because of the closely incurved beaks. Anterior muscular impression, as seen in 

casts of the interior, scarcely visible in a side view, being overhung by the side of 

the Umbo. In an end view they appear like two narrow vertical lobes tapering 

upward and placed just beneath the free portion of the beaks. Po~terior scar very 

faint, large, ovate, situated a short distance beneath the extremity of the hinge. 

Pallial line distinct considering the thinness of the shelL 

In the thin shell, its general form, and particularly in the character of the 

anterior muscular impressions, V. terminalis reminds strongly of Ambonychia. It is 

possible that this resemblance is merely coincidental, but I must say that I do not 

believe it, even if I can not now present plausible arguments to show that it 

expresses natural relationship. As a rule, it is not good policy to speculate in 

paleontological questions, but in the present instance I may be pardoned when I 

state my conviction that the Ambonychiidce are an off-shoot from the same line of 

development that produced Vanuxemia and the rest of the Cyrtodontidce. 

Seven of the species of Vanuxemia described in this report are found at Minne

apolis in the same beds that have furnished V. terminalis. All of them occur as 

casts of the interior, yet not one of the others is at all likely to be confounded with 

the present species. The principal peculiarities of the latter are the terminal beaks, 

almost hidden a,nterior muscle scars, the thin shell and the absence of the internal 

ridge-like thickening which in nearly all species of the genus produces a more or less 

well marked sulcus across the umbonal and anterior parts of casts. 

Formation and locality.-Trenton limestone, Minneapolis and Cannon Falls, Minnesota. Also in 
the" Lower Blue beds" of the Trenton near Beloit, Wisconsin. 

Mus. Reg. Nos. 5100, 8320. 

VANUXEMIA HAYNIANA Safford. 

PLATE XXXVIIJ. FIG. 32. ALSO FIG. 36-vI, P. 479. 

Oyrtodonta hayniana SAFFORD, 1869. Geol. Tenn., pI. F., fig. l. 
Oypricardites haynianus ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 240. 
Oypricardites triangularis SARDESON, 1892. Bull. Minn. Acad. Nat. ScL, vol. iii, p. 338. 

Shell of medium size, moderately convex, oblique, broadly subovate or obscurely 

quadrate, narrowing anteriorly, the hight and length respectively as nine is to ten; 
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line. Umbo full, and the whole surface neatly rounded. Outline obliquely acuminate

ovoid with the anterior end narrowly rounded and projecting scarcely, if at all, 

beyond the beaks, from which the margin slopes backward with a gentle curve into 

the base; posterior end broad, uniformly rounded; cardinal margin straight, about 

three-fifths as long as the diagonal length of the shell, rounding into the posterior 

margin. Surface with faint wrinkles of growth and probably with finer concentric 

lines. Shell substance thin. Hinge plate rather narrow, with two long posterior 

and two or three short cardinal teeth in each valve. The latter are difficult to see 

because of the closely incurved beaks. Anterior muscular impression, as seen in 

casts of the interior, scarcely visible in a side view, being overhung by the side of 

the Umbo. In an end view they appear like two narrow vertical lobes tapering 

upward and placed just beneath the free portion of the beaks. Posterior scar very 

faint, large, ova,te, situated a short distance beneath the extremity of the hinge. 

Pallial line distinct considering the thinness of the shell. 

In the thin shell, its general form, and particularly in the character of the 

anterior muscular impressions, V. terminalis reminds strongly of Ambonychia. It is 

possible that this resemblance is merely coincidental, but I must say that I do not 

believe it, even if I can not now present plausible arguments to show that it 

expresses natural relationship. As a rule, it is not good policy to speculate in 

paleontological questions, but in the present instance I may be pardoned when I 

state my conviction that the Ambonychiidce are an off-shoot from the same line of 

development that produced Vanuxemia and the rest of the Cyrtodontidce. 

Seven of the species of Vanuxemia described in this report are found at Minne

apolis in the same beds that have furnished V. terminalis. All of them occur as 

casts of the interior, yet not one of the others is at all likely to be confounded with 

the present species. The principal peculiarities of the latter are the terminal beaks, 

almost hidden anterior muscle scars, the thin shell and the absence of the internal 

ridge-like thickening which in nearly all species of the genus produces a more or less 

well marked sulcus across the umbonal and anterior parts of casts. 

Formation and locality.-Trenton limestone, Minneapolis and Oannon Falls, Minnesota. Also in 
the" Lower Blue beds" of the Trenton near Beloit, Wisconsin. 

MUll. Reg. Nos. 5100, 8320. 

V ANUXEMIA HAYNIANA Saflord. 

PLATE XXXVII)' FIG. 32. ALSO FIG. 36-vI, P. 479. 

Cyrtodonta hayniana SAFFORD, 1869. Geo1. Tenn., pI. F., fig. 1. 
Cypricardites haynianus ULRICH, 1892. Nineteenth Ann. Rep. Geo!. and Nat. Rist. Sur. Minn., p. 240. 
Cypricardites triangularis SARDESON, 1892. Bul!. Minn. Acad. Nat. ScL, vol. iii, p. 338. 

Shell of medium size, moderately convex, oblique, broadly subovate or obscurely 

quadrate, narrowing anteriorly, the hight and length respectively as nine is to ten; 
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hinge line nearly straight, rather long, terminating subangularly behind; posterior 

margin broadly rounded, slightly oblique, generally forming, with the basal margin 

a semicircle drawn to a diameter but little shorter than the length of the shell, and 

equalling the greatest hight; anterior end projecting very little beyond the beaks, 

nicely rounded from the end of the hinge, sloping backward in the lower half and 

passing very gradually into the basal line. Bealis only moderately prominent, 

strongly incurved, approximate; umbones fnll, uniformly convex to the beginning 

of the faintly concave dorsal and posterior slopes. Surface marked with more or 

less obscure and uneqnal concentric lines, some of them often, especially near the 

margin of old shells, being of a strongly lamellose character. 

Hinge of moderate strength, the plate varying between 2 and 3 mm. in width at 

the middle in adult specimens; about half of the width taken up by a long and very 

finely lined ligamental area. Posterior lateral teeth constantly three in each valve, 

nearly straight, ranging at an angle of about 40° with the hinge line. Cardinal teeth 

varying in number and size. As a rule they are at least 10° more oblique than the 

posterior ones and normally of nearly equal size, finely toothed or striated and three 

in each valve. The variations are evidently due to irregularity of development, 

Rarely there are two large ones with a small one on each side; more commonly one. 

two, or even all three will be divided, so that the total number may reach six. 

Anterior muscular scar sharply defined, semicircular; posterior scar ovate, as usual 

very faintly impressed; pallial line quite distinct, except in the posterior part. 

Umbonal cavity small, compressed; anterior internal thickening of the valves gen

erally rather sharply defined on the inner side. 

Casts of the interior, the only condition in which the species has been found in 

Minnesota, have small compressed pointed and scarcely incurved beaks, projecting 

slightly beyond the hinge line and situated farther behind the anterior extremity of 

the shell than is the case on the exterior. The ridge immediately behind the 

anterior flattening or sulcus is well marked, as is also the pallial line and the ante

rior muscular scar. Indeed the natural casts correspond exactly with artificial ones 

prepared from typical Tennessee and Kentucky specimens of the species. 

This is a widely distributed and wen marked form, about which a number of 

closely related species or varieties are grouped. One of these, V. subrotunda, occurs 

in Minnesota, but in lower beds than the typical form. It is distinguished by its 

more circular outline. Another, V. abntpta, from the Galena of Fillmore county, is 

more easily separated by its more nearly terminal beaks, very obtuse anterior side, 

thinner shell, and in wanting the ridge which marks the casts of V. hayniana. A 
third form is found in the upper Trenton of Kentucky. Being a smaller shell I 

called it nana (Cypricardites nanus Ulrich, 1892. Nineteenth Ann. Rep. Geo1. and Nat. 
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hinge line nearly straight, rather long, terminating subangularly behind; posterior 

margin broadly rounded, slightly oblique, generally forming, with the basal margin 

a semicircle drawn to a diameter but little shorter than the length of the shell, and 

equalling the greatest hight; anterior end projecting very little beyond the beaks, 

nicely rounded from the end of the hinge, sloping backward in the lower half and 

passing very gradually into the basal line. Bealis only moderately prominent, 

strongly incurved, approximate; umbones full, uniformly convex to the beginning 

of the faintly concave dorsal and posterior slopes. Surface marked with more or 

less obscure and unequal concentric lines, some of them often, especially near the 

margin of old shells, being of a strongly lamellose character. 

Hinge of moderate strength, the plate varying between 2 and 3 mm. in width at 

the middle in adult specimens; about half of the width taken up by a long and very 

finely lined ligamental area. Posterior lateral teeth constantly three in each valve, 

nearly straight, ranging at an angle of about 40° with the hinge line. Cardinal teeth 

varying in number and size. As a rule they are at least 10° more oblique than the 

posterior ones and normally of nearly equal size, finely toothed or striated and three 

in each valve. The variations are evidently due to irregularity of development, 

Rarely there are two large ones with a small one on each side; more commonly one. 

two, or even all three will be divided, so that the total number may reach six. 

Anterior muscular scar sharply defined, semicircular; posterior scar ovate, as usual 

very faintly impressed; pallial line quite distinct, except in the posterior part. 

U mbonal cavity small, compressed; anterior internal thickening of the valves gen

erally rather sharply defined on the inner side. 

Casts of the interior, the only condition in which the species has been found in 

Minnesota, have small compressed pointed and scarcely incurved beaks, projecting 

slightly beyond the hinge line and situated farther behind the anterior extremity of 

the shell than is the case on the exterior. The ridge immediately behind the 

anterior flattening or sulcus is well marked, as is also the pallial line and the ante

rior muscular scar. Indeed the natural casts correspond exactly with artificial ones 

prepared from typical Tennessee and Kentucky specimens of the species. 

This is a widely distributed and well marked form, about which a number of 

closely related species or varieties are grouped. One of these, V. subrotunda, occurs 

in Minnesota, but in lower beds than the typical form. It is distinguished by its 

more circular outline. Another, V. abrttpta, from the Galena of Fillmore county, is 

more easily separated by its more nearly terminal beaks, very obtuse anterior side, 

thinner shell, and in wanting the ridge which marks the casts of V. hayniana. A 

third form is found in the upper Trenton of Kentucky. Being a smaller shell I 

called it nana (Cypricardites nanus Ulrich, 1892. Nineteenth Ann. Rep. Geo1. and Nat. 
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Hist. Sur. Minn., p. 239.) On comparison it proved to have a thinner shell, to be more 

erect and more rounded in outline, also more ventricose and with a stronger umbonal 

ridge, while there are only two cardinal teeth instead of three or more. A fourth 

form I propose soon to describe, in one of the periodicals, under the name of 

V. gibbosa. It is from the lower Trenton of central Kentucky, and differs from 

the present species in being more gibbous, in having larger umbones, almost 

terminal beaks and more obtuse anterior side. A fifth is associated with the 

preceding in Kentucky, and also occurs in Tennessee. It is a very thick shell and 

attains to larger size than V. hayniana, from which it differs further in its form 

which is higher and straighter and more obtuse in front. But the principal differ

en~e lies in the ligamental area which is at least twice as high as in adult examples 

of Safford's species. The area is shown in four specimens and in all of them its hight 

is 4 mm. or more at the middle and in one it is quite 5 mm. For this form I propose 

the name Vanuxemia cardinata. Finally a sixth form of this type is known to me 

from about twenty very perfect specimeni:'! that lowe to the liberality of Prof. J. M. 

Safford. He collected them at "Haynies," the locality in Smith county, Tennessee 

from which he obtained also the types of his "Cyrtodonta hayniana." For the present 

I shall arrange these specimens as a small variety of V. gibbosa, since they agree 

much better with that species than with true V. hayniana. 

Formation and locality.-The types of this species are from the Trenton limestone (middle Nashville 
beds of Safford) in Smith county, Tennessee. In Kentucky the species occupies two narrow horizons 
separated by more than 100 feet of strata. The first is at the base of the Trenton limestone in Mercer 
county at a point about three miles south of High Bridge, where the decomposed limestone has left 
numerous silicified shell" and cystidrans. The second horizon, which is near the top of the Trenton, 
is exposed at several pOints along the Oincinnati Southern railroad between Burgin and Danville. In 
Minnesota the species seems to be restricted to the Galena shales, in which it occurs as casts of the 
interior at several localities in Goodhue county and at St. Paul. Good specimens are rare. 

VANUXEMIA SUBROTUNDA n. sp. 

PLATE XXXVIlI, FIGS. 36-38. 

This species differ from V. hayniana Safford sp., to which it is doubtless very 

closely allied, in its more uniformly rounded outline, broader anterior end and 

shorter hinge line, and in having the beaks smaller and situated farther behind the 

anterior extremity. The convexity of the valves also is less, and the shell is thin

ner, particularly in the umbonal and anterior parts where the internal thickening 

is so little that no perceptible sulcus nor ridge is left in casts of the interior. For 

the same reason the beaks on casts must be more rounded and larger, so that how

ever much the exterior of the two shells may resemble each other, casts of the 

interior would be distinguished very readily. V. nana Ulrich, from the upper Trenton 

in Kentucky, is a smaller shell; with more ventricose valves, better defined umbonal 

• 
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Hist. Sur. Minn., p. 239.) On comparison it proved to have a thinner shell, to be more 

erect and more rounded in outline, also more ventricose and with a stronger umbonal 

ridge, while there are only two cardinal teeth instead of three or more. A fourth 

form I propose soon to describe, in one of the periodicals, under the llame of 

V. gibbosa. It is from the lower Trenton of central Kentucky, and differs from 

the present species in being more gibbous, in having larger umbones, almost 

terminal beaks and more obtuse anterior side. A fifth is associated with the 

preceding in Kentucky, and also occurs in Tennessee. It is a very thick shell and 

attains to larger size than V. hayniana, from which it differs further in its form 

which is higher and straighter and more obtuse in front. But the principal differ

en~e lies in the ligamental area which is at least twice as high as in adult examples 

of Safford's species. The area is shown in four specimens and in all of them its hight 

is 4 mm. or more at the middle and in one it is quite 5 mm. For this form I propose 

the name Vanuxemia cardinata. Finally a sixth form of this type is known to me 

from about twenty very perfect specimenl:l that lowe to the liberality of Prof. J. M. 

Safford. He collected them at "Haynies," the locality in Smith county, Tennessee 

from which he obtained also the types of his "Cyrtodonta hayniana." For the present 

I shall arrange these specimens as a small variety of V. gibbosa, since they agree 

much better with that species than with true V. hayniana. 

Formation and locality.-The types of this species are from the Trenton limestone (middle Nashville 
beds of Safford) in Smith county, Tennessee. In Kentucky the species occupies two narrow horizons 
separated by more than 100 feet of strata. The first is at the base of the Trenton limestone in Mercer 
count,y at a point about three miles south of High Bridge, where the decomposed limestone has left 
numerous silicified shelL, and cystidrans. The second horizon, which is near the top of the Trenton, 
is exposed at several points along the Cincinnati Southern railroad between Burgin and Danville. In 
Minnesota the species seems to be restricted to the Galena shales, in which it occurs as casts of the 
interior at several localities in Goodhue county and at 1St. Paul. Good specimens are rare. 

VANUXEMIA SUBROTUNDA n. sp. 

PLATE XXXVIlI, FIGS. 36-38. 

This species differ from V. hayniana Safford sp., to which it is doubtless very 

closely allied, in its more uniformly rounded outline, broader anterior end and 

shorter hinge line, and in having the beaks smaller and situated farther behind the 

anterior extremity. The convexity of the valves all:lo is less, and the shell is thin

ner, particularly in the umbonal and anterior parts where the internal thickening 

is so little that no perceptible sulcus nor ridge is left in casts of the interior. For 

the same reason the beaks on casts must be more rounded and larger, so that how

ever much the exterior of the two shells may resemble each other, casts of the 

interior would be distinguished very readily. V. nana Ulrich, from the upper Trenton 

in Kentucky, is a smaller shell; with more ventricose valves, better defined umbonal 

• 
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ridge, and longer hinge line. Of associated species, Crytodonta glabella Ulrich, has a 

similar outline, but there is no relationship between them since that species is as 

true a Crytodonta as this is a Vanuxemia. 

Formation and Locality.-In the upper part of the middle third of the Trenton shales, Goodhue 
county and Chatfield, Minnesota. 

VANUXEMIA ABRUPTA n. Sp. 

PLATE XXXVIII. FIG. 39-44. 

Shell a little beneath the medium size for the genus averaging 20 mm. high and 

24 mm.long; rounded or sub quadrate in outline, with subterminal beaks, tumid in the 

umbonal region and in front of the center, the anterior end very obtuse, the surface 

in the upper part rounding abruptly inward to the edges of the valves so that in a 

side view of casts of the interior the sharply defined anterior muscular scar is quite 

hidden beneath the filling of the umbones. Hinge line straight, long, terminating 

more or less abruptly posteriorly; posterior margin broadly rounded, occasionally 

nearly erect, usually a little oblique; anterior side truncated above, rounding below; 

base rounded. Casts have full and rounded and wen incurved beaks, and the con

vexity of the surface continues without a sign of the sulcus and ridge exhibited by 

the casts of so many species of this genus. As near as can be determined from the 

impressions, the hinge plate was narrow and bore two, in one case apparently three 

slender posterior lateral teeth and two cardinal teeth in ~ach valve. Pallial line and 

posterior muscular impression very obscure. Surface almost smooth, the best 

specimens only showing rema,ins of fine concentric lines. 

This well marked species is believed to be related to V. nana and V. hayniana, 

but the subterminal beaks and obtuse anterior end will distinguish it at once. From 

V. terminalis of the lower Trenton, which certainly is also very much like it and 

perhaps a more natural ally, it is separated by the more erect form. 
Formation and locality.-Middle Galena, Fillmore and Goodhue counties, Minnesota. 

V ANUXEMIA NIOTA Whitfield (? Hall). 

PLATE XXXVIII, FIG. 35. 
. 

?Cypricardites niota HALL, 1861, Rep. Supt,. Geol. Sur., WiS., p. 20; also 1862, Geol. Rep., Wis., vol. i, 
p. 38, Fig. 8, p. 438. 

Cypricardites niota WHITFIELD, 1882, Geol. Rep., Wis., vol. iv, p. 208. 

I am very much inclined to doubt that this species, a specimen of which was 

submitted to Prof. Whitfield, is the same as the one described by Prof. Hall. If it is, 
then the original description is anything but accurate.* 

* Hall's original description of Crypricarat~ niota reads as follows: "Shell broadly subovate, broadest at the posterior 
end; umbones very gobbous, beaks Incurved, httle elevated. situated about one-fourth of the lenO'th f th h 11 f 
the anterior end. Oardinalline straight or little curved; anterior, posterior and basal marO'lns round "1 AO t Ie s e rolm 

• . • • 0 e". n er or museu ar 
impr~SSl?n sltuated near th.e cardmal hne, well defined; pos~erior. Imprint obscure. Surface of the shell marked by con 
centnc hnes of growth .. ThIS species differs from C. rotunaata III bemg more oblique, in the straighter cardinal line, and less 
ventricose form. It Is lUtermedlat~,b~~ween that sp.ecles and C. ventrecosa, from which it difiers in less obliquity and the 
greater length from beak to base. Length, one lOcb and a quarter; hight, one inch," 

560 THE PALEONTOLOGY OF MINNESOTA. 
[Vanuxemla abrupta. 

ridge, and longer hinge line. Of associated species, Crytodonta glabella Ulrich, has a 

similar outline, but there is no relationship between them since that species is as 

true a Crytoclonta as this is a Vanuxemia. 

Formation and Locality.-In the upper part of the middle third of the Trenton shales, Goodhue 
county and Chat1l.eld, Minnesota. 

VANUXEMIA ABRUPTA n. sp. 

PLaTE XXXVIII, FIG. 39-44. 

Shell a little beneath the medium size for the genus averaging 20 mm. high and 

24 mm.long; rounded or subquadrate in outline, with subterminal beaks, tumid in the 

umbonal region and in front of the center, the anterior end very obtuse, the surface 

in the upper part rounding abruptly inward to the edges of the valves so that in a 

side view of casts of the interior the sharply defined anterior muscular scar is quite 

hidden beneath the filling of the umbones. Hinge line straight, long, terminating 

more or less abruptly posteriorly; posterior margin broadly rounded, occasionally 

nearly erect, usually a little oblique; anterior side truncated above, rounding below; 

base rounded. Casts have full and rounded and wen in curved beaks, and the con

vexity of the surface continues without a sign of the sulcus and ridge exhibited by 

the casts of so many species of this genus. As near as can be determined from the 

impressions, the hinge pIette was narrow and bore two, in one case apparently three 

slender posterior lateral teeth and two cardinal teeth in ~ach val ve. Pallial line and 

posterior muscular impression very obscure. Surface almost smooth, the best 

specimens only showing rema,ins of fine concentric lines. 

This well marked species is believed to be related to V. nana and V. hayniana, 

but the subterminal beaks and obtuse anterior end will distinguish it at once. From 

V. terminal1's of the lower Trenton, which certainly is etlso very much like it and 

perhaps a more natural ally, it is separated by the more erect form. 
Formation and locality.-Middle Galena, Fillmore and Goodhue counties, Minnesota. 

VANUXEMIA NIOTA Whitfield (?Hall). 

PLATE XXXVIII, FIG. 35. 

?Cypricardites niota HALL, 1861, Rep. Supt,. Gear. Sur., Wis., p. 20; also 1862, Gear. Rep., Wis., vol. i, 
p. 38, Fig. 8, p. 438. 

Cypricardites niota WHITFIELD, 1882, Geol. Rep., Wis., vol. iv, p. 208. 

I am very much inclined to dOllbt that this species, a specimen of which was 

Sllbmitted to Prof. Whitfield, is the same as the one described by Prof. Hall. If it is, 

then the original description is anything but accurate.* 
• Hall's original description of Orypricardites. niota reads as follows: "Shell broadly subovate, br(oadest at the posterior 

end; umbones very go~bous, beaks.lncurved, little elevated . .sltuated about one-fourth of the length of the shell from 
the aD.t~rlOr .end. Oardmalline str.alght.or little curved; anterlO~, posterior and basal margins rounded. An terlor muscular 
ImpreSSIOn sItuated near the cardmal lme, well defined; pos~erlOr Imprint obscure. Surface ot the shell marked by con 
centric lines of growth .. ThIS species differs from O. rotundata In being more oblique, in the straighter cardinal line, and less 
ventricose form. It is mtermedlat~,b~~ween that sp.ecles and O. ventrecosa, from which it difiers in less obliquity and the 
greater length from beak tv base. Length, one lllcll and a quarter; hight, one inch." 
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As it reads I should say that he refers to a species of Cyrtodonta like C. glabella or 

C. persimilis and not to a Vanuxemia which the shell here under consideration 

undoubtedly is. The latter differs in at least two important respects from the 

characters brought out in Hall's description, and either one would in my opinion, be 

sufficient to defeat specific identity. Thus, he says the beaks are "situated about 

one-fourth the length of the shell from the anterior end," whereas in Whitfield's 

niota they are much nearer the anterior extremity; then he gives the impression 

that the anterior, posterior and basal margins are almost uniformly rounded, while 

in the present species, the outline is always more or less quadrangular. Under the 

circumstances I might have been justified in proposing a new name, but as the 

questions involved would still be open (a study of the original of Hall's description 

alone can an8wer them), it seemed best to refer to the 8pecies provisionally as 
above. 

Vanuxemia niota Whitfield (~Hall) sp., is closely related to V. hayniana Safford 

sp., and V. gibbosa Ulrich. From the first it is distinguished by its greater convexity 

and length, more anterior and larger beaks, and almost rectangular instead of 

rounded anterior side. The cast figured on plate XXXVIII preserves the impressions 

of the hinge teeth. The cardinal teeth were rather small, oblique, and numbered 

four in each valve. The posterior teeth were slender, nearly horizontal, and three 

in number. In V. gibbosa the anterior margin forms a wider angle with the hinge 

line, the shell was a little thicker, the hinge stronger, and the cardinal teeth larger, 

not exceeding three in number and less oblique. In artificial casts of that species 

the anterior muscular scar proved to be comparatively larger, and t,o project farther 

anterior to the filling of the beaks, which again are of larger size than in niota. V. 

wortheni of the Galena belongs to the same group of species but is a much larger 

and rounder shell, and in casts has more compressed and less incurved beaks. 

Formation and locality.-Top of the" Lower Blue Beds," and base of the" Upper Buff Beds" of the 
Trenton form~tion at Beloit and Mineral Point, Wisconsin, and Rockton, Illinois. 

Mus. Reg. No. 8321, 8325. 

V ANUXEMIA WORTHENI Ulrich. 

PLATE XXXIX. FIGS. 6 and 7. 

Cypricardites, sp., undet., MEEK and WORTHEN, 1868. Ill. Geo1. Sur., 1'01. iii, p. ;Ul. 

Oypricardites wortheni ULRICH, 1888. Amer. Geol., vol. I, p. 180. 

Shell large, moderately ventricose, suberect, subcircular, the length a little 

greater than the hight, the beaks nearly terminal, the dorsal margin almost straight, 

rather long and with the extremities rounding abruptly, the anterior one scarcely 

projecting beyond the point of the beaks; the rest of the outline rounded with the 
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As it reads I should say that he refers to a species of Cyrtodonta like C. glabella or 

C. persimilis and not to a Vanuxemia which the shell here under consideration 

undoubtedly is. The latter differs in at least two important respects from the 

characters brought out in Hall's description, and either one would in my opinion, be 

sufficient to defeat specific identity. Thus, he says the beaks are" situated about 

one-fourth the length of the shell from the anterior end," whereas in Whitfield's 

niota they are much nearer the anterior extremity; then he gives the impression 

that the anterior, posterior and basal margins are almost uniformly rounded, while 

in the present species, the outline is always more or less quadrangular. Under the 

circumstances I might have been justified in proposing a new name, but as the 

questions involved would still be open (a study of the original of Hall's description 

alone can amlwer them), it seemed best to refer to the species provisionally as 

above. 

Vanuxemia niota Whitfield (~Hall) sp., is closely related to V. lwyniana Safford 

sp., and V. gibbosa Ulrich. From the first it is distinguished by its greater convexity 

and length, more anterior and larger beaks, aIid almost rectangular instead of 

rounded anterior side. The cast figured on plate XXXVIII preserves the impressions 

of the hinge teeth. The cardinal teeth were rather small, oblique, and numbered 

four in each valve. The posterior teeth were slender, nearly horizontal, and three 

in number. In V. gibbosa the anterior margin forms a wider angle with the hinge 

line, the shell was a little thicker, the hinge stronger, and the cardinal teeth larger, 

not exceeding three in number and less oblique. In artificial casts of that species 

the anterior muscular scar proved to be comparatively larger, and t,o project farther 

anterior to the filling of the beaks, which again are of larger size than in niota. V. 

wortheni of tlle Galena belongs to the same group of species but is a much larger 

and rounder shell, and in casts has more compressed and less in curved beaks. 

Formation and locality.-Top of the" Lower Blue Beds," :wd base of the" Upper Buff Beds" of the 
Trenton form~tion at Beloit and M.ineral Point, Wisconsin, and Rockton, Illinois. 

Mus. Reg. No. 832[, 8325. 

V ANUXEMIA WORTHENI Ulrich. 

PLATE XXXIX. FIGS. 6 and 7. 

Cypricardites, sp., undet., MEEK and WOHTHEN, 1868. Ill. Geol. Sur., vol. iii, p. :ill. 
Cypricardites wortheni ULRICH, 1888. Amer. Geol., vol. 1, p. 180. 

Shell large, moderately ventricose, suberect, subcircular, the length a little 

greater than the hight, the beaks nearly terminal, the dorsal margin almost straight, 

rather long and with the extremities rounding abruptly, the anterior one scarcely 

projecting beyond the point of the beaks; the rest of the outline rounded with the 
-36 
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postero-basal part a little more curved than elsewhere. Surface rather uniformly 

convex in the central and umbonal regions, with the point of greatest convexity a 

trifle in front of the middle and unusually low. 
Casts of the interior show that the shell was thickened internally on the anterior 

part, that the posterior side of the thickening was margined by a slightly oblique 

narrow groove or sulcus which left a blunt though well marked ridge on the cast 

extending down from a little behind the beaks to below the middle of its sides. 

Beaks very prominent in the casts, greatly compressed, but little incurved, hollow 

upon the inner side, an unusually large space left between them, showing that the 

hinge plate was much thickened in this part. The exact width of the hinge plate is 

unknown, but it must have been considerable and probably greater than the average, 

especially at the ends where it was bent down to make room for the large teeth. 

Of the cardinal teeth there were three in the right valve and the same number or 

only two in the left. They were of large size and rather strongly curved and oblique. 

The posterior teeth were strong, scarcely curved and oblique, but their number is 

unknown. Anterior muscular impression of medium size, rounded, sharply defined, 

but not very deep, excavated out of the anterior end of the hinge plate, the pair 

forming (in an anterior view of the cast) a narrow lobe partly between, but mostly 

in front of the filling of the beaks. Pallial line sharply defined in the anterior half, 

obscure behind. Posterior muscular impression very faint, large, situated immedi

ately beneath the lateral teeth. A large cast has a hight of over 50 mm. 

This shell is the largest known to belong to the genus. It belongs to the group 

of species of which V. hayniana Safford may be regarded as typical, but differs from 

them all in having the point of greatest convexity situated at the center instead of 

above the center. It is scarcely necessary to compare the species in detail with the 

numerous forms to which it is more or less nearly related, since ordinary specimens 
are distinguished at once by their unusual size. 

Formation and locality.-Mic1c1le or upper part of the Galena, Mount Carron, Illinois. 

V ANUXEMIA DECIPIENS, n. Sp. 

PLATE XXXIX, FIGS. 1-5 .. 

Shell rather small, strongly convex, obliquely ovate, highest posteriorly, the 

length of a large specimen 23 mm., its hight 18 mm. Hinge line straight, two

thirds as long as the shell, terminating subangularly behind, rounded in front; 

posterior margin slightly oblique, strongly rounded and somewhat prominent in the 

lower half; basal line moderately convex, ascending from the posterior third or 

fourth; anterior end narrowly rounded, very short, the greater part of it occupied 
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postero-basal part a little more curved than elsewhere. Surface rather uniformly 

convex in the central and umbonal regions, with the point of greatest convexity a 

trifle in front of the middle and unusually low. 

Cast,s of the interior show that the shell was thickened internally on the anterior 

part, that the posterior side of the thickening was margined by a slightly oblique 

narrow gruove or sulcus which left a blunt though well marked ridge on the cast 

extending down from a little behind the beaks to below the middle of its sides. 

Beaks very prominent in the casts, greatly compressed, but little incurved, hollow 

upon the inner side, an unusually large space left between them, showing that the 

hinge plate was much thickened in this part. The exact width of the hinge plate is 

unknown, but it must have been considerable and probably greater than the average, 

especially at the ends where it was bent down to make room for the large teeth. 

Of the cardinal teeth there were three in the right valve and the same number or 

only two in the left. They were of large size and rather strongly curved and oblique. 

The posterior teeth were strong, scarcely curved and oblique, but their number is 

unknown. Anterior muscular impression of medium size, rounded, sharply defined, 

but not very deep, excavated out of the anterior end of the hinge plate, the pair 

forming (in an anterior view of the cast) a narrow lobe partly between, but mostly 

in front of the filling of the beaks. Pallial line sharply defined in the anterior half, 

obscure behind. Posterior muscular impression very faint, large, situated immedi

ately beneath the lateral teeth. A large cast hi1s a hight of over 50 mm. 

This shell is the largest known to belong to the genus. It belongs to the group 

of species of which V. hayniana Safford may be regarded as typical, but differs from 

them all in having the point of greatest convexity situated at the center instead of 

above the center. It is scarcely necessary to compare the species in detail with the 

numerous forms to which it is more or less nearly related, since ordinary specimens 

are distinguished at once by their unusual size. 

Formation and locality.-Micldle or upper part of the Galena, Mount Oarroll, Illinois. 

V ANUXEMIA DECIPIENS, n. sp. 

PLATE XXXIX, FIGS. 1-5. 

Shell rather small, strongly convex, obliquely ovate, highest posteriorly, the 

length of a large specimen 23 mm., its hight 18 mm. Hinge line straight, two

thirds as long as the shell, terminating subangularly behind, rounded in front; 

posterior margin slightly oblique, strongly rounded and somewhat prominent in the 

lower half; basal line moderately convex, ascending from the posterior third or 

fourth; anterior end narrowly rounded, very short, the greater part of it occupied 
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by the muscular scar. Beaks of moderate size and fullne£s, incurved, the anterior 

half slightly' flattened in the casts. This flattening, which is produced by the usual 

internal thickening of the anterior part of the shell, extends obliquely backward 

and downward from the beaks toward the middle of the ventral edge. Anterior 

muscular scar somewhat uniform, not as sharply defined below as is usual for the 

genus, very distinct, however, and partly overlapped above by the filling of the 

beaks. Pallial line sharp in the anterior two-fifths, obscure behind. Posterior 

muscular impression too light to be determined with certainty. Hinge plate nar

row, with two slender horizontal posterior lateral teeth in the left valve and three 

in the right. Cardinal teeth unknown. 

This species is associated with several of Cyrtodonta that, under ordinary condi

tions, are not easily distinguished. The feature to be chiefly relied upon in separating 

them (i. e., the character of the anterior muscular scar) is usually obscured by crys

tallized remnants of the shell. When these are removed and a clean cast of the inteior 

has been produced the difficulties will have been overcome, since the Vanuxemia. may 

then be distinguished at once from the Cyrtodonta by the much greater distinctness 

and character of the anterior muscular scar. (Comp. figs. 3 and 42 on plate XXXIX.) 

F01'mation and locctlity.-Trenton limestone, Minneapolis, Minnesota. 
Mus. Reg. No. 5100. 

Genus MATHERIA, Billings. 

Matheria, BILLINGS, 1858. Oan. Nat. anc1 Geol., vol. iii, p. ±-leO. 

Shell equivalve, very inequilateral, oblong quadrate or suboval; bea,ks smctll 

anterior. Surface marked with concentric growth lines only. Hinge of moderate, 

strength or rather weak, with external linear ligamental area posterior to the beaks, 

two small, divaricating cardinal teeth beneath the beak of the left valve and only 

one in the right; no lateral teeth. Adductor impressions two; the anterior one 

smaller and better defined than the posterior. Pallial line simple, obscurely defined. 

Type: Matheria ten era Billings. 

Only four or five species known to me have the characters of this genus. They 

are all small shells and with one exception belong to the Trenton. M. tenera is from 

that horizon in Canada, one or two undescribed species occur in Kentucky, and M. 

rugosa in Minnesota, while the Modiolopsis recta Hall, which is a true Matheria, 

belongs to the Niagara of Wisconsin and Illinois. 

MATHE RIA RUGOSA Ulrich. 
PLATE XXXVI. FIGS. 29 and 30. 

Matheria rugosa ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur., p. 241. 

Shell large for the genus, trapezoidal, widest posteriorly, with the beaks nearly 

terminal, small, incurved, projecting slightly above the hinge; a strongly convex 
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by the muscular scar. Beaks of moderate size and fullne£s, incurved, the anterior 

half slightly'flattened in the casts. This flattening, which is produced by the usual 

internal thickening of the anterior part of the shell, extends obliquely backward 

and downward from the beaks toward the middle of the ventral edge. Anterior 

muscular scar somewhat uniform, not as sharply defined below as is usual for the 

genus, very distinct, however, and partly overlapped above by the filling of the 

beaks. Pallial line sharp in the anterior two-fifths, obscure behind. Posterior 

muscular impression too light to be determined with certainty. Hinge plate nar

row, with two slender horizontal posterior lateral teeth in the left valve and three 

in the right. Cardinal teeth unknown. 

This species is associated with several of C,1}rtodonta that, under ordinary condi

tions, are not easily distinguished. The feature to be chiefly relied upon in separating 

them (i. e., the character of the anterior muscular scar) is usually obscured by crys

tallized remnants of the shell. When these are removed and a clean cast of the inteior 

has been produced the difficulties will have been overcome, since the Vanuxemia may 

then be distinguished at once from the Cyrtodonta by the much greater distinctness 

and character of the anterior muscular scar. (Comp. figs. 3 and 42 on plate XXXIX.) 

F01'mation and locctlity.-Trenton limestone, Minneapolis, Minnesota. 
Mus. Reg. No. 5100. 

Genus MATHERIA, Billings. 

Matheria, BILLINGS, 1858. Oan. Nat. and Geol., vol. iii, p. HO. 

Shell equivalve, very inequilateral, oblong quadrate or suboval; beaks sm'ill 

anterior. Surface marked with concentric growth lines only. Hinge of moderate, 

strength or rather weak, with external linear ligamental area posterior to the beaks, 

two small, divaricating cardinal teeth beneath the beak of the left valve and only 

one in the right; no lateral teeth. Adductor impressions two; the anterior one 

smaller and better defined than the posterior. Pallial line simple, obscurely defined. 

Type: Matheria ten era Billings. 

Only four or five species known to me have the characters of this genus. They 

are all small shells and with one exception belong to the Trenton. M. tenera is from 

that horizon in Canada, one or two undescribed species occur in Kentucky, and },J. 

rugosa in Minnesota, while the Modiolo]Jsis recta Hall, which is a true Matheria, 

belongs to the Niagara of Wisconsin and Illinois. 

MATHERIA RUGOSA Ulrich. 
PLATE XXXVi. FIGS, 29 and 30. 

Matheria rugosa ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur., p, 241. 

Shell large for the genus, trapezoidal, widest posteriorly, with the beaks nearly 

terminal, small, incurved, projecting slightly above the hinge; a strongly convex 
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umbonal ridge. Anterior end descending abruptly from the beaks, below rounding 

sharply into the nearly straight ventral border; posterior margin produced and 

strongly rounded in the lower half, obliquely subtruncate above, forming an obtuse 

angle at the junction with the hinge line; the latter very gently arched. Surface 

marked with strong concentric wrinkles and finer lines of growth. Shell substance 

of moderate thickness. 
Hinge plate strong, flat, slightly arcuate, the upper half of the width posterior 

to the beaks, finely striated lengthwise. Cardinal teeth small, situated just beneath 

the beaks, directed toward the postero-basal margin, with one in the right valve and 

on each side of it a deep socket for the reception of the two teeth of the left valve. 

Anterior muscular scar rather distinct, subcircular, situated immediately beneath 

the teeth. 
Several additional specimens of this well marked species were collected during 

the summer of 1892, among them an entire left valve showing the hinge. This has 

two cardinal teeth and no posterior laterals, so that there can be no longer any 

question as to the generic position of the shell. Only two other species belonging 

to this genus are known to have been de8cribed. These are M. tenera Billings and 

M. recta (Modiolopsis recta Hall), from both of which M. rugosa differs in the much 

greater hight of the posterior end. The shape of the shell reminds one greatly of 

Ischyrodonta and certain species of Cyrtodonta, but in the former the cardinal ~eeth 

are much stronger and the ligament internal instead of external. The hinge of 

Cyrtodonta, with its posterior lateral teeth and curved, more numerous, and longer 

cardinal teeth, is quite different, but when the interior is hidden the collector may 

experience some trouble in distinguishing the species from the associated Cyrtodonta 

ajJinis. Still, there is one difference that will serve his purpose very well, namely, 

the anterior end of the latter is rounded and somewhat produced beyond the beaks, 

whereas it descends abruptly from the beaks in the Matheria. 

F01'mation and locality.-Upper part of the middle third of the Trenton shales, about six miles south 
of Cannon Falls, Minnesota. 

Genus WHl'l'ELLA, Ulrich. 

Whitella, ULRICH, 1890, Amer Geol., vol. vi, p. 176. 

Shell thin, obliquely quadrangular or suboval, equivalve, inequilateral, more or 

less ventricose. Umbones very prominent, the beaks strongly incurved; umbonal 

ridge prominent, subangular or sharply rounded. Cardinal margin straight or 

slightly convex, the edges inflected to form a sharply defined escutcheon extending 

beyond the beaks sometimes quite to the anterior extremity of the shell; area finely 

striated longitudinally . Hinge line straight, from one-half to two-thirds the length 
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umboual ridge. Anterior end descending abruptly from the beaks, below rounding 

sharply into the nearly straight ventral border; posterior margin produced and 

strongly rounded in the lower half, obliquely 8ubtruncate above, forming an obtuse 

angle at the junction with the hinge line; the latter very gently arched. Surface 

marked with strong concentric wrinkles and finer lines of growth. Shell substance 

of moderate thickness. 
Hinge plate strong, flat, slightly arcuate, the upper half of the width posterior 

to the beaks, finely striated lengthwise. Cardinal teeth small, situated just beneath 

the beaks, directed toward the postero-basal margin, with one in the right valve and 

on each side of it a deep socket for the reception of the two teeth of the left valve. 

Anterior muscular scar rather distinct, subcircular, situated immediately beneath 

the teeth. 

Several additional specimens of this well marked species were collected during 

the summer of 1892, among them an entire left valve showing the hinge. This has 

two cardinal teeth and no posterior laterals, so that there can be no longer any 

question as to the generic position of the shell. Only two other species belonging 

to this genus are known to have been described. These are M. tenera Billings and 

M. recta (Modiolopsis recta Hall), from both of which M. rugosa differs in the much 

greater hight of the posterior end. The shape of the shell reminds one greatly of 

Ischyrodonta and certain species of Cyrtodonta, but in the former the cardinal teeth 

are much stronger and the ligament internal instead of external. The hinge of 

Cyrtodonta, with its posterior lateral teeth and curved, more numerous, and longer 

cardinal teeth, is quite different, but when the interior is hidden the collector may 

experience some trouble in distinguishing the species from the a,ssociated Cyrtodonta 

affinis. Still, there is one difference that will serve his purpose very well, namely, 

the anterior end of the latter is rounded and somewhat produced beyond the bea,ks, 

whereas it descends abruptly from the beaks in the Matheria. 

F01'1nation and locality.- Upper part of the middle third of the Tren ton shales, about six miles south 
of Cannon Falls, Minnesota. 

Genus WHI'l'ELLA, Ulrich. 

Whitella, ULRICH, 1890, Amer Geol., vol. vi, p. 176. 

Shell thin, obliquely quadrangular or suboval, equivalve, inequilateral, more or 

less ventricose. Umbones very prominent, the beaks strongly incurved; umbonal 

ridge prominent, subangular or sharply rounded. Cardinal margin straight or 

slightly convex, the edges inflected to form a sharply defined escutcheon extending 

beyond the beaks sometimes quite to the anterior extremity of the shell; area finely 

striated longitudinally. Hinge line straight, from one-half to two-thirds the length 



Whitella obllquata.] 
LAMELLIBRAN ORIA TA. 565 

of the. shell, with two to five rather obilque folds or teeth in front of the beaks. 

Posterior portion of hinge apparently edentulous. Ligament probably both external 

and internal, the latter only along the posterior third of the hinge line, where it was 

supported by an internal ridge in each valve. Two simple adductor impressions, the 

posterior one very faint; pallial line simple, marginal; interior of shell lined with a 

nacrous film. Surface of shell with fine concentric lines, and sometimes with stronger 
concentric undulations. 

Type: W. obliquata Ulrich. 

No more easily recognized genus of Lamellibranchiata than this is known from 

the Lower Silurian rocks, and of those restricted to that system, none is more 

important in the way of species and distribution. Twelve species, nine of them 

Trenton, the rest from the Hudson River group, are described and figured in this 

work. Two others were described by me in 1890, from the Cincinnati group of Ohio 

as W. umbonata and W. subovata, while another pair, hindi and plebeia, from the 

Hudson River rocks of Anticosta, were doubtfully referred by Billings to his genus 

Cyrtodonta. With the latter species Billings describes two others as Cyrtodonta? 

sigmoidea and C. acutumbona (1866, Catal. Sil. Foss. Anticosti, pp. 13 and 49), which 

may turn out to belong to fVhitella. The Gypricardites carinata Meek, from Cincin

nati, Ohio, also belongs here, while a very large species from the upper beds of the 

same formation remains to be described. Species of this genus have been referred to 

Dolabra McCoy, Cypricardites Conrad, and Cyrtodonta Billings. McCoy describes his 

genus as containing inequivalve shells in which the hinge is edentulous. Cypricardites 

and Cyrtodonta both have well developed posterior lateral teeth and quite different 

cardinal teeth. In the latter also the shell is thicker and the ligamental area never 

so well developed, nor is the umbonal ridge ever so prominent as is commonly the 

case in WhiteZZa. 

W HITELLA OBLIQUATA Ulrich. 

PLATE XL, FIGS. 31 and 32. 

WhiteZla obliquata ULRICH, 1890. Amer. Geol., vol. vi, p. 177. 

Shell large, oblique, subrhomboidal in outline, produced. in the postero-basal 

region, ventricose, with point of greatest convexity above the middle; beaks rather 

small, prominent, slightly incurved, situated nearly one-third of the length of the 

hinge line from its anterior extremity; umbonal ridge well marked, the cardinal 

slope concave· Anterior end small, narrowly rounded above, merging gradually into 

the evenly and only moderately convex ventral margin. Posterior end sharply 

curved and produced below, gently convex and sloping forward in the upper half to 

meet the slightly convex, cardinal margin. Escutcheon well marked, wide, shallowest 

Whltella obllquata.] 
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of the. shell, with two to five rather obilque folds or teeth in front of the beaks. 

Posterior portion of hinge apparently edentulous. Ligament probably both external 

and internal, the latter only along the posterior third of the hinge line, where it was 

supported by an internal ridge in each valve. Two simple adductor impressions, the 

posterior one very faint; pallial line simple, marginal; interior of shell lined with a 

nacrous film. Surface of shell with fine concentric lines, and sometimes with stronger 

concentric undulations. 

Type: W. obliquata Ulrich. 

No more easily recognized genus of Lamellibranchiata than this is known from 

the Lower Silurian rocks, and of those restricted to that system, none is more 

important in the way of species and distribution. Twelve species, nine of them 

Trenton, the rest from the Hudson River group, are described and figured in this 

work. Two others were described by me in 1890, from the Cincinnati group of Ohio 

as W. umbonata and W. subovata, while another pair, hindi and plebeia, from the 

Hudson River rocks of Anticosta, were doubtfully referred by Billings to his genus 

Cyrtodonta. With the latter species Billings describes two others as Cyrtodonta? 

sigmoidea and C. acutumbona (1866, Catal. Sil. Foss. Anticosti, pp. 13 and 49), which 

may turn out to belong to vVhitella. The Cypricardites carinata Meek, from Cincin

nati, Ohio, also belong~ here, while a very large species from the upper beds of the 

same formation remains to be described. Species of this genus have been referred to 

Dolabra McCoy, Cypricardites Conrad, and Cyrtodonta Billings. McCoy describes his 

genus as containing inequivalve shells in which the hinge is edentulous. Cypricardites 

and Cyrtodonta both have well developed posterior lateral teeth and quite different 

cardinal teeth. In the latter also the shell is thicker and the ligamental area never 

so well developed, nor is the umbonal ridge ever so prominent as is commonly the 

case in Whitella. 

W HITELLA OBLIQUATA Ulrich. 

PLATE XL, FIGS. 31 and 32. 

Whitella obliquata ULRICH, 1890. Amer. Geol., vol. vi, p. 177. 

Shell large, oblique, subrhomboidal in outline, produced. in the postero-basal 

region, ventricose, with point of greatest convexity above the middle; beaks rather 

small, prominent, slightly incurved, situated nearly one-third of the length of the 

hinge line from its anterior extremity; umbonal ridge well marked, the cardinal 

slope concave· Anterior end small, narrowly rounded above, merging gradually into 

the evenly and only moderately convex ventral margin. Posterior end sharply 

curved and produced below, gently convex and sloping forward in the upper half to 

meet the slightly convex, cardinal margin. Escutcheon well marked, wide, shallowest 
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in front of the beaks. Anterior muscular scar elongate. Hinge thin, simple posterior 

to the beaks, in front of them, with one long and slender horizontal tooth and 

several slightly oblique short teeth above it. The dimensions of a cast of the inte

rior, of the average size, are as follows: greatest length, 50 mm.; greatest hight, 38 

mm.; greatest convexity, 24 mm. A large specimen is 59 mm.long and 42 mm. high. 

In W. sterlingensis M. and W. sp., the umbonal ridge is much stronger, the cardinal 

area much wider, the anterior end short, the posterior margin different, especially 

below where it is narrower, and the length from the beak to the postero-ba8al 

extremity comparatively greater. W: quadrangularis Whitfield, sp., is a more convex 

shell, not so oblique, and has a wider cardinal area, and larger beaks. For compari

son with Trenton species see their descriptions. 

F01'11!ation and locality.-Hudson River group, near Spring Valley, Minnesota. In Ohio and Indiana 
the species is not uncommon in the upper beds of the Cincinnati group. 

WHITELLA QUADRANGULARIS Whitfield. 

PLATE XL, FIGS. 28-30. 

Cypricardites quadrangularis WHITFIELD, 1878. Jour. Cin. Soc. Nat. Hist., vol. i, p. 138. 

Shell of medium size, gibbous, rather erect and nearly rounded or quadrangular 

in outline, with very large incurved, though widely separated, subcentral beaks, over

hanging the proportionally short but unusually wide ligamental areas. Length and 

hight subequal, the latter probably a little the greater; thickness more than two

thirds of the hight. Umbonal region very prominent, rounded anterior to the 

obtusely angular and rather inconspicuous umbonal ridge; behind the ridge the 

surface is a little concave and slopes abruptly toward the magin; anterior slope 

similarly abrupt and concave. Anterior end sharply rounded and most prominent 

at the extremity of the hinge; ventral and posterior margins sometimes forming a 

regular semicircle, but usually a slight prominence is perceptible in the postero

basal regions, causing a straightening of the posterior margin. Surface marked 

with somewhat irregular concentric lines and wrinkles of growth. 

In casts of the interior the anterior muscular scar i ~ uncommonly well defined 

for the genus, and immediately above them, a pair of depressions forming the ante

rior end of the cardinal area, is also an unusual feature. Furthermore, a slight 

vertical furrow on the umbones reminds of Cyrtodonta. Yet, despite these peculiar

itiee, I am convinced that the species belongs to Whitella rather than to Cyrtodonta. 

This view is strengthened by the facts that the shell was very thin and covered on 

the inner side by a delicate pearly nacre, parts of which are preserved on the cast 

represented by figure 29. Such a film has been observed on casts of other species of 

Whitella, but has never been noticed on similarly preserved species of Cyrtodonta. 

566 THE PALEONTOLOGY OF MINNESOTA. l Whitella quadrangularis. 

in front of the beaks. Ant.erior muscular scar elongate. Hinge thin, simple posterior 

to the beaks, in front of them, with one long and slender horizontal tooth and 

several slightly oblique short teeth above it. The dimensions of a cast of the inte

rior, of the average size, are as follows: greatest length, 50 mm.; greatest hight, 38 

mm.; greatest convexity, 24 mm. A large specimen is 59 mm.long and 42 mm. high. 

In T17. sterlingensis M. and W. sp., the umbonal ridge is much stronger, the cardinal 

area much wider, the anterior end short, the posterior margin different, especially 

below where it is narrower, and the length from the beak to the postero-ba8al 

extremity comparatively greater. T17. quadrangulaT'is Whitfield, sp., is a more convex 

shell, not so oblique, and has a wider cardinal area, and larger beaks. For compari

son with Trenton species see their descriptions. 

Formation and loeality.-Hudson River group, near Spring Valley, Minnesota. In Ohio and Indiana 
the species is not uncommon in the upper beds of the Cincinnati group. 

WHITELLA QUADRANGULARIS Whitfield. 

PLATE XL, FIGS. 28-30. 

Cypricarciites quadrangularis WHITFIELD, 1878. .Tour. Cin. Soc. Nat. Hist., vol. i, p. 138. 

Shell of medium size, gibbous, rather erect and nearly rounded or quadrangular 

in outline, with very large incurveel, though widely separated, subcentral beaks, over

hanging the proportionally short but unusually wiele ligamental areas. Length and 

hight subequal, the latter probably a little the greater; thickness more than two

thirds of the hight. U m bonal region very prominent, rounded anterior to the 

obtusely angular and rather inconspicuous umbonal ridge; behind the rielge the 

surface is a little concave and slopes abruptly toward the magin; anterior slope 

similarly abrupt and concave. Anterior enel sharply rounded and most prominent 

at the extremity of the hinge; ventral and posterior margins sometimes forming a 

regular semicircle, but usually a slight prominence is perceptible in the postero

basal regions, causing a straightening of the posterior margin. Surface marked 

with somewhat irregular concentric lines and wrinkles of growth. 

In casts of the interior the anterior muscular scar ii uncommonly well defined 

for the genus, and immediately above them, a pair of depressions forming the ante

rior end of the cardinal area, is also an unusual feature. Furthermore, 3, slight 

vertical furrow on the umbones reminds of Cyrtodonta. Yet, elespite these peculiar

ities, I am convinced that the species belongs to T17hitella rather than to Cyrtodonta. 

This view is strengthened by the facts that the shell was very thin and covered on 

the inner side by a delicate pearly nacre, parts of which are preserved on the cast 

represented by figure 29. Such a film has been observed on casts of other species of 

Whitella, but has never been noticed on similarly preserved species of Cyrtodonta. 



Whitella sterlingensis.] 
LAMELLIBRA NOHIATA. 567 

In drawing up the above description I have made use of the original type of the 

species which was borrowed from the museum of the Cincinnati Society of Natural 

History. This specimen is a mold of the exterior and has been compressed in such 

a manner that the outline is now unnaturally quadrangular, the umbonal ridge too 

prominent and the beaks too narrow. I have compared it very carefully with the 

northwestern specimens, which are casts of the interior, and while I admit freely the 

the possibility of error, my conclusion for the present is that they are specifically 
identical. 

Compared with other species of Whitella it will be found that the shell is more 

erect and shorter, and the cardinal area wider than in any other known. An asso

ciated form, Cyrtodonta grandis, val' luculenta Sardeson, has much smaller beaks, while 

they are also nearly in contact, the ligamental area being very much narrower. 

F07'rnation and locality.-Upper beds of the Cincinnati group at Clarksville, Waynesville and other 
localities in Ohio. The northwestern specimens were obtained from an equivalent horizon at Savannah, 
Illinois, and Spring Valley, Minnesota. 

WHITELLA STERLINGENSIS Meek and T¥orthen. 

PLATE XLI, ];'IG8. 27 and 28. 

Dolabm sterlingensis MEEK and WOHTHEN, 1866. Proc. Acad. Nat. Sci. Philad., p. 260; also 1868, 
Genl. Sur. Ill., voL iii, p. 339. 

Not Cypricardites stel'lingensis ? MEEK, ] 873. Pal. Ohio, vol. i, p. 133. 

Original descriptivn: "Shell rhombic-cordate, being cordate in outline, as seen in 

an anterior and posterior view, and obliquely rhomboidal, as seen from either side. 

Posterior margin obliquely truncated, with a long slope, which is slightly convex 

above and faintly sinuous near the middle; posterior basal extremity produced 

obliquely backwards and downwards, with a more narrowly rounded or subangular 

outline; basal margin ascending forward, with a moderately convex curve, and 

rounding up more or less gradually into the very short or almost obsolete anterior 

side; hinge line short; cardinal area moderately developed. Beaks prominent, 

placed nearly over the anterior margin, strongly incurved and compressed antero

posteriorly. U mbonal ridges very prominent, subangular, and extending from the 

beaks obliquely to the posterior basal extremity at an angle of about 45° below the 

horizon of the hinge, thus dividing each valve into two subequal areas, of which the 

one behind is flattened or slightly concave between the ridge and the moderately 

prominent postero-dorsal edge, and that in front and below it convex. (Hinge and 

interior unknown.) 

"Greatest length, measuring obliquely from the beaks to the posterior basal 

extremity, 2.20 inches; diameter, at right angles to the same, 1.50 inches; convexity 

of the two val ves when closed, 1.50 inches," 

Whitelll1 sterlingensis.] 
LAMELLIBRA NOHIATA. 567 

In drawing up the above description I have made use of the original type of the 

species which was borrowed from the museum of the Cincinnati Society of Natural 

History. This specimen is a mold of the exterior and has been compressed in such 

a manner that the outline is now unnaturally quadrangular, the umbonal ridge too 

prominent and the beaks too narrow. I have compared it very carefully with the 

northwestern specimens, which are casts of the interior, and while I admit freely the 

the possibility of error, my conclusion for the present is that they are specifically 
identical. 

Compared with other species of Whitella it will be found that the shell is more 

erect and shorter, and the cardinal area wider than in any other known. An asso

ciated form, Cyrtodonta .r;randis, val' lllculenta Sardeson, has much smaller beaks, while 

they are also nearly in contact, the ligamental area being very much narrower. 

Forrnation and locality.-Upper beds of the Cincino<1ti group at Clarksville, Waynesville anel uther 
localities in Ohio. The north western specimens were obtai ned from an equi valent horizon at Savannah, 
Illinois, and Spring Valley, Minnesota. 

WHITELLA STERLINGENSIS Meek and T¥orthen. 

PLATE XLI, FIGS. 27 and 28. 

Dolabra sterlingensis MEEK and WORTHEN, 1866. Proc. Acacl. Nat. Sci. Philad., p. 260; also 1868, 
Geol. Sur. Ill., vol. iii, p. 339. 

Not Cypricardites sterlingensis ? MEEK, 1873. P<11. Ohio, vol. i, p. 133. 

Original description: "Shell rhombic-cordate, being cordate in outline, as seen in 

an anterior and posterior view, and obliquely rhomboidal, as seen from either side. 

Posterior margin obliquely truncated, with a long slope, which is slightly convex 

above and faintly sinuous near the middle; posterior basal extremity produced 

obliquely backwards and downwards, with a more narrowly rounded or subangular 

outline; basal margin ascending forward, with a moderately convex curve, and 

rounding up more or less gradually into the very short or almost obsolete anterior 

side; hinge line short; cardinal area moderately developed. Beaks prominent, 

placed nearly over the anterior margin, strongly incurved and compressed antero

posteriorly. Umbonal ridges very prominent, subangular, and extending from the 

beaks obliquely to the posterior basal extremity at an angle of about 45° below the 

horizon of the hinge, thus dividing each valve into two subequal areas, of which the 

one behind is flattened or slightly concave between the ridge and the moderately 

prominent postero-dorsal edge, and that in front and below it convex. (Hinge and 

interior unknown.) 

"Greatest length, measuring obliquely from the beaks to the posterior basal 

extremity, 2.20 inches; diameter, at right angles to the same, 1.50 inches; convexity 

of the two valves when closed, 1.50 inches." 
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The great prominence and sharpness of the umbonal ridge, the decided flattening 

of the postero-dorsal region and the narrowness of the posterior extremity are the 

features that distinguish the species from all the others referred to the genus, except 

TV. h£ndi Billings sp., TV. carinata Meek sp., and W. truncata Ulrich. The first of these 

exceptions is not so high, less gibbous, less oblique, has a more prominent and less 

broadly rounded anterior side, straighter posterior margin, narrower beaks and a 

cardinal area or escutcheon that is a little longer but not nearly so wide. The other 

two are sufficiently distinguished by their much smaller size. 
The specimen described by Meek in the Ohio Paleontology (loc. cit.) and doubt

fully referred to this species is certainly distinct. It my belong to W. hindi Billings, 

or to TV. umbonata Ulrich, both of which it resem bles more closely than W. sterlingensis, 

especially in the prominence of the anterior end, which of itself precludes all possi

bility of its identity with the present species. That it really belongs to one or the 

other of the two species mentioned it would not now be safe to say, since I have no 

means of learning to what extent the specimen may have suffered from compression. 

Formation and locality,-The type specimen was found in the upper beds of the Oincinnati group 
at Sterling, Illinois. A small distorted shell from the Hudson River group near Spring Valley, Min
nesota, may belong here, but I cannot say as liluch for any specimen seen from the equivalent strata 
of Ohio and Indiana, despite the fact that the species is commonly believed to occur there. 

W HITELLA OOMPRESSA Ulrich. 

PLATE XLI. FIGS. 6-9. 

lVhitella compre8sa ULRICH, 1890. A mer. Geol., vol. vi, p. 180. 

This shell has an outline very similar to that of TV. obliquata, yet differs' con

spicuously from that species in having much less gibbous valves, the thickness in 

that species equalling about one-half of its greatest length, while in W. compressa 

the length is more than two and one-half times the convexity. And yet the length 

of the latter is comparatively a little less than in the Hudson River group species. 

Comparing the two species critically we find further that in W. compressa the umbonal 

ridge is much less developed and the outline at the extremities of the hinge some

what different, the posterior part being a little more sharply rounded, while anteri

orly the hinge projects farther beyond the beaks and in a straighter line, so as to 

form an angular junction with the anterior margin. An undescribed form found 

associated with TV. obliqttata in Ohio, and which I shall call W. ohioensis, attains a 

greater size, but agrees in all its specific characters much more closely with the 

present species. Indeed the agreement is so close that we may be justified in 

regarding it as a reapparition of W. compressa, the only difference so far detected 

with certainty being a slight one in the outline. The Ohio form, namely, is a little 

narrower across the posteriQr half of the shell. I expect, however, that when more 
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[Wbitella compressa. 

The great prominence and sharpness of the umbonal ridge, the decided flattening 

of the postero-dorsal region and the narrowness of the posterior extremity are the 

features that distinguish the species from all the others referred to the genus, except 

W. hindi Billings sp., W. carin at a Meek sp., and W. truncata Ulrich. The first of these 

exceptions is not so high, less gibbous, less oblique, has a more prominent and less 

broadly rounded anterior side, straighter posterior margin, narrower beaks and a 

cardinal area or escutcheon that is a little longer but not nearly so wide. The other 

two are sufficiently distinguished by their much smaller size. 

The specimen described by Meek in the Ohio Paleontology (loc. cit.) and doubt

fully referred to this species is certainly distinct. It. my belong to W. hindi Billings, 

or to W. umbonata Ulrich, both of which it resem bles more closely than W. sterlingensis, 

especially in the prominence of the anterior end, which of itself precludes all possi

bility of its identity with the present species. That it really belongs to one or the 

other of the two species mentioned it would not now be safe to say, since I have no 

means of learning to what extent the specimen may have suffered from compression. 

Formation and locality.-The type specimen was found in the upper beds of the Oincinnati group 
at Sterling, Illinois. A small distorted shell from the Hudson River group near Spring Valley, Min
nesota, may belong here, but I cannot say as much for any specimen seen from the equivalent strata 
of Ohio and Indiana, despite tIle fact that the species is commonly believed to occur there. 

W HITELLA COMPRESS A Ulrich. 

PLATE XLI. FIGS. 6-g. 

lVhiteZZa cornpre~sa ULRICH, 1890. A mer. Geol., vol. vi, p. 180. 

This shell has an outline very similar to that of W. obliquata, yet differs con

spicuously from that species in having much less gibbous valves, the thickness in 

that species equalling about one-half of its greatest length, while in W. compressa 

the length is more than two and one-half times the convexity. And yet the length 

of the latter is comparatively a little less than in the Hudson River group species. 

Comparing the two species critically we find further that in W. compressa the umbonal 

ridge is much less developed and the outline at the extremities of the hinge some

what different, the posterior part being a little more sharply rounded, while anteri

orly the hinge projects farther beyond the beaks and in a straighter line, so as to 

form an angular junction with the anterior margin. An undescribed form found 

associated with TV. obliquata in Ohio, and which I shall call W. ohioensis, attains a 

greater size, but agrees in all its specific characters much more closely with the 

present species. Indeed the agreement is so close that we may be justified in 

regarding it as a reapparition of W. compressa, the only difference so far detected 

with certainty heing a slight one in the outline. The Ohio form, namely, is a little 

narrower across the posteriQr half of the shell. I expect, however, that when more 
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perfect material can be compared other differences will become apparent, especially 

in their hinges and muscular impressions, these parts appearing to be somewhat 

stronger in the Trenton shales species. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis and St. Paul, Minnesota. 

W HITELLA CONCENTRICA Ulrich. 

PLATE XLI. FIGS. 2 and 3. 

Whitella concentrica ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Hist. Sur. Minn., p. 247. 

Shell rather beneath the medium size, oblique, ventricose, widest posteriorly, 

trapezoidal; beaks large, prominent, incurved; umbones full, with a sharply rounded 

ridge or line of gibbosity extending ba,ckward from the beaks to the posterior 

extremity of the shell. Cardinal and posterior slopes slightly concave. Anterior 

end short, narrowly rounded; ventral edge very gently convex; posterior end pro

duced and sharply rounded in the lower half, more gently convex and sloping rapidly 

forward above, merging gradually into the curve of the dorsal side. Hinge line about 

half as long as the shell, with the edge inflected so as to form a narrow escutcheon, 

extending but little, if at all, in front of the beaks. Internal ligamental supports 

leave a distinct impression on each side of the postero-cardinal margin in casts of 

the interior. Anterior muscular scars distinct though faintly impressed, situated in 

the antero-dorsal angle. Surface of casts, especially in the lower and posterior parts, 

marked with fairly distinct, rounded, concentric folds. 

The concentric undulations are stronger in this species than in any other known 

to me. It is shorter than W. prcecipta, more ventricose than W. cornpressa, and has 

much fuller umbones than W.obliquata. In W. scofieldi the surface is not undulated, 

the anterior end is subangular above, and the umbonal ridge sharper. 

Formation and locality.-MiddJe third of the Trenton shales at Minneopolis, Minnesota. 

W HITELLA RUGA TINA, n. S1). 

PLATE XLI. FIG. 1. 

Shell subovate or obscurely trapezoidal, moderately gibbous, with well shaped 

and prominent umbones and strongly incurved beaks situated one-fourth of the 

. length of the shell behind the anterior extremity. Umbonal ridge moderate, rounded 

except immediately behind the beaks. Escutcheon narrow, not extending in front 

of the beaks. Surface of casts marked with numerous, rather small, concentric 

furrows, which in parts may be quite regular, but in others are thrown into bundles 

so as to produce~ obscure] undulations. Hinge unknown, muscular and pallial 

impressions:very faint. 

Wh!tella concentr!ca.] 
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perfect material can be compared other differences will become apparent, especially 

in their hinges and muscular impressions, these parts appearing to be somewhat 

stronger in the Trenton shales species. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis and St. Panl, Minnesota. 

W HITELLA CONCENTRICA Ulrich. 

PLATE XLI. FIGS. 2 ~11lcl ~. 

Whitella concentrica ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Hist. Sur. Minn., p. 247. 

Shell rather beneath the medium size, oblique, ventricose, widest posteriorly, 

trapezoidal; beaks large, prominent, incurved; umbones full, with a.sharply rounded 

ridge or line of gibbosity extending ba,ckward from the beaks to the posterior 

extremity of the shell. Cardinal and posterior slopes slightly concave. Anterior 

end short, narrowly rounded; ventral edge very gently convex; posterior end pro

duced and sharply rounded in the lower half, more gently convex and sloping rapidly 

forward above, merging gradually into the curve of the dorsal side. Hinge line about 

half as long as the shell, with the edge inflected so as to form a narrow escutcheon, 

extending but little, if at all, in front of the beaks. Internal ligamental supports 

leave a distinct impression on each side of the postero-cardinal margin in casts of 

the interior. Anterior muscular scars distinct though faintly impressed, situated in 

the antero-dorsal angle. Surface of casts, especially in the lower and posterior parts, 

marked with fairly distinct, rounded, concentric folds. 

The concentric undulations are stronger in this species than in any other known 

to me. It is shorter than W. prcecipta, more ventricose than W. compressa, and has 

much fuller umbones than W.obliquata. In W. scofieldi the surface is not undulated, 

the anterior end is subangular above, and the umbonal ridge sharper. 

Formation and ZocaZity.-Midc11e third of the Trenton shales at Minneapolis, Minnesota. 

WHITELLA RUGATINA, n. SV. 

PLATE XLI. FIG. 1. 

Shell sub ovate or obscurely trapezoidal, moderately gibbous, with well shaped 

and prominent umbones and strongly incurved beaks situated one-fourth of the 

length of the shell behind the anterior extremity. Umbonal ridge moderate, rounded 

except immediately behind the beaks. Escutcheon narrow, not extending in front 

of the beaks. Surface of casts marked with numerous, rather small, concentric 

furrows, which in parts may be quite regular, but in others are thrown into bundles 

so as to produce~ obscure] undulations. Hinge unknown, muscular and pallial 

impressions:very faint. 



570 THE PALEONTOLOGY OF MINNESOTA. 
[Whitella. megambona. 

The specimen figured has the following dimensions: From the postero-basal 

margin to the antero-cardinal angle, 33 mm.; from the same point to the umbones, 

31 mm.; from the postero-cardinal margin to the antero-basal margin, 26.5 mm.; 

greatest or posterior hight, 24.7 mm.; greatest convexity, 16.5 or 17 mm. 

Though comparable in a general way with a number of species referred to the 

genus, the relations are not very close in any case. In the matter of outline it agrees 

best with W. compressa and W. ohioensis, but the umbones are larger, the valves more 

convex, and the surface markings much better defined, especially on casts of the 

interior. The umhonal ridge is not strong enough for W. scofieldi, and the umbones 

too small for W. concentrica, while in the outline it differs in a similar manner from 

both of those species. Finally, in W. sttbcarinata and W. ventricosa Hall, sp., the 

anterior end is shorter. 

Formation and locality.-Middle. third of the Trenton shales, Minneapolis, Minnesota. 

WHITELLA MEGAMBONA Whitfield. 

PLATE XLI. FIGS. 4 and 5. 

Oypricardites megambonus WHITFIELD, 1877. Ann. Rep. Geol. Sur. Wis., p. 73. Also 1882, Geol., Wis., 
vol. iv, p. 210. 

lVhitella megambona UL RICH, 1890. Amer. Geol., vol. vi. p. 384. 

Shell of medium size or less, oblique, sub elliptical in outline, very gibbous, the con

vexity of the closed valves equalling very nearly the shorter of the oblique diameters, 

and about two-thirds of the distance from the beaks to the postero-basal extremity. 

Umbones very la.rge, tumid, with the beaks strongly and obliquely incurved, their 

points being brought into close proximity; umbonal ridge prominent, subangular 

near the beaks but becoming obtuse in receding from them; point of greatest con

vexity somewhat behind the middle of the shelL Hinge line very short, posteriorly 

passing rather gradually into the posterior margin; the latter is somewhat oblique 

and broadly rounded to the base where the outline turns rather sharply forward into 

the basal line, which continues with a uniform curve to the narrowly rounded

almost angular--anterior extremity; the latter projects about one-ninth of the longer 

diameter of the shell beyond the anterior side of the umbones. Surface marked by 

irregular concentric lines of growth, and distant obscure undulations. Anterior to 

the umbonal ridge the surface is rather strongly convex, while the posterior and 

cardinal slopes are flattened and exhibit along the center a more or less distinct 

sulcus. Escutcheon very short and narrow. Internal ligament supports, unusu

ally long, in casts leaving a well defined furrow on each side of the hinge line, 

extending from the upper part of the posterior margin almost to the beaks. Car

dinal teeth apparently as in W. scojieldi. Anterior muscular scar shallow, rather 
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The specimen figured has the following dimensions: From the postero-basal 

margin to the antero-cardinal angle, 33 mm.; from the same point to the umbones, 

31 mm.; from the postero-cardinal margin to the antero-basal margin, 26.5 mm.; 

greatest or posterior hight, 24.7 mm.; greatest convexity, 16.5 or 17 mm. 

Though comparable in a general way with a number of species referred to the 

genus, the relations are not very close in any case. In the matter of outline it agrees 

best with W. compressa and W. ohioensis, but the umbones are larger, the valves more 

convex, and the surface markings much better defined, especially on casts of the 

interior. The umbonal ridge is not strong enough for W. scofieldi, and the umbones 

too small for W. concentrica, while in the outline it differs in a similar manner from 

both of those species. Finally, in W. subcarinata and W. ventricosa Hall, sp., the 

anterior end is shorter. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis, Minnesota. 

WHIT ELLA MEGAMBONA Whitjield. 

PLATE XLI, FIGS. 4 and 5. 

Cypricardites megambonus WHITFIELD, 1877. Ann. Rep. Geol. Sur. Wis., p. 73. Also 1882, Geol., Wis., 
vol. iv, p. 210. 

TVhitella meg ambon a ULRICH, 1890. AIDer. Geol., vol. vi. p. 384. 

Shell of medium size or less, oblique, subelliptical in outline, very gibbous, the con

vexity of the closed valves equalling very nearly the shorter of the oblique diameters, 

and about two-thirds of the distance from the beaks to the postero-basal extremity. 

Umbones very large, tumid, with the beaks strongly and obliquely incurved, their 

points being brought into close proximity; umbonal ridge prominent, subangular 

near the beaks but becoming obtuse in receding from them; point of greatest con

vexity somewhat behind the middle of the shell. Hinge line very short, posteriorly 

passing rather gradually into the posterior margin; the latter is somewhat oblique 

and broadly rounded to the base where the outline turns rather sharply forward into 

the basal line, which continues with a uniform curve to the narrowly rounded

almost angular--anterior extremity; the latter projects about one-ninth of the longer 

diameter of the shell beyond the anterior side of the umbones. Surface marked by 

irregular concentric lines of growth, and distant obscure undulations. Anterior to 

the umbonal ridge the surface is rather strongly convex, while the posterior and 

cardinal slopes are flattened and exhibit along the center a more or less distinct 

sulcus. Escutcheon very short and narrow. Internal ligament supports, unusu

ally long, in casts leaving a well defined furrow on each side of the hinge line, 

extending from the upper part of the posterior margin almost to the beaks. Car

dinal teeth apparently as in W. scofieldi. Anterior muscular scar shallow rather , 
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small, rounded, situated in the antero-dorsal angle. Posterior scar and pallial line 
undetermined. 

In most specimens there are two or three, thin, parallel and oblique ridges on 

each side at the extremity of the hinge. These opposed sets of ridges are separated 

by an interval in adult examples, but it is scarcely to be questioned that in an earlier 

stage in the development of the shell they represented posterior lateral teeth similar 

to those of Cyrtodonta. This fact must have an important bearing upon the question 

of genealogy, but, in the absence of any knowledge of similar types in earlier strata, 

it is not now possible to discuss it with anything like certainty of arriving at a true 
solution of the question. 

This is a well marked species and one that is not likely to be confounded with 

any of the associated shells. Its nearest congeners seem to be TV. scofieldi and W. 

sterlingensis M. and W., sp., the latter particularly, but in both of these species the 

umbonal ridge is more conspicuous and the outline different. The former again has 

a longer escutcheon and hinge, much larger anterior end and more prominent 

postero-cardinal angle, while in the latter the shell is more oblique, the posterior 

angle narrower, the cardinal area much wider and the beaks farther apart. 

Formation and locality.-Lower Trenton limestone, near Beloit, Wisconsin and Minneapolis, Minn. 

WHITELLA SCOFIELD! Ulrich. 

PLATE XLI, l1'IGS. 17-21. 

Whitella scofieldi ULRICH, ]890. Amer. GeoL, vol. vi. pp. 181 and 382. 

Shell of medium size, strongly convex, moderately oblique, subtrapezoidal m 

outline, with the hinge line longer, straighter and better defined than usual. Ante

rior end unusually long and wide, the outline gently rounded from the subangular 

junction with the hinge line; basal margin slightly convex, oblique, descending to the 

strongly rounded postero-basal angle; posterior margin subtruncate, slightly oblique 

and but little convex in the upper half. Umbones prominent, subcal'inate behind, with 

the beaks approximate, obliquely enrolled and situated a little more than one-third of 

the length of the hinge line behind its anterior extremity. The umbonal ridge is a 

conspicious feature, although becoming obsolete before reaching the postero-basal 

margm. Posterior to the ridge the surface is distinctly concave; in front and 

beneath it convex. Surface marked by rather distind concentric lines of growth, 

of which the marginal ones may, in old examples, assume a sublamellose character. 

Escutcheon high but narrow in a dorsal view, finely striated longitudinally and not 

extending anterior to the beaks. Internal ligamental supports appearing as a double 

ridge in each valve beneath the posterior half of the escutcheon. Anterior hinge 
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small, rounded, situated in the antero-dorsal angle. Posterior scar and pallial line 
undetermined. 

In most specimens there are two or three, thin, parallel and oblique ridges on 

each side at the extremity of the hinge. These opposed sets of ridges are separated 

by an interval in adult examples, but it is scarcely to be questioned that in an earlier 

stage in the development of the shell they represented posterior lateral teeth similar 

to those of Cyrtodonta. This fact must have an important bearing upon the question 

of genealogy, but, in the absence of any knowledge of similar types in earlier strata, 

it is not now possible to discuss it with anything like certainty of arriving at a true 

solution of the question. 

This is a well marked species and one that is not likely to be confounded with 

any of the associated shells. Its nearest congeners seem to be TV. scofieldi and W. 

sterlingensis M. and W., sp., the latter particularly, but in both of these species the 

umbonal ridge is more conspicuous and the outline different. The former again has 

a longer escutcheon and hinge, much larger anterior end and more prominent 

postero-cardinal angle, while in the latter the shell is more oblique, the posterior 

angle narrower, the cardinal area much wider and the beaks farther apart. 

Formation and locality.-Lower Trenton limestone, near Beloit, Wisconsin and Minneapolis, Minn. 

W RITELLA SCOFIELD! Ulrich. 

PLATE XLI, FIGS. 17-21. 

Whitella scofieldi ULRICH, ]890. Amer. Geol., vol. vi. pp. 181 and 382. 

Shell of medium size, strongly convex, moderately oblique, subtrapezoidal m 

outline, with the hinge line longer, straighter and better defined than usual. Ante

rior end unusually long and wide, the outline gently rounded from the subangular 

junction with the hinge line; basal margin slightly convex, oblique, descending to the 

Btrongly rounded postero-basal angle; posterior margin su btruncate, slightly oblique 

and but little convex in the upper half. Umbones prominent, subcarinate behind, with 

the beaks approximate, obliquely enrolled and situated a little more than one-third of 

the length of the hinge line behind its anterior extremity. The umbonal ridge is a 

conspicious feature, although becoming obsolete before reaching the postero-basal 

margm. Posterior to the ridge the surface is distinctly concave; in front and 

beneath it convex. Surface marked by rather distind concentric lines of growth, 

of which the marginal ones may, in old examples, assume a sublamellose character. 

Escutcheon high but narrow in a dorsal view, finely striated longitudinally and not 

extending anterior to the beaks. Internal ligamental supports appearing as a double 

ridge in each valve beneath the posterior h'alf of the escutcheon. Anterior hinge 
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teeth two in each valve, elongate, slightly curved, nearly horizontal. Muscular scars 

and pallial line faint, not well determined. 
This species is more convex and has a more distinct umbonal ridge than W. 

compressa, and a longer hinge line and larger anterior end than W. megambona, while 

the basal margin is more oblique and the anterior end much larger than in W. sub

carinata. 
Formation and locality.-Upper part of middle third of the Trenton shales, St. Paul, and near 

Cannon Falls, Minnesota. Also in the Trenton limestones (" Upper Buff beds") near Beloit, Wisconsin. 

WHITELLA TRUNCATA Ulrich. 

PLATE XLI. FIGS. 10-14. 

Whitella truncata ULRICH. 1890. Amer. Geol., vol. vi, p. 385. 

Shell small, very oblique, ventricose, subrhomboidal in a side view. Beaks 

nearly terminal, prominent, of moderate size, obliquely enrolled; umbones and 

umbonal ridge full, the latter angular and traceable to the postero-basal angle. 

Cardinal slope sharply defined and distinctly concave; anterior and basal slopes , 
slightly convex and very rapid. Anterior end very short, scarcely projecting beyond 

the beaks, narrowly rounded, then sloping rapidly backward and uniting very gradu

ally with the gently curved basal margin. Posterior end truncated, straightened, 

forming nearly a right angle with the hinge line, and one of from 75° to 80° with 

the ventral edge. Escutcheon narrow, not extending anterior to the beaks. In casts 

of the interior, the internal cartilage support leaves two narrow impressions, one on 

each side of the posterior half of the hinge line. Dentition of hinge not observed. 

Muscular scars very faint. 

Dimensions of a large cast of the interior: Greatest hight, 13 mm.; greatest 

convexity (near center of shell), ] 5 mm.; length from beaks to postero-basal angle, 

19 mm.; length from anterior extremity to upper portion of posterior margin, 15 mm. 

In a small specimen only 6 mm. high, the other dimensions are in proportion, except 
that the convexity is comparatively less. 

This species is closely related to W. scofieldi, but may be distinguished by its 

smaller size, greater convexity, truncated posterior end, shorter anterior end and 
more pronounced postero-ventral angle. 

Formation and locality.-Galena shales, Goodhue county, Minnesota. 

W HITELLA SUBCARINATA, n. sp. 

PLATE XLI, FIGS. 22 and ?2<1. 

This species is in many respects like W: truncata, but is readily distinguished by 

its lesser gibhosity, smaller beaks and more rounded shape. The umbonal ridge is 
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teeth two in each valve, elongate, slightly curved, nearly horizontal. Muscular scars 

and pallial line faint, not well determined. 

This species is more convex and has a more distinct umbonal ridge than W. 

compressa, and a longer hinge line and larger anterior end than W. megambona, while 

the basal margin is more oblique and the anterior end much larger than in W. sub

carinata. 
Formation and locality.-Upper part of middle third of the Trenton shales, St. Paul, and near 

Cannon Falls, Minnesota. Also in the Trenton limestones (" Upper Buff beds") near Beloit, Wisconsin. 

WHITELLA TRUNCATA Ulrich. 

PLATE XLI. FIGS. 10-14. 

Whitella truncata ULRICH. 1890. Amer. Geol., vol. vi, p. 385. 

Shell sman, very oblique, ventricose, subrhomboidal m a side VIew. Beaks 

nearly terminaJ, prominent, of moderate size, obliquely enrolled; umbones and 

umbonal ridge full, the latter angular and traceable to the postero-basal angle. 

Cardinal slope sharply defined and distinctly concave; anterior and basal slopes , 
slightly convex and very rapid. Anterior end very short, scarcely projecting beyond 

the beaks, narrowly rounded, then sloping rapidly backward and uniting very gradu

ally with the gently curved basal margin. Posterior end truncated, straightened, 

forming nearly a right angle with the hinge line, and one of from 75° to 80° with 

the ventral edge. Escutcheon narrow, not extending anterior to the beaks. In casts 

of the interior, the internal cartilage support leaves two narrow impressions, one on 

each side of the posterior half of the hinge line. Dentition of hinge not observed. 

Muscular scars very faint. 

Dimensions of a large cast of the interior: Greatest hight, 13 mm.; greatest 

convexity (near center of shell), ]5 mm.; length from beaks to postero-basal angle, 

19 mm.; length from anterior extremity to upper portion of posterior margin, 15 mm. 

In a small specimen only 6 mm. high, the other dimensions are in proportion, except 

that the convexity is comparatively less. 

This species is closely related to W. scofieldi, but may be distinguished by its 

smaller size, greater convexity, truncated posterior end, shorter anterior end and 

more pronounced postero-ventral angle. 

Formation and locality.-Galena shales, Goodhue county, Minnesota. 

WHITELLA SUBCARINATA, n. sp. 

PLATE XLI, FIGS. 22 and ?2J. 

This species is in many respects like W: truncata, but is readily distinguished by 

its lesser gibhosity, smaller beaks and more rounded shape. The umbonal ridge is 
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angular or sharply rounded and distinct quite to the postero-basal margin. An 

obscure furrow in the middle of the .flat cardinal slope: From W. ventricosa Hall, sp., 

which seems to be its nearest congener, it differs principally in the greater sharpness 

and prominence of the umbonal ridge. The anterior end is much too small and 

short for W. rugatina, W. concentrica and W. scofieldi. In each case other differences 

might be mentioned, but those selected will, it is believed, suffice. 

Greatest length, 23 mm.; distance from beaks to posterior extremity, 22.5 mm.; 

posterior hight, 16.5 mm.; thickness, 13 mm. Antero-ventral-postero-cardinal diam
eter, 17 mm. 

Figure 23 is taken from a doubtful left valve, obtained from the lower Trenton 

in Jo Daviess county, Illinois. As viewed now, this speGimen represents an ancestral 

form or variety of the present species from which also W. ventricosa, W. truncata and 

perhaps other species as well have been evolved. More and better material, however, 

is necessary before such a view of its relations can be consdered either as proved or 
disproved. 

Formation and locality.-The typical form is from the middle Galena near Wykoff, Minnesota. 

W HITELLA VENTRICOSA Hall. 

PLATE XLI, FIGS. 24-26. 

Edmondia ventricosa HALL, 1847. Pal. N. Y., vol. 1, p. ]55. 
Not Palcearca ventricosa, HALL, 1859. Pal. N. Y., vol. iii, p. 271, and Twelfth Rep. State Oab., 

pp. 10, 68 and 95. (?=Cyrtodonta hU1'onensis BILLINGS.) 
Not Cypricardites ventricosU8 HALL, ]862. Geol. Rep. Wis., vol. 1, P 438; nor WHITFIELD, 1882. 

Geol. Rep. Wis., vol. iv, p. 209. (=Cyrtodonta, sp., undet.) 

Believing that this species is represented among the undetermined fragmentary 

shells from Minnesota, I thought it well to give illustrations of authentic specimens 

from the Trenton of New York. These were received in an exchange some time 

ago. Quite recently I sent two of them to Prof. R. P. Whitfield, of the American 

Museum of Natural History, who compared them with the original types of the 

species.:and verified the identification. 

An examination of the New York examples established what I had already 

suspected from the original figures, namely, that the species is a true Whitella and 

not, as is commonly believed, a CYP'ricard·ites or Cyrtodonta. Its place in the genus 

will be seen at once, when compared with other species of the genus figured on 

plates XL and XLI. The shell was thin, the beaks were full and prominent, the 

umbonal ridge, though not as sharply defined as in many other species of the genus, 

is still a more conspicuous feature than in any species of Cyrtodonta, the hinge has a 

narrow externalligamental area or escutcheon, and ridge-like supports for a posterior 

internal ligament, but no posterior lateral teeth. In short, the species presents 

Whitella ventricosa.] 
LAMELLIBRA NOHIATA. 573 

angular or sharply rounded and distinct quite to the postero-basal marglll. An 

obscure furrow in the middle of the fiat cardinal slope~ From W. ventricosa Hall, sp., 

which seems to be its nearest congener, it differs principally in the greater sharpness 

and prominence of the umbonal ridge. The anterior end is much too small and 

short for W. rugatina, W. concentrica and W. scofieldi. In each case other differences 

might be mentioned, but those selected will, it is believed, suffice. 

Greatest length, 23 mm.; distance from beaks to posterior extremity, 22.5 mm.; 

posterior hight, 16.5 mm.; thickness, 13 mm. Antero-ventral-postero-cardinal diam

eter, 17 mm. 

Figure 23 is taken from a doubtful left valve, obtained from the lower Trenton 

in Jo Daviess county, Illinois. As viewed now, this speGimen represents an ancestral 

form or variety of the present species from which also W. ventricosa, TY. truncata and 

perhaps other species as well have been evolved. More and better material, however, 

is necessary before such a view of its relations can be consdered either as proved or 

disproved. 

Formation and locality.-The typical forill is from the middle Galena near Wykoff, Minnesota. 

W HITELLA VENTRICOSA Hall. 

PLATE XLI, FIGS. 24--20. 

Edmond'ia ventricosa HALL, 1847. Pal. N. Y., vol. 1, p. 155. 
Not Palmarca ventricosa, HALL, 1859. Pal. N. Y., vol. iii, p. 271, and Twelfth Rep. State Oab., 

pp. 10, 68 and 95. (?=Cyrtodonta hUTOnensis BILLINGS.) 
Not Oypricardites ventricosus HALL, 1862. Geol. Rep. Wis., vol. 1, p 438; nor WHITFIELD, 1882. 

Geol. Rep. Wis., vol. iv. p. 209. (=Oyrtodonta, sp., undet.) 

Believing that this species is represented among the undetermined fragmentary 

shells from Minnesota, I thought it well to give illustrations of authentic specimens 

from the Trenton of N ew York. These were received in an exchange some time 

ago. Quite recently I sent two of them to Prof. R. P. Whitfield, of the American 

Museum of N a,tural History, who compared them with the original types of the 

species_~and verified the identification. 

An examination of the New York examples established what I had already 

suspected from the original figures, namely, that the species is a true Whitella and 

not, as is commonly believed, a CypricaJ'dites or Cyrtodonta. Its place in the genus 

will be seen at once, when compared with other species of the genus figured on 

plates XL and XLI. The shell was thin, the beaks were full and prominent, the 

umbonal ridge, though not as sharply defined as in many other species of the genus, 

is still a more conspicuous feature than in any species of Cyrtodonta, the hinge has a 

narrow externalligamental area or escutcheon, and ridge-like supports for a posterior 

internal ligament, but no posterior lateral teeth. In short, the species presents 
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every essential characteristic of the genus Whitella. We cannot, however, say this 

of the specimens which were referred to the species by Hall in 1859 and 1R62, and 

Whithfield in 1882. since in these cases we are dealing with inequivocal types of 

Cyrtodonta. The interior figured by Hall in vol. iii, Pal. N. Y., as Palcearca ventricosa, 

is very different from the original Edmondia (now Whitella) ventricosa. That shell 

seems to belong to the species previously described by Billings as Cyrtodonta sub

carinata. The cast figured by Whitfield, if correctly represented, belongs to a species 

of Cyrtodl)nta as yet unknown to me. In his description, however, he included the 

species which I have named and described on page 537 as Cyrtodonta janesvillensis. 

Comparing W. ventricosa with other species of the genus, lV. subcarinata will be 

found to have a sharper and more prominent umbonal ridge. In W. rugatina and 

W. concentrica the anterior end is much larger; W. prrecipta is much parrower poste

riorly and a more elongate shell. 

Formation and locality. -In New York the species occurs in the Trenton limestone at Watertown, 
Middleville and other localities. If it really occurs in Minnesota, it will be, I think, in the middle 
Galena of Goodhue and Fillmore counties. 

W HITELLA PRlECIPTA Ulrich. 

PLA TE XLI, FIGS. 15 and 16. 

Whitella prcecipta ULRICH, 1890. Amer. Geol., vol. vi, p. 386; more fully described and figured in 
1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 246. 

Shell of medium size, ventricose, very oblique, elongate-ovate or subrhomboidal 

in a side view, produced and sharply rounded in the postero-basal region. Beaks of 

moderate size, prominent, strongly incurvec1; umbones full; umbonal ridge well 

marked, traceable almost to the posterior extremity. Anterior end small, short, 

narrowly rounded; ventral margin gently convex; posterior end produced and 

narrowly rounded in the lower part; from the point of greatest extension to the 

posterior side of the projecting umbones the outline is gently and almost uniformly 

convex. Hinge line comparatively short, its length less than half the length of the 

shell, the edge inflected to form a distinct escutcheon, extending somewhat in front 

of the beaks. In casts of the interior the internal ligament supports have left 

distinct impressions of unusual width on each side and behind the impression pro

duced by the escutcheon. An obscurely defined ridge and sulcus is also to be seen 

running through the middle of the cardinal slope. Anterior muscular scar faint, 

subovate, acuminate below, situated very near the anterior extremity. Pallial line 

represented by a thin raised line running parallel with the margin of the cast. 

This species is very similar to W. obliquata Ulrich, from the upper beds of the 

Cincinnati group, yet I do not doubt that they are really quite distinct species. 

That species grows to a larger size, is less elongate, wider posteriorly and with the 
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every essential characteristic of the genus Whitella. We cannot, however, say this 

of the specimens which were referred to the species by Hall in 1859 and 1862, and 

Whithfield in 1882. since in these cases we are dealing with inequivocal types of 

Cyrtodonta. The interior figured by Hall in vol. iii, Pal. N. Y., as Pala;arca ventricosa, 

is very different from the original Edmondia (now Whitella) ventricosa. That shell 

seems to belong to the species previously described by Billings as Cyrtodonta sub

carinata. The cast figured by Whitfield, if correctly represented, belongs to a species 

of Cyrtodl)nta as yet unknown to me. In his description, however, he included the 

species which I have named and described on page 537 as Cyrtodonta janesvillenf:!is. 

Comparing W. ventricosa with other species of the g-enus, 1iV. subcarinata will be 

found to have a sharper and more prominent umbonal ridg-e. In W. rugatina and 

W. concentrica the anterior end is much larger; W. prrecipta is much parrower poste

riorly and a more elongate shell. 

Formation and locality. -In New York the species occurs in the Trenton limestone at Watertown, 
Middleville and other localities. If it really occurs in Minnesota, it will be, I think, in the middle 
Galena of Goodhue and Fillmore counties. 

W HITELLA PRlECIPTA Ulrich. 

PLATE XLI, FIGS. 15 and 16. 

Whitella prcecipta ULRICH, 1890. Amer. Geol., vol. vi, p. 386; more fully described and figured in 
1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 246. 

Shell of medium size, ventricose, very oblique, elong-ate-ovate or subrhomboidal 

in a side view, produced and sharply rounded in the postero-basal region. Beaks of 

moderate size, prominent, strongly iucurvec1; umbones full; umbonal ridge well 

marked, traceable almost to the posterior extremity. Anterior end small, short, 

narrowly rounded; ventral marg-in gently convex; posterior end produced and 

narrowly rounded in the lower part; from the point of greatest extension to the 

posterior side of the projecting umbones the outline is gently and almost uniformly 

convex. Hinge line comparatively short, its length less than half the length of the 

shell, the edge inflected to form a distinct escutcheon, extending so mew hat in front 

of the beaks. In casts of the interior the internal ligament supports have left 

distinct impressions of unusual width on each side and behind the impression pro

duced by the escutcheon. An obscurely defined ridge and sulcus is also to be seen 

running through the middle of the cardinal slope. Anterior muscular scar faint, 

subovate, acuminate below, situated very near the anterior extremity. Pallial line 

represented by a thin raised line running parallel with the margin of the cast. 

This species is very similar to TV. obliquata Ulrich, from the upper beds of the 

Cincinnati group, yet I do not doubt that they are really quite distinct species. 

That species grows to a larger size, is less elongate, wider posteriorly and with the 
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umbones less tumid and not so prominent. The impressions of the internal liga

ment supports also are very much less distinct. W. subcarinata is not so obltque, 

shorter and has a longer hinge and n~rrower escutcheon. 

Formation and locality.-Galena shales near Cannon Falls, Minnesota. 

Family ? MEGALODONTIDJE, Zittel. 

Genus PLETHOCARDIA, Ulrich. 

Plethocm-dia, ULRICH, ]892. Nineteenth Ann. Rep. Geol. and Nat. Hist. Sur. Minn., p. 243. 

Shell thin, in equilateral, oblique, tumid, with margins closed; beaks large, 

prominent, spirally enrolled and curving forward. Po"terior cardinal margin with 

a narrow escutcheon or lunette. A strong and large process projects forward and 

downward froin the underside of the hinge just beneath the beak in each valve; one 

strong linear lateral tooth, or thickened internal cartilage support, beneath the 

posterior extremity of the hinge line and close to the margin. Anterior muscular 

scar strongly impressed, situated in the antero-dorsal angle, margined on the inner 

side by a curved ridge extending from the under side of the cardinal process. In 

casts of the interior the filling of the anterior impressions forms a small but sharply 

defined lobe. Posterior muscular scars indistinct. much larger than the anterior, 

situated just behind the center of the postero-cardinal slope. Pallial line simple, 

submarginal, faintly impressed. 

Type: P. umbonata Ulrich. 

In the original description of this genus and of the typical species, I called the 

subrostral process a cardinal tooth. This view I now believe to be at variance with 

the facts, for the reason that the supposed tooth does not project beyond the plane 

of the margins of the valve and therefore could not have interlocked with a corres

ponding tooth or teeth in the opposite valve. In the left valve, upon which the 

genus and P. umbonata was established, this process was somewhat injured in clear

ing away the adhering matrix. It is, however, sufficiently preserved to show that 

it had one large transverse depression in the lower part (for which reason it was 

described as bifid) and probably one or two in the upper part. In an imperfect right 

valve, recently obtained from Kentucky, the process is similarly marked with a large 

depression in the lower part and two (perhaps three) smaller prominences above. 

In neither specimen are the upper prominences in a sufficiently good state of pres

ervation to admit of positive declarations respecting their character and purpose. 

Still it is reasonable to suppose that they represent hinge teeth perhaps similar to 

those of Whitella, especially since they lie just within the line of the hinge. As to the 

lower part of the process, why should it not have supported an internal cartilage~ 
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The shells of this genus present considerable external resemblance to those 

of Whitella, Ulrich. As a rule they will probably prove shorter, more erect and 

comparatively more ventricose. I believe also that Whitella offers closer affinities 

than any other genus yet known, and I can see that it may prove difficult in some 

cases to distinguish species of the two genera when the internal characters are not 

available. Of course such difficulties cannot obtain when the diagnostic characters 

of the hinge are preserved, since the strong subrostral process of Plethocardia is too 

~arked a feature to be overlooked in comparing the two genera. Good casts of the 

interior even are easily distinguished by the presence of the small lobe beneath and 

in front of the beaks of Plethocardia, the muscular impressions being very much less 

distinct in the casts of Whitella. In the posterior part of the hinge, however, as 

well as in other respects, the two genera are practically the same. 

It seems to me more than doubtful that Plethocardia belongs to the family 

Megalodontidce. A general resemblance to those heavy and strongly-hinged Devonian 

and Triassic shells, which are included in the family by Zittel, may at first strike 

one, but a critical comparison brings out too many important differences. I adopted 

the above provisional arrangement chiefly that attention may be directed to the 

genus as a possible progenitor of a remarkable family of shells. 

PLETHOCARDIA UMBONATA Ulrich. 

PLATE XL. FIGS. 22-24. 

Plethocardia umbonata ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Hist. Sur. Minn., p. 244. 

Shell about 25 mm. in length, strongly ventricose, obliquely sub ovate in a side 

view, widest posteriorly; beaks large, very prominent, inrolled; umbonal ridge angu

lar, traceable to the postero-basal margin; cardinal slope narrow, rather sharply 

defined, concave. Anterior end very short, nearly ventrical, sharply rounded above; 

dorsal margin arcuate, graduating into the posterior curve; the latter is produced 

slightly in the lower part and accelerated as it turns into the broadly convex ventral 

margin. Surface marked with concentric lines of growth, some of them strong. 

Escutcheon narrow, extending backward from the beaks nearly to the posterior 

extremity of the hinge. Subrostral cardinal process large, projecting obliquely for

ward from the lower side of the hinge, with one large depression (~internal cartilage 

pit) in the lower half and several smaller ones (? teeth sockets) above. A strong, 

ridge-like thickening of the shell, probably representing either a postero-lateral 

tooth or the support of an internal ligament, occurs just within the postero-cardinal 

margin. Anterior adductor mnscular scar situated in a cup-like depressi~n formed 

by a curved ridge which proceeds from the under side of the cardinal process and 
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the antero-cardinal margin of the shell; posterior scar indistinct, larger than the 

anterior, situated a short distance beneath the post-cardinal margin. Pallial line 
faint, simple, submarginal. 

It is possible that this species is not distinct from the Cyrtodonta cordifonnis of 

Billings. His figures of that species looks so much like the shell above described 

that I am nearly satisfied that they must be congeneric at least. It might be :t 

Whitella, but it is not a true Cypricardites. Compared with P. wnbonata it appears 

that in the Canadian shell the beaks are situated farther back from the anterior 

extremity, the umbonal ridge is rounded instead of angular and the outline different, 

especially that of the posterior end, which is also wider. 

Formation and locality.-Upper part of the middle third of the Trenton shales six ruiles ,'Dutb 
of Oannon Falls, Minnesota. Also in cherty limestones of the age of the Black River limestone of 
New York, in Mercer county, Kentucky. 

PLETHOCARDIA SUBERECTA Ulrich. 

PLATE XL, FIGS. 25-27. 

Plethocardia suberecta ULmeR, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 245. 

Shell small, but little oblique, exceedingly ventricose, short, subelliptical in a 

side view, with the dorso-ventral diameter much the longest. Beaks very prominent, 

large, strongly incurved. nearly terminal; umbonal ridge strong, sharply rounded, 

with the cardinal and posterior slopes very abrupt and nearly flat. Anterior end 

very short, the part in front of the beaks of casts consisting chiefly of the sharply 

defined lobe-like filling of the anterior muscular impressions. Anterior and poste

rior margins gently convex, subparallel; ventral edge sharply rounded. Hinge line 

short, scarcely extending posterior to the umbonal ridge, as seen in a side view. In 

the casts there is a depression beneath each beak that is prolonged on each side 

around the muscular scar. The escutcheon seems to have been narrow, but the 

internal ligament supports at the posterior end of the hinge line have left two 

strong grooves, one on each side. 

This species, though clearly congeneric with P. umbonata, is so readily distin

guished that comparisons are unnecessary. 

Formation and locality.-Galena shales near Oannon Falls, Minnesota. 
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Family NUCULIDlE. 

Genus CTENODONTA, Salter. 

Nucula. HALL, 1843. Geol. Rep. Fourth Dist. N. Y., p. 76; Amer. Jour. Sei., vol. XLVIII, p. 292; 
]847, Pal. N. Y., vol. 1, pp. 150 and 316. 

Lyrodesrna (part.), HALL, 1847. Pal. N. Y., vol.l, p. 302. 
Tellinomya, HALL, 1847. Pal. N. Y., vol. 1, p. 151; ]857, Tenth Ann. Rep. Reg. Univ. N. Y., p. 181; 

also of the majority of American paleontologists since that date. 
(Not Tellinomya, the correct form of Tellirnya, BROWN, 1827, as given 
by AGASSIZ in 1846 in his" Nomenclator Zoologieus.") 

Otenodonta, SALTER, 1851. Rep. Brit. AS'3oe., p. 36; 1859, Can. Org. Rem., Decade i, p. 34. 
Palceoconcha, S. A. MILLER, 1889. North Amer. Geol. and Pal., p. 498. 

Shell equivalve, closed, usually largest anteriorly;:+ occasionally subequilateral, 

with the beaks situated sometimes behind the middle, but usually more or less in 

front of that point; surface marked by concentric lines of growth; bea.ks approxi

mate, generally small and never very prominent. Ligament external, rather small, 

situated immediately behind the beaks; no striated area nor internal cartilage pit. 

Hinge more or less arcuate, sometimes very gently, at other times bent almost at a 

right angle; with series of small curved or geniculated transverse teeth, which 

diminish in size more or less gradually from the extremities to the beaks; the 

series a.re continuous and gradually pass into each other in the typical section of 

the genus, but in other sections they are often interrupted beneath the beaks. 

Adductor muscular impressions two in each valve, subequal, nearly always readily 

distinguishable, and sometimes very deeply impressed, situated just beneath the 

anterior and posterior extremities of the hinge; scars of small foot-rp-uscles have 

been observed in a number of species, one immediately above or in front of each of 

the adductor scars; pallial line indistinct, simple, submarginal. 

Type: C. (Tellinomya) nasuta Hall. 

Several reasons have operated in the rejection of Hall's earlier name Tellinomya 

in favor of Salter's Ctenodonta. First among these is the fact that Tellinomya was 

used for a totally different group of shells at least one year previous to the date of 

publication of the first volume of Hall's Paleontology of the state of New York, 

namely, in 1846 by Agassiz, in his "Nomenclator Zoologicus," when he catalogued 

the correct form of the incorrectly constructed generic name Tellimya, which had 

been proposed by Brown in 1827. Believing that such corrections are allowable, I 

am obliged to hold that Tellinomya, Hall, cannot stand under the rule relating to 

• It is quite difficult to e~tablish whic~ is the auterior end in these shells. For the sake of uniformity I have, in 
each case, assumed tbat the hIgber end (it IS usually also tbe rounder) is the anterior. It may be well to) state moreover, 
that I am not at >111 satisfied that tbis rule should apply in the C. recurva section of tbe genus, nor that Salte;, Meek and 
Worthen, Hall and others wbo have described slJecies of that section, are rigbt in assumino- tbat the side toward which 
the. beaks are turned is th~ posterior. Though I have fOllowed tbese authorities, I have done" so chiefly because it seemed 
desITable, at any rate untIl the genus was worked up monographically, to have our descriptions as uniform as possiole. 
Had I followed my own InclInatIOn It would ~a ve been to revel'se, in this case, the present application of anterior and 
posterIOr, upon. t~e ground that t.be exte,:,nal IIgamen~ was situated upon the covex half of the hinge instead of the con
eave. That thIS IS really a fact IS, I belIeve, conclUSIvely shown in C. reellrva. (See plate XLII, fig. 101.) 
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preoccupied names. Salter objected to the adoption of Hall's name, because it was 

inappropriate and conveyed" an entirely erroneous view of the affinities." This of 

itself certainly would not be sufficient to invalidate the name, yet some weight 

attaches to it when considered in connection with other defects. Salter justly 

observes that "the chief characters of the genus reside in the hinge and teeth, 

which are neither figured nor described by him (Hall), casts only of the interior and 

external surface having been given in the plates of his excellent work, nor was the 

external ligament observed." This is all strictly true and, what is more, it is scarcely 

to be doubted that if Hall had observed the nuculoid character of the hinge he would 

not have proposed Tellinomya. He would have placed the species under Nucula or 

possibly Lyrodesma, that being the arrangement adopted by him in all cases where 

he did see the ctenodontoid hinge. Nor can we doubt that Ctenodonta was acceptably 

described at least five years before Tellinomya, Han, was redefined in accordance 

with the true character of the shells upon which the genus was founded originally. 

Finally, the original description of Tellinomya was so totally at variance with the 

facts that Salter could not for a moment be blamed for failing to recognize the 

identity of T. nasuta and the shell which he proposed to call Ctenodonta. 

Taking all these defects of Tellinomya into consideration, I do not see how we 

can do otherwise than adopt Ctenodonta in preference to Hall's name. Had Tellin

omya not been preoccupied I would have suggested another solution of the difficulty, 

namely, to subdivide the genus so that both names might be used, at least provision

ally, Tellinomya for the typical group of species and Ctenodonta for the higher and 

round or subtriangular forms like C. astart~formis Salter. But being preoccupied, 

there is no room for Tellinomya in this connectIOn. 

Taken as a whole, the genus Ctenodonta is a remarkably complex group of 

species. This may perhaps be accounted for by the great number of the recog

nizable forms, yet it is more likely the result of too great an expansion of the 

generic limits. Indeed, the variety of characters exhibited in the genus as now 

accepted is so great that it is difficult to draw up a satisfactory description without 

becoming unusually circumstantial. 'l;hus, there are elongate shells and others in 

which the length is exceeded by the hight. In many the outline is elliptical, in some 

subrhomboidal, in others rounded and in a few subtriangular. In some the umbones 

are compratively large and full, in others very small, and the beaks may be turned 

'either forward or backward. Internally the structure is equally diverse. The hinge 

plate may be narrow or broad, nearly straight or bent rectangularly, and with out

wardly or inwardly bent denticles. The latter, though always smallest near the 

beaks, may form a continuous series from one end of the hinge to the other, or the 

continuity of the series may be interrupted beneath the beak. This interruption 
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may be produced, without materially aflecting the arrangement of the teeth, by the 

development of a small pit immediately beneath the beak (see plate XLII, fig. 80), 

or the teeth may be so arranged that the two series of teeth are directed at almost 

right angles to each other (see plate XLII, figs. 39, 90, 101 and 102). Finally, the 

shell is often very thin and the muscular scars barely distinguishable, while in other 

forms the shell may be thick and the muscular imprints exceedingly strong. 

In the present work I have allowed all these divergent types to remain under 

the single genus Ctenodonta. This does not, however, say that I could not have sub

divided the genus into several, nor that I do not believe that sueh a course will 

eventually be considered not only possible but desirable. Meek and Worthen long 

ago* expressed themselves as favoring a separation of the subtriangular forms like 

C. alta Hall, from the more typical ovate or elongate species. And Dr. S. A. Millert 

quite recently proposed the new genus Palceoconcha • for one of the species of that 

group. He did so, however, under the misapprehension that the hinge of the species 

described by him is edentulous; so his evidence on the point is much weakened, for he 

would, most likely, not have proposed his genus had he understood the hinge fully. 

For the reason about to be mentioned, I am probably in a better position than 

anyone else to speak of the possible subdivisions of this genus, namely, my efforts 

to collect a large mass of material have been successful, not only in the way of 

individuals, but in adding very greatly to the number of known species. Indeed, 

the Lower Silurian species in my cabinet outnumber the forms described previous 

to 1890 more than two to one. I believe, therefore, that with the careful study that 

has been given to this abundance of material, I am able to discriminate in a fairly 

trustworthy manner between the important and unimportant characters, to approx

imate truth in my views of the inter-relations of the species and to understand some 

of the genetic questions involved in the development of the family. 

The Lower Silurian species may be arranged in six more or less well marked 

groupEl, as follows: 

1. C. nasuta group. 

Elongate shells, narrow posteriorly, beaks subcentral; muscular scars moder

ately or distinctly impressed, hinge but slightly arcuate, teeth in a continuous 
series, straight or bent outwards. 

Species: nasuta Hall, nasuta, var. robusta Ulrich, subnasuta Ulrich, oviformis Ulrich, 

cunei/ormis Ulrich, regia, n. sp., itennesseensis, n. sp., appressa, n. sp., crandalli, 
n. sp., iphigenia Billings. 

* Geol. Sur. Ill., vol. iii, p. 309; 1868. 
tNorth American Geology and Paleontology, p. 498; 1891. 
* Th~ new specie~, which ~re. not described in thi~ w~rk. nor in vol. vii of the Ohio Geological Survey reports, are 

marked Simply as n. sp: DescriptIOns of ~hes? forms Will, It IS hoped, be published at an early date, the plate on which 
they are illustrated bemg ready for publicatIOn. 
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II. C. gibberula group. 

Shells usually short, thick, with very strongly defined muscular impressions; 

hinge strongly bent, with the series of denticles interrupted beneath the beaks; 

teeth straight or curving outward. 

Species: gibberula Salter, contracta Salter, angela Billings, carinata Ulrich, planodor

sata Ulrich, longa Ulrich. 

III. C. levata group. 

Shells usually of ovate form, rather thin, with muscular scars moderately dis

tinct; denticles converging inward, forming a con~inuous series in the Trenton 

species. In the Hudson River forms, however, the series is more or le8s interrupted 

by the development of a small ?nd undefined pit just beneath the beak. 

Species: levata Hall, donaciformis Hall, abrupta Billings, nitida Ulrich, medialis Ulrich, 

scofieldi Ulrich, socia lis Ulrich, hartsvillensis Safford, danvillensis, n. sp., retrosa 

Ulrich, filistriata Ulrich, albertina Ulrich, simulatrix Ulrich, tumida, n. sp., 

madisonensis Ulrich, fecunda Hall, calvin Ulrich, mundu,la, n. sp., perminuta 

Ulrich, nuncul~formis Hall, ? hilli Miller. 

IV. C. pectunculoides group. 

Shells subcircular, compressed-convex, ~eaks very small; hinge plate strong, 

regularly arcuate; teeth in a continuous series. 

Species: subrotunda Ulrich, circularis, n. sp., pectunculoides Hall, cingulata Ulrich, 

pulchella Hall. 

V. C. ?'ecurva group. 

Shells high, the lower half semicircular, the upper subtriangular; hinge plate 

rather strong, bent at nearly a right angle, the (~) anterior part convex, the (~) 

posterior concave; denticles in two distinct series, arranged transversely on the 

plate and therefore at widely different angles on the two parts of the hinge. 

Species: compressa Ulrich, arstartiformis Salter, intermedia Ulrich, alta Hall, obliqua 

Hall, 

VI. C. logani group. 

Thin gibbous shells, with sub central large beaks; muscular scars faint; hinge 

but little arcuate, the denticles in continuous series, bent inward. 

Species: log ani Salter, dubia Hall, gibbosa Hall, ? ovata Hall. 

Group I, the typical section of the genus, seems to be strictly confined to Lower 

Silurian deposits and embraces the largest known representatives of the family 

Nuculidce. Group II appears to be even more restricted in its range, being unknown 
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above the top of the Trenton. Group III is by far the largest section of the genus 

both in its specific and individual development. It may justly be called the nuculoid 

section, since not only the general expression of the shell is decidedly like Nucula, 

but its internal characters likewise approach those of that remarkably persistent 

type more clo:sely than is the case with any of the other groups here defined. I 

think that the evidence indicates very strongly that Nucula was developed from this 

stock. As is well known, that genus is distinguished from Ctenodonta chiefly in 

having a small but well defined internal cartilage pit immediately beneath the 

beaks. N ow, although in the Trenton form~ of Group III the hinge denticles form 

a perfectly continuous series, this cannot be said of the Hudson River species. In 

many, if not all, of these, namely, the series of teeth are more or less distinctly 

interrupted beneath the beaks by the incipient development of an at least similar 

pit. So far as it is possible to say, true species of Nucula occur in the Devonian, so 

it is but natural to assume that the missing links between them and the Ctenodonta 

levata group of species are to be found in the intervening Upper Silurian deposits. 

But here we meet with an obstacle in the fact that none of the Upper Silurian shells 

that have been referred to Ctenodonta (Tellinomya) and Nucula*, with the possible 

exception of Tellinornya curta Hall, of the Clinton group, belong to the C. levata 

section. It does not, however, follow that such species did not exist, though we 

must admit that it is a strange, if not ar significant fact that they have not yet been 

found. Still, the significance of their absence is lessened when we consider that the 

Upper Silurian deposits throughout are relatively poor in remains of Lamellibran

chiata. It is also to be remarked that the forms which have occurred belong chiefly 

to families widely different from the Nuculidce. It is possible that the Devonian 

genera Palceoneilo and Nuculites also came from this stock, such a development being 

faintly indicated by C. lecunda and C. nuculilorrnis; but taking all the characters 

into consideration, and the direction of the variation that may be followed into the 

lower divisions of the Upper Silurian, Clidophorus seems to me a more likely ancestor 
for those genera. 

Group IV may be a departure from the C. recurva group, but, as it seems to me 

to be a more primitive type, I would rather consider the relation as reversed. The 

only objection to the latter arrangement may be removed at any time, since it is 

nothing more than that C. compressa, a typical species of the recurva group, has been 

found somewhat lower in the Trenton formation than the earliest known member 
of the pectunculoides group. 

*Very little is known of rhe hinge of the Up. S1I. species that have been ref r 
so that we are justified In d()ll])tin~ tbat tbey real! bIer ed to TeW;nomya by Hall and others. 
are much more like Pa/rooneilo tba: Ctenodonta. . Y e ong to the genus. Those known to possess a denticulated hinge 
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Group V is probably the most distinct of all these sections. It is certainly the 

least variable and the easiest to recognize, the Astarte-like form of the shells alone 

being sufficiently diagnostic. The subrostral interruption of the hinge dentic1es is 

very distinct and the point is often marked by a sort of pit, quite undefined, however, 

that may have lodged an internal cartilage. Nucula may really have been evolved 

from this type, since it would have required but a slight modification of the hinge, 

a depression or lengthening of the form, and a filling of the umbones. As it is, 

C. recurva is nearer Nucula than it is to C. nasuta, but several species of the levata 

section approximate that genus even more closely, so that we are obliged to regard 

the balance of the evidence to be in favor of the levata group, unless both the 

groups have contributed to make Nucula as now understood. 

Of Group VI only C. logani is well known, so we cannot say much about affin

ities. The species are all Trenton, and their general aspect is quite different from 

the other groups. 

It is an interesting fact that all of these sections are represented already in the 

lowest geological division (considering the Birdseye and Black River limestones as one) 

in which the genus makes its first known appearance; the nasuta group with the species 

tennes8eensis and nasuta, the gibberula group by all of its species except C. carinata, 

the levata group by at least five species, the petunculoides group by the specieEl 

subrotunda, the recurva group by C. compressa, and the sixth group by C. logani. 

Each group again is as sharply marked in these first species as it is at any subse

quent time; nor have we any evidence to aid us in deciding which of the six groups 

is the most like the primitive stock. It is evident, therefore, that a long line of 

forms of this type must have existed in the ages preceding the Birdseye of which we 

now have no knowledge whatever. The same remarks apply almost equally well 

to the other families of Lamellibranchiata, and one of the most remarkable facts in 

paleontology is the almost total absence of the class in the Calciferous, especially 

when we consider that that formation abounds in Gastropoda and Cephalopoda. 

I have carried on a number of very interesting comparisons between the species 

of Ctenodonta and certain forms of recent genera like Neilo, Malletia and Sa'repta, three 

nuculoid genera, and Axinwa and other Arcidw. If this work was not already growing 

beyond the limits alloted to it, I would gladly give the results of these comparisons 

here fully, but under the circumstances I am obliged to restrict myself to a few 

general remarks. The three nuculoid genera mentioned are very similar indeed to 

the C. nasuta group of species, the first and second differing chiefly in having a sinu

ated pallial line, while the third has an internal cartilage pit beneath the beaks like 

Nucula. Certain Uretaceous species of AxinlEa (e. g. A. sulplanata Stoliczka) are strik

ingly similar to the C. pectunculoides section, the only difference of real consequence 
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being the presence of a low triangular striated area between the beaks and the hinge 

in the AX'ina:a. Other Arcid(e present almost equally close resemblances to C. logani. 

Aside from the ligamental area the principal characters of Arca and Isoarca are 

practically the same as in one or another species of Ctenodonta. 
We have then three families of recent shells (as defined by Stoliczka) anyone or 

all of which, and I believe it is the latter, may have been derived from this early type. 

C. nasuta section. 

CTENODONTA NASUTA Hall. 

PLATE XLII, FIG, 130, 

Tellinomya naS1tta HALL, 1847. PaL N. Y., vol. 1, p, 152; 1857, 'I'enth Rep't. Reg. Univ. N, Y., 
p. 183, ? fig. 2. (Figures 1 and 3 not strictly nasuta,) 

Ctenodonta logani SALTER, 1851. British Asso. Rep., p. 63. (Not, C, log ani Salter, 1859.) 
Isoarca logani WOODWARD. Manuel Shells, p. 269, 
Ctenodonta nasuta SALTER, 1859. Can. Organic Remains, Dec. I, p. 35. 

Shells transversely elongate subovate, the length one-twentieth or more greater 

than twice the greatest hight; beaks rather small, not very prominent, incurved, 

situated about one-twelfth of the entire length in front of the middle; anterior end 

large, broadly and regularly rou'i:tded; posterior end produced, tapering, rather nar

rowly rounded at the extremity; cardinal margin nearly straight, basal line broadly 

convex except for some distance behind the middle where it is straight or more 

often gently sinuate. Greatest thickness near the middle of the anterior half, 

equalling about one-third of the length of the shell. Umbones moderately inflated, 

the posterior cardinal slope defined by an obscure umbonal ridge, very abrupt for a 

short distance behind the beaks, more so than on the anterior side; a broad and very 

shallow sulcus crosses the valves obliquely from the umbones to the contraction in 

the base. Ligament attached in a sharply defined groove on each side of the hinge 

line, extending from the beaks about one-third of the distance to the posterior 

extremity. Surface marked with obscure concentric lines. 

The test being thin, casts of the anterior look much like the exterior of the shell 

itself. The muscular scars are faintly impressed and usually determined with difficulty 

on all except the largest casts. The denticulated part of the hinge is comparatively 

short, being but 21 mm. in length in a specimen 56 mm. long. Its upper margin is 

nearly straight, but the lower side is rather distinctly biconvex, the plate being con

stricted beneath the Leaks to little more than half of its width on each side. The 

denticles form a continuous series, are small and vertical beneath the beaks, slightly 

oblique in front of them, and strongly curved outwards behind them. The entire 

serie~, so far as observed, contains twenty-seven to twenty-nine teeth, divided almost 
equally with respect to the beak. 
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None of the northwestern specimens of this species seen by me quite reach a 

length of 40 mm., the average being about 25 mm. In Canada they grew to much 

greater size, some of the specimens from Pauquette's Rapids on the Ottawa river 

having a length of more than 60 mm. 

Associated with this species in Wisconsin and at Pauquett's Rapids there is a 

form which, though it has been identified unreservedly with C. nasuta by Hall and 

others, I find to be not strictly identical with that species. The anterior end is higher 

and larger, and the posterior end shorter, so that the beaks, instead of being in front 

of the midlength, are a trifle behind that point, the muscular impressions are deeper, 

and the hinge plate is on the whole narrower and much less constricted in the mid

dle. This form, for which I propose the varietal designation robusta, was figured by 

Prof. Hall in the Tenth Annual Report of the Regents of the University of New York 

on page 183 as Tellinomay nasuta. He figures two specimens of which the smaller 

may belong to nasuta. The larger example, however (figures 1 and 3), I refer to the 

variety robusta, and I do so with the utmost confidence, the specimen being in my 

possession at this moment. At Pauquette's Rapids the variety attains about the 

same size as the typical form of species, but in Wisconsin it is much the larger. 

N ear the top of the Trenton in Kentucky there is a form, that I shall call C. regia, 

which seems to represent the culmination of the differentiation begun in the variety 

robusta. In this Kentucky species the hight is even a trifle greater, the base is not 

sinuate, the muscular scars are very deep, and the hinge plate stronger than in both 

the variety and the typical form of nasuta. 

Formation and locality.-O. nasuta occurs sparingly in the lower Trent,on limestone at MinneapoliS 
and in the middle third of the Trenton shales in Goodhue county. Minnesota. In Wisconsin the species 
is more abundant in the" Lower Blue" and the" Upper Buff" limestones at Beloit, Janesville and Min
eral Point. It has also been found in the same beds at Dixon and other localities in Illinois. In Canada 
it occurs in the Black River and Trenton limeiltones at Ottawa and numerous other points. The original 
tv pes of the species came from the Trenton limestone at Middleville and Trenton Falls, New York, alld 
it is catalogued by Prof. J. M. Safford among the fossils of his" Central," "Glade" and;' Carter's Creek" 
limestones in Tennessee. Variety robusta occurs at Pauquette's Rapids near Ottawa, Canada, and in t,he 
"Upper Buff" limestone at Beloit, Wisconsin. 

Mus. Reg. No. 8317; var. robu,sta, 8315. 

CTENODONTA SUBNASUTA, n. sp. 

PLATE XLII, FIGS. 34-36. 

This shell is no doubt closely related to C. nasuta, but, aside from its much 

smaller dimensions, it differs in several particulars that have seemed of sufficient 

importance to merit specific recognition. Thus the posterior end is somewhat 

longer, the beaks being placed farther in front of the middle, the anterior end is 

more obtuse in a dorsal view, the beaks are turned anteriorly rather than backward, 

the lower margin of the hinge plate is almost straight instead of biconvex, while 
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None of the northwestern specimens of this species seen by me quite reach a 

length of 40 mm., the average beiug about 25 mm. In Canada they grew to much 

greater size, some of the specimens from Pauquette's Rapids on the Ottawa river 

having a length of more than 60 mm. 

Associated with this species in Wisconsin and at Pauquett's Rapids there is a 

form which, though it has been identified unreservedly with C. nasuta by Hall and 

others, I find to be not strictly identical with that species. The anterior end is higher 

and larger, and the posterior end shorter, so that the beaks, instead of being in front 

of the midlength, are a trifle behind that point, the muscular impressions are deeper, 

and the hinge plate is on the whole narrower and much less constricted in the mid

dle. This form, for which I propose the varietal designation robusta, was figured by 

Prof. Hall in the Tenth Annual Report of the Regents of the University of New York 

on page 183 as Tellinomay nasttia. He figures two specimens of which the smaller 

may belong to nasuta. The larger example, however (figures 1 and 3), I refer to the 

variety robusta, and I do so with the utmost confidence, the specimen being in my 

possession at this moment. At Pauquette's Rapids the variety attains about the 

same size as the typical form of species, but in Wisconsin it is much the larger. 

N ear the top of the Trenton in Kentucky there is a form, that I shall call C. regia, 

which seems to represent the culmination of the differentiation begun in the variety 

robusta. In this Kentucky species the hight is even a trifle greater, the base is not 

sinuate, the muscular scars are very deep, and the hinge plate stronger than in both 

the variety and the typical form of nasuta. 

Formation and locality.-O. nasuta occurs sparingly in the lower Trent,on limestone at Minneapolis 
and in the middle third of the Trenton shales in Goodhue county, Minnesota. In Wisconsin the species 
is more abundant in the" Lower Blue)) and the" Upper Buff" limestones at Beloit, Janesville and Min
eral Point. It has also been found in the same beds at Dixon lwd other localities in Illinois. In Oanada 
it occurs in the Black Ri ver and Trenton lime.3tones at Ottawa and numerous other pOints. The original 
types of the species came from the Trenton limestone at Middleville and Trenton Falls, New York, aIlcl 
it is catalogued by Prof. J. M. Safford among the fossils of his" Oentral," "Glade" and" Oarter's Creek" 
limestones in Tennessee. Variety j'obusta occurs at Pauquette's Rapids neal' Ottawa, Canada, and in t,he 
"Upper Buff" limestone at Beloit, Wisconsin. 

Mus Reg. No. 8317; var. rObl&sta, 8815. 

CTENODONTA SUBNASUTA, n. Sp. 

PLATE XLII, FIGS. ;;4-ao. 

This shell is no doubt closely related to C. nasuta, but, aside from its much 

smaller dimensions, it differs in several particulars that have seemed of sufficient 

importance to merit specific recognition. Thus the posterior eud is somewhat 

longer, the beaks being placed farther in front of the middle, the anterior end is 

more obtuse in a dorsal view, the beaks are turned anteriorly rather than backward, 

the lower margin of the hinge plate is almost straight instead of biconvex, while 
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the denticles are relatively more numerous on the posterior part, there being about 

sixteen or seventeen on this side of the beaks to about ten in front of them. Casts 

of C. nasuta again exhibit a rather well marked lanceolate depressed area extending 

posteriorly from the beaks about half way to the extremity of the cast. In C. sub

nasuta the corresponding area is not lanceolate, but consists of a furrow on each 

side of the raised hinge line running backwards almost to the extremity. The fol

lowing two species also are rather closely related, but are readily enough distin

guished by their shorter form and lesser convexity. 

Since the above was written, I have found among my unworked material from 

the middle third of the Trenton shales in Goodhue county, two valves that may 

represent an earlier form of this species. Artificial casts of the interior of these 

valves closely resemble the Galena shales type of the species, the only difference 

being that the central part of the casts is not quite so full and the basal line less 

straightened in the posterior half. There is also a flattened rim along the ventral 

border that is not seen in the type. In these features the valves remind somewhat 

of C. avifarmis, but they cannot belong to that species, since they are too narrow 

posteriorly and have the beaks situated more anterior to the center. The hinge is 

rather well preserved on both the valves, each having about twenty-six denticles, 

nine of them in front of the beaks. Of the latter the anterior five are larger than 

any of the others. The hinge, on the whole, resembles that of C. cunei/armis, but 

the anterior teeth are larger and the beaks situated farther forward. 

Forrnation and locality.-The type is from the Galena shales near Cannon Falls, Minnesota. 

CTENODONTA OVI1<'ORMIS, n. sp. 

PLATE XLII, FIG. 29, 

Shell small, compressed convex, transversely ovate, the ends rather narrowly 

rounded, subequal, the anterior a trifle wider and shorter than the posterior, the 

base almost regularly convex, the hinge line gently arcuate, and the beaks rather 

small, scarcely prominent and situated slightly in front of the midlength. Muscular 

scars comparatively distinct. Number of teeth and surface unknown, but the cast 

is marked with several obscure concentric furrows. Length, 9.2 mm.; hight about 
6 mm.; thickness, 3.8 mm. 

This small shell is relatively shorter, less produced and wider posteriorly, and 

more rounded in the basal outline than C. nasuta and C. subnasuta. Collectors will , 
I think, find little trouble in recognizing it. 

Forrnation and locality.-Galena shales, near Cannon Falls, Minnesota. 
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the denticles are relatively more numerous on the posterior part, there being about 

sixteen or seventeen on this side of the beaks to about ten in front of them. Casts 

of C. nasuta again exhibit a rather well marked lanceolate depressed area extending 

posteriorly from the beaks about half way to the extremity of the cast. In C. sub

nasuta the corresponding area is not lanceolate, but consists of a furrow on each 

side of the raised hinge line running backwards almost to the extremity. The fol

lowing two species also are rather closely related, but are readily enough distin

guished by their shorter form and lesser convexity. 

Since the above was written, I have found among my unworked material from 

the middle third of the Trenton shales in Goodhue county, two valves that may 

represent an earlier form of this species. Artificial casts of the interior of these 

valves closely resemble the Galena shales type of the species, the only difference 

being that the central part of the casts is not quite so full and the basal line less 

straightened in the posterior half. There is also a flattened rim along the ventral 

border that is not seen in the type. In these features the valves remind somewhat 

of C. oviformis, but they cannot belong to that species, since they are too narrow 

posteriorly and have the beaks situated more anterior to the center. The hinge is 

rather well preserved on both the valves, each having about twenty-six denticles, 

nine of them in front of the beaks. Of the latter the anterior five are larger than 

any of the others. The hinge, on the whole, resembles that of C. cuneiformis, but 

the anterior teeth are larger and the beaks situated farther forward. 

Formation and locality.-The type is from the Galena shales near Cannon Falls, Minnesota. 

CTENODONTA OVIFORMIS, n. sp. 

PLATE XLII, FIG. 29. 

Shell small, compressed convex, transversely ovate, the ends rather narrowly 

rounded, subequal, the anterior a trifle wider and shorter than the posterior, the 

base almost regularly convex, the hinge line gently arcuate, and the beaks rather 

small, scarcely prominent and situated slightly in front of the midlength. Muscular 

scars comparatively distinct. N umber of teeth and surface unknown, but the cast 

is marked with several obscure concentric furrows. Length, 9.2 mm.; hight about 
6 mm.; thickness, 3.8 mm. 

This small shell is relatively shorter, less produced and wider posteriorly, and 

more rounded in the basal outline than C. nasuta and C. subnasuta. Collectors will , 
I think, find little trouble in recognizing it. 

Formation and locality.-GaJena shales, near Cannon Falls, Minnesota. 
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OTENODONTA OUNEIFORMIS, n. sp. 

PLATE XLTI. FIGS. 31-3a. 

Shell small, compressed convex, transversely somewhat a:mminate-ovate, tapering 

posteriorly to a narrowly rounded extremity; anterior end shorter than the posterior, 

but much higher and broadly rounded, except in the antero-cardinal region, where 

the outline projects slightly beyond the path of a uniform curve; base rather prom

inently rounded in the middle, convex throughout the anterior half, straight or very 

faintly sinuate in the posterior half; beaks small, not prominent, situated ahout 4 mm. 

behind the anterior extremity in a specimen 11 mm.long; posteriorly from the beaks 

the cardinal outline is straight, in front of them gently concave. Behind the center 

the shell is more or less distinctly contracted. Surface with obscure concentric striffi. 

Hinge plate of moderate strength, comparatively long, very gently bent, and just 

appreciably contracted beneath the beaks, with about twenty-seven nearly vertical 

teeth in each valve, twelve in front of the beak. The posterior six or seven teeth are 

stronger than the rest and bent inward. Test thin, muscular scars not observed. The 

largest specimen seen, a right valve, is 12 mm.long, 7.4 mm. high and 1.8 mm. thick. 

The contraction and narrowness of the posterior end gives to this species some

what the appearance of C. contracta Salter, but the two species are really widely 

different. The Canadian shell is higher, more convex and its cardinal outline much 

more angular, the hinge plate strongly bent and very narrow under the beaks, the 

teeth larger and not so numerous, and the shell much thicker. The affinities of 

C. cuneiformis are probably with C. nasuta and C. subnasuta. The former, being a 

much larger shell, is not likely to be confounded with it. The latter is narrower 

anteriorly and wider posteriorly, is more convex, especially in a front view, its 

posterior half is not contracted in the same manner, and the anterior outline more 

uniformly rounded. 
Formation and locality.-Four specimens were found at a point about six miles south of Cannon 

Falls, Minnesota, where they occurred in the upper part of the middle third of the Trenton shales. The 
same locality and bed has furnished numerous other Lamellibranchiata. 

C. gibberula section. 

CTENODONTA GIBBERULA Salter. 

PLATE XLII. FIG. 37. 

Otenodonta gibberula SALTER, 1857. Canadian Organic Remains, Dec. I, p. 38. 
Tellinomya ventricosa HALL, 186I. Rep. Supt. Geol. Sur. Wis., p. 27; 1862, Final Report of same, 

p. 38, fig. 3; MEEK and WORTHEN, 1868, Geol. Sur. Ill., vol. iii, p. 307. 

Shell rhombic subovate, ventricose, the hight, length and thickness, respectively, 

as seven, ten and six, with large incurved beaks, situated a little behind the mid

length; antero-dorsal and ventral margins subparallel, the posterior end obliquely 
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UTENODONTA OUNEIFORMIS, n. sp. 

PLATE XLTI, FIGS. 31-;;3. 

Shell small, compressed convex, transversely somewhat a3uminate-ovate, tapering 

posteriorly to a narrowly rounded extremity; anterior end shorter than the posterior, 

but much higher and broadly rounded, except in the antero-cardinal region, where 

the outline projects slightly beyond the path of a uniform curve; base rather prom

inently rounded in the middle, convex throughout the anterior half, straight or very 

faintly sinuate in the posterior half; beaks small, not prominent, situated about 4 mm. 

behind the anterior extremity in a specimen 11 mm.long; posteriorly from the beaks 

the cardinal outline is straight, in front of them gently concave. Behind the center 

the shell is more or less distinctly contracted. Surface with obscure concentric stri:::e. 

Hinge plate of moderate strength, comparatively long, very gently bent, and just 

appreciably contracted beneath the beaks, with about twenty-seven nearly vertical 

teeth in each valve, twelve in front of the beak. The posterior six or seven teeth are 

stronger than the rest and bent inward. Test thin, muscular scars not observed. The 

largest specimen seen, a right valve, is 12 mm.long, 7.4 mm. high and 1.8 mm. thick. 

The contraction and narrowness of the posterior end gives to this species some

what the appearance of C. contracta Salter, but the two species are really widely 

different. The Canadian shell is higher, more convex and its cardinal outline much 

more angular, the hinge plate strongly bent and very narrow under the beaks, the 

teeth larger and hot so numerous, and the shell much thicker. The affinities of 

C. cuneiform'is are probably with C. nasuta and C. subnasuta. The former, being a 

much larger shell, is not likely to be confounded with it. The latter is narrower 

anteriorly and wider posteriorly, is more convex, especially in a front view, its 

posterior half is not contracted in the same manner, and the anterior outline more 

uniformly rounded. 
Formation and locality.-Four specimens were found at a point about six miles south of Oannon 

Falls, Minnesota, where they occurred in the upper part of the middle third of the Trenton shales. The 
same locality and bed has furnished numerous other Lamellibranchiata. 

C. gibberula section. 

CTENODONTA GIBBERULA Salter. 

PLATE XLII, FIG. 37. 

Ctenodonta gibberula SALTER, 1857, Oanadian Organic Remains, Dec. I, p. 38, 
Tellinomya ventricosa HALL, 1861. Rep. Supt. Geol. Sur. Wis., p. 27; 1862, Final Report of same, 

p. 38, fig. 3; MEEK and WORTHEN, 1868, Geol. Sur. Ill., vol. iii, p. 307. 

Shell rhombic sub ovate, ventricose, the hight, length and thickness, respectively, 

as seven, ten and six, with large in curved beaks, situated a little behind the mid

length; antero-dorsal and ventral margins subparallel, the posterior end obliquely 
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truncate above the narrow and sharply rounded lower part; anterior end broadly 

rounded and continuing into the basal margin; the latter is straight or very gently 

sinuate and ascends from the prominently rounded anterior part; posterior umbonal 

ridge inconspicuous in a lateral view, rather sharply defined, however, in a do~sal 

view by a narrow furrow which outlines a wide lanceolate flattened area, equally 

divided by the hinge line, and in the upper part of which (immediately behind the 

beaks) the ligament is attached to distinct fulcra; anterior dorsal slope abruptly 

rounded; entire anterior half of valves strongly ventricose, while between this part 

and the posterior umbonal ridge a slight sulcus crosses from near the beak to the 

base. Surface marked by rather distinct, closely arranged, subequal concentric strim 

of growth, tending to irregularity in the basal parts of old shells. 

Impressions of adductor muscles extremely deep, the anterior pair larger than 

the posterior. A small, though distinct, pedal muscle scar is always present on the 

upper part of the strong ridge which forms the inner boundary of the anterior 

adductor, (in casts it lies at the bottom of the deep cavity produced. by this ridge), 

hut the corresponding posterior scar is rarely distinguishable. Hinge plate very 

narrow at the beaks, but widening rapidly on each side, the anterior half somewhat 

the stronger and slightly concave along its inner margin, both terminating abruptly 

at the muscular scars; denticles twelve hehind and ten or eleven in front, those 

near the beaks very small, all interlocking deeply, especially those of the anterior 

set, which are also somewhat larger than the posterior. The shell is very thick and 

the rostral filling so considerable that in casts of the interior the beaks appear 

obtuse and widely separated. 

I have very carefully compared a large series of the northwestern form which 

Hall named ventricosa with authentic Canandian examples of Salter's O. gibberula, 

and I can say, with perfect confidence, that there is not the slightest reason for con

sidering them as distinct species. The only difference that I can detect is that the 

northwestern specimens grow to a larger size than the Canadian. Tennessee speci

mens also attain greater dimensions than the latter, though their average size 

scarcely equals that of Wisconsin examples. Meek and Worthen suggested (op. cit.) 

that Tellinornya ventricosa ma.y be the same as O. contracta Salter, but in this they 

were mistaken, since that species is certainly distinct and, so far as known, does not 
occur at any of the northwestern localities. 

Formation and locality.--In Canada this species occurs in the Black River limestone at Pauquette's 
Rapids. In Tennessee it occupies an equivalent or lower position near Murfreesboro. In Wisconsin. at 
Beloit, Janesville and Mineral POint, and at several localities in Illinois and Iowa it) forms one of the 
most. Btriking fossils of the lim.eston.es beneath the Galena, particularly the "Upp~r Buff." In Minne
sota It seems to be a rare fOSSIl, beIng, so far, known only from Minneapolis, where jt occurs in the 
Trellton limestone a few feet beneath the shales. 

Mus. Reg. Nos. 8:309, 8316, 8339. 
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truncate above the narrow and sharply rounded lower part; anterior end broadly 

rounded and continuing into the basal margin; the latter is straight or very gently 

sinuate and ascends from the prominently rounded anterior part; posterior umbonal 

ridge inconspicuous in a lateral view, rather sharply defined, however, in a dorsal 

view by a narrow furrow which outlines a wide lanceolate flattened area, equally 

divided by the hinge line, and in the upper part of which (immediately behind the 

beaks) the ligament is attached to distinct fulcra; anterior dorsal slope abruptly 

rounded; entire anterior half of valves strongly ventricose, while between this part 

and the posterior umbonal ridge a slight sulcus crosses from near the beak to the 

base. Surface marked by rather distinct, closely arranged, sub equal concentric striffi 

of growth, tending to irregularity in the basal parts of old shells. 

Impressions of adductor muscles extremely deep, the anterior pair larger than 

the posterior. A small, though distinct, pedal muscle scar is always present on the 

upper part of the strong ridge which forms the inner boundary of the anterior 

adductor, (in casts it lies at the bottom of the deep cavity produced. by this ridge), 

hut the corresponding posterior scar is rarely distinguishable. Hinge plate very 

narrow at the beaks, but widening rapidly on each side, the anterior half somewhat 

the stronger and slightly concave along its inner margin, both terminating abruptly 

at the muscular scars; denticles twelve hehind and ten or eleven in front, those 

near the beaks very small, all interlocking deeply, especially those of the anterior 

set, which are also somewhat larger than the posterior. The shell is very thick and 

the rostral filling so considerable that in casts of the interior the beaks appear 

obtuse and widely separated. 

I have very carefully compared a large series of the northwestern form which 

Hall named ventricosa with authentic Canandian examples of Salter's C. gibberula, 

and I can say, with perfect confidence, that there is not the slightest reason for con

sidering them as distinct species. The only difference that I can detect is that the 

northwestern specimens grow to a larger size than the Canadian. Tennessee speci

mens also attain greater dimensions than the latter, though their average size 

scarcely equals that of Wisconsin examples. Meek and Worthen suggested (op. cit.) 

that Tellinornya ventricosa ma.y be the same as C. contracta Salter, but in this they 

were mistaken, since that species is certainly distinct and, so far as known, does not 

occur at any of the northwestern localities. 

Formation and locality.--In Canada this species occurs in the Black River limestone at Pauquette's 
Rapids. In Tennessee it occupies an equivalent or lower position near Murfreesboro. In Wisconsin. at 
Beloit, Janesville and Mineral Point, and at several localities in Illinois and Iowa it, forms one of the 
most. Btriking fossils of the lim.eston.es beneath the Galena, particularly the "Upp~r Buff." In Minne
sota It seems to be a rare fOSSIl, beIng, so far, known only from Minneapolis, where it occurs in the 
Trellton limestone a few feet beneath the shales. 

Mus. Reg. Nos. 8:309, 8316, 8339. 
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CTENODONTA CARINATA, n. sp. 

PIJATE XLII. FIGS. 41-43. 

Shell rather small, gibbous in the anterior and rostral portions, the ends obtuse 

in a dorsal view, the beaks large, prominent, strongly incurved, situated near the 

midlength and turned decidedly toward the posterior end; the outline may be 

described as subtriangular or obscurely quadrate; anterior margin most prominent 

and strongly rounded in the lower half, the upper two-thirds more gently curved 

and sloping backward to the beaks, being continuous with the antero-dorsal margin; 

ventral margin straight or broadly sinuate, curving abruptly into the subtruncate 

posterior margin and forming, with the latter, an angle of about 800; cardinal out

line distinctly concave behind the beaks; post-cardinal region slightly produced, 

though too blunt to be called alate; posterior umbonal ridge prominent, angular, 

extending to the post-ventral angle; point of greatest convexity on the rounded 

anterior umbonal ridge; between the two ridges a wide, undefined sulcus, extending 

from the umbones to the base. Surface marked with distinct and rather irregular 

concentric lines of growth. Hinge plate arcuate, in other respects apparently as in 

C. gibberula Salter. Shell thick, muscular scars not observed. 

C. gibberula is the only shell known to me with which C. carinata might be 

compared. Although imperfectly known, I am quite confident that its affinities lie 

chiefly with that species. Still, though the resemblances are sufficient to prove that 

the two forms belong to the same section of the genus, it is scarcely likely that any 

one will fail to distinguish them specifically, the' outline in the two species being 

different in several respects. Thus, in C. carinata the posterior end is wider, the 

post-cardinal region produced and sub cuneate instead of flattened, the anterior 

margin is more prominent below, and above curves more regularly into the dorsal 

outline, while the basal margin is not so prominent anteriorly and on the whole 

more nearly horizontal. The posterior umbonal ridge also is more prominent, the 

mesial sulcus or flattening is a more pronounced feature and the anterior slope more 

abrupt. Finally, the hinge plate is less bent and curved rather than geniculated. 

Formation and locality.-Middle Galena, about one mile east of Fountain, Minnesota. 

CTENODONTA PLANODORSATA Ulrich. 

PLATE XXXVII, FIGS. 25-28; PLATE XLII. FIGS. 38-40. 

Tellinomya planodorsata ULRICH, 1892. Nineteeth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 217. 

Shell small, moderately convex, subtriangular or trapezoidal, the hight, length 

and thicknes, respectively, ten, fourteen and five mm.; beaks small, incurved, scarcely 

projecting above the hinge, situated nearly one-third of the entire length from the 
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CTENODONTA CARINATA, n. sp. 

PIJATE XLII. FIGS. 41-43. 

Shell rather small, gibbous in the anterior and rostral portions, the ends obtuse 

in a dorsal view, the beaks large, prominent, strongly incurved, situated near the 

midlength and turned decidedly toward the posterior end; the outline may be 

described as subtriangular or obscurely quadrate; anterior margin most prominent 

and strongly rounded in the lower half, the upper two-thirds more gently curved 

and sloping backward to the beaks, being continuous with the antero-dorsal margin; 

ventral margin straight or broadly sinuate, curving abruptly into the subtruncate 

posterior margin and forming, with the latter, an angle of about 800; cardinal out

line distinctly concave behind the beaks; post-cardinal region slightly produced, 

though too blunt to be called alate; posterior umbonal ridge prominent, angular, 

extending to the post-ventral angle; point of greatest convexity on the rounded 

anterior umbonal ridge; between the two ridges a wide, undefined sulcus, extending 

from the umbones to the base. Surface marked with distinct and rather irregular 

concentric lines of growth. Hinge plate arcuate, in other respects apparently as in 

C. gibberula Salter. Shell thick, muscular scars not observed. 

C. gibberula is the only shell known to me with which C. carinutll might be 

compared. Although imperfectly known, I am quite confident that its affinities lie 

chiefly with that species. Still, though the resemblances are sufficient to prove that 

the two forms belong to the same section of the genus, it is scarcely likely that any 

one will fail to distinguish them specifically, the' outline in the two species being 

different in several respects. Thus, in C. carinata the posterior end is wider, the 

post-cardinal region produced and subcuneate instead of flattened, the anterior 

margin is more prominent below, and above curves more regularly into the dorsal 

outline, while the basal margin is not so prominent anteriorly and on the whole 

more nearly horizontal. The posterior umbonal ridge also is more prominent, the 

mesial sulcus or flattening is a more pronounced feature and the anterior slope more 

abrupt. Finally, the hinge plate is less bent and curved rather than geniculated. 

Formation and locality.-Middle Galena, about one mile east of Fountain, Minnesota. 

CTENODONTA PLANODORSATA Ulrich. 

PLATE XXXVII, FIGS. 25-28; PLATE XLII. FIGS. 38-40. 

Tellinomya planodorsata ULRICH, 1892. Ninett\eth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 217. 

Shell small, moderately convex, 8ubtriangular or trapezoidal, the hight, length 

and thicknes, respectively, ten, fourteen and five mm.; beaks small, incurved, scarcely 

projecting above the hinge, situated nearly one-third of the entire length from the 
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anterior extremity. Posterior end long, subtr~angular in outline, with the extremity 

subacute and the dorsal side almost straight (faintly convex) from the beaks backward; 

ventral margin broadly rounded, semielliptical; anterior margin nicely rounded. 

Post-cardinal side thick, with a large, sharply defined and slightly concave area 

reaching from the beaks to near the posterior extremity of the shell. Surface gently 

convex, scarcely sloping toward the post-ero-cardinal area, marked with exceedingly 

fine concentric striffi and a few stronger lines of growth. Hinge plate strong, 

abruptly bent, the posterior part nearly twice as long as the anterior, the two 

parts forming an angle of about 105 0
; denticles very little curved, in two distinct 

series, those. in each row set transversely on the hinge plate, about eleven in the 

anterior series and nineteen or twenty in the posterior series. Muscular impressions 

very deep, bordered on their inner sides by strong ridges and set into the wide exca

vated ends of the hinge plate; pallial line simple, faint, submarginal. 

The interior of this strongly marked species proves to be quite different from 

what I expected when I described it from the exterior alone. Instead of showing 

relations to C. levata, excellent valves since obtained prove the species to be nearer 

C. gibberuZa and C. contracta. Still, C. planodorsata occupies a somewhat isolated posi

tion. In the first place, casts of the interior, with their very prominent muscular scars, 

remind at once of the present section of the genus. The hinge, however, is very 

different from that of the typical members of the section, the plate being widest 

under the beaks instead of much the narrowest, and the series of denticles very 

abruptly divided into two sets, the whole hinge, therefore, being much more as in 

the C. recurva section. C. Zonga has similar characters, as appears to be the case 

also with an undescribed species from the Trenton of Tennessee, so that it might 

have been well to institute another section of the genus. But as these sections are 

merely temporary natural groupings of the species, pending a more thorough study 

of the whole family, the ommission cannot be of much consequence. 

The species is so easily recognized by the flat dorsum that comparisons are quite 

unnecessary. 

Formation and locality.-In the upper part uf the middle third of the Trenton shales at several 
lucalities in Goodhue county, Minnesota. 

CTENODONTA LONGA Ulrich. 

PLATE XXXVIT, FIGS. 30 and 31. 

Tellinomya longa ULRICH, 1892. Amer. GeoJ., vol. x, p. 103. 

Shell small, compressed, elongate-elliptical, the length equalling a little more 

than twice the greatest hight. Beaks small, situated about one-fourth of the entire 

length from the anterior extremity. Cardinal line, on the whole, very slightly 
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anterior extremity. Posterior end long, subtr~angular in outline, with the extremity 

subacute and the dorsal side almost straight (faintly convex) from the beaks backward; 

ventral margin broadly rounded, semielliptical; anterior margin nicely rounded. 

Post-cardinal side thick, with a large, sharply defined and slightly concave area 

reaching from the beaks to near the posterior extremity of the shell. Surface gently 

convex, scarcely sloping toward the post-ero-cardinal area, marked with exceedingly 

fine concentric striffi and a few stronger lines of growth. Hinge plate strong, 

abruptly bent, the posterior part nearly twice as long as the anterior, the two 

parts forming an angle of about 105 0
; denticles very little curved, in two distinct 

series, those. in each row set transversely on the hinge plate, about eleven in the 

anterior series and nineteen or twenty in the posterior series. Muscular impressions 

very deep, bordered on their inner sides by strong ridges and set into the wide exca

vated ends of the hinge plate; pallial line simple, faint, submarginal. 

The interior of this strongly marked species proves to be quite different from 

what I expected when I described it from the exterior alone. Instead of showing 

relations to C. levr/ta, excellent valves since obtained prove the species to be nearer 

C. gibberula and C. contracta. Still, C. planodorsata occupies a somewhat isolated posi

tion. In the first place, casts of the interior, with their very prominent muscular scars, 

remind at once of the present section of the genus. The hinge, however, is very 

different from that of the typical members of the section, the plate being widest 

under the beaks instead of much the narrowest, and the series of denticles very 

abruptly divided into two sets, the whole hinge, therefore, being much more as in 

the C. recurva section. C. longa has similar characters, as appears to be the case 

also with an undescribed species from the Trenton of Tennessee, so that it might 

have been well to institute another section of the genus. But as these sections are 

merely temporary natural groupings of the species, pending a more thorough study 

of the whole family, the ommission cannot be of much consequence. 

The species is so easily recognized by the flat dorsum that comparisons are quite 
unnecessary. 

Formation and locality.-In the upper part uf the middle third of the Trenton shales at several 
lucalities in Goodhue COU[]ty, Mi[]nesota. 

CTENODONTA LONGA Ulrich. 

PLATE XXXVIT, FIGS. 30 and 31. 

Tellinornya longa ULRICH, 1892. Amer. GeoJ., vol. x, p. 103. 

Shell small, compressed, elongate-elliptical, the length equalling a little more 

than twice the greatest hight. Beaks small, situated about one-fourth of the entire 

length from the anterior extremity. Cardinal line, on the whole, very slightly 
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convex, straight behind the beaks; anterior end short, semicircular; ventral margin 

gently convex; posterior end a little narrower than the anterior and more sharply 

rounded. Surface with obscure concentric lines; sloping rapidly at the cardinal 

margin, but very gently to the ends and ventral edge. Hinge plate of moderate 

strength, bent a little beneath the beak and with a thickening on the lower side in 

front of same. Posterior to the beak the plate is long, straight and bears twenty or 

more small teeth, while on the anterior part only nine are to be counted. In the 

vicinity of the beak the teeth, especially those on the posterior side, are very small, 

and as they are all set at right angles to the hinge plate, the continuity of the series 

is interrupted where the two series come together. The interruption is easily over

looked, because of the slight bend in the hinge plate. Anterior muscular impression 

deep, situated immediately beneath the end of the hinge. Its posterior side is defined 

by a strong vertical thickening of the shell, in the upper part of which the scar of a 

small pedal muscle is to be observed. Posterior scar distinct, bu t less sharply 

impressed than the anterior, situated at the end of the hinge just within the thin 

post-cardinal border of the shell. 

The characters of the hinge and the deep muscular impressions show that this 

species is related to C. planodorsata, with which it is also associated in the shales. 

There is, however, room for several intermediate species, the form heing much more 

elongate, the back not flattened, the posterior end rounded instead of subacute, and 

the hinge much less bent. In C. subnasuta the shape is somewhat similar, but the 

hinge is different, the muscular impression not nearly so distinct, the beaks larger 

and situated farther from the anterior end, while the anterior half is relatively 

higher. 
Formation and locality.-Middle third of the Trenton shales, Goodhue county, Minnesota; as~o

ciated with O. planadorsata, O. compressa, O. socialis and O. scofi·eldi. 

C. logani section. 

CTENODONTA LOGANI Salter. 

PLATE XLII. FIGS. 26-28. 

Tellinomya dubia HALl" 1857. Tenth Ann. Rep. Reg. Uuiv. N. Y., p. 183, figs. 4, and 5. (Not 
T. dubia Hall. 1847, Pal. 1'iI. Y., vol. 1, p. 153.) 

Otenodonta logani SALTER, 1859. Canadian Organic Remains, Dec. i, p. 36. (Not O. log ani Salter, 
1851, Rep. Brit. Assoc., p. 63, which proved to be the same as 
Tellinomya nasuta Hall, 1847.) 

Shell of the medium size, rather elongate, subovate, strongly convex, very gib

bous in the umbonal region, with the strongly incurved beaks turned slightly forward 

and situated near the midlength; posterior end a little the narrower, rounded, but 

not quite uniformly, the lower part being usually a trifle prominent; basal margin 

gently arcuate, the posterior half somewhat less convex than the anterior; anterior 
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convex, straight behind the beaks; anterior end short, semicircular; ventral margin 

gently convex; posterior end a little narrower than the anterior and more sharply 

rounded. Surface with obscure concentric lines; sloping rapidly at the cardinal 

margin, but very gently to the ends and ventral edge. Hinge plate of moderate 

strength, bent a little beneath the beak and with a thickening on the lower side in 

front of same. Posterior to the beak the plate is long, straight and bears twenty or 

more small teeth, while on the anterior part only nine are to be counted. In the 

vicinity of the beak the teeth, especially those on the posterior side, are very small, 

and as they are all set at right angles to the hinge plate, the continuity of the series 

is interrupted where the two series come together. The interruption is easily over

looked, because of the slight bend in the hinge plate. Anterior muscular impression 

deep, situated immediately beneath the end of the hinge. Its posterior side is defined 

by a strong vertical thickening of the shell, in the upper part of which the scar of a 

small pedal muscle is to be observed. Posterior scar distinct, but less sharply 

impressed than the anterior, situated at the end of the hinge just within the thin 

post-cardinal border of the shell. 

The characters of the hinge and the deep muscular impressions show that this 

species is related to C. planodorsata, with which it is also associated in the shales. 

There is, however, room for several intermediate species, the form heing much more 

elongate, the back not flattened, the posterior end rounded instead of subacute, and 

the hinge much less bent. In C. subnasuta the shape is somewhat similar, but the 

hinge is different, the muscular impression not nearly so distinct, the beaks larger 

and situated farther from the anterior end, while the anterior half is relatively 

higher. 
Formation and locality.-Middle third of the Trenton shales, Goodhue county, Minnesota; as~o

ciated with C. planadorsata, C. compressa, C. socialis and C. scoji.eldi. 

C. logani section. 

CTENODONTA LOGANI Salter. 

PLATE XLII. FIGS. 26-28. 

Tellinomya dubia HALl" 1857. Tenth Ann. Rep. Reg. Univ. N. Y., p. 183, figs. 4 and 5. (Not 
T. dubia Hall. ]847, Pal. :N. Y., vol. 1, p. 153.) 

Ctenodonta logani SALTER, 1859. Canadian Organic Remains, Dec. 1. p. 25. (Not C. loguni Salter, 
1851, Rep. Brit. Assoc., p. 53, which proved to be the same as 
Tellinomya nasuta Hall, 1847.) 

Shell of the medium size, rather elongate, sub ovate, strongly convex, very gib

bous in the umbonal region, with the strongly incurved beaks turned slightly forward 

and situa,ted near the midlength; posterior end a little the narrower, rounded, but 

not quite uniformly, the lower part being usually a trifle prominent; basal margin 

gently arcuate, the posterior half somewhat less convex than the anterior; anterior 
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end regularly rounded, or this is so only in the lower two-thirds, the curve of the 

outline sometimes increasing in rapidity as it turns into the cardinal margin. 

Posterior umbonal ridge prominently rounded; in front of it a very obscure mesial 

sulcus; post-cardinal slope rather abrupt, with two obscure curved furrows, and in 

the upper part the fulcra to which the external ligament was attached. Surface 

marked by unequal concentric lines of growth. Hinge plate of moderate strength, 

gently arcuate, slightly contracted in the middle, 15 mm. long in a specimen 25 mm. 

in length, bearing a continuous row of teeth curving strongly inward, the whole 

number in each valve about seventeen, of which nine are posterior; as usual, the 

central ones are the smallest. Shell comparatively thin; muscular impressions faint. 

The gibbosity of the shell and the unusual prominence of the umbones removes 

this species from the C. nasuta section, while the thinness of the test and the faint 

delineation of the muscular scars will not allow it to be placed in the O. gibberula 

section. The natural position of the species may, however, still be considered as 

intermediate between those two sections. 
Formation and locality.-" Upper Buff limestone" of the Trenton formation, Beloit, Wisconsin. 

In Oanada the species occurs in the Black River limestone at Pauquette's Rapids, near Ottawa. 

Mus. Reg. No. 8316-], 

C. levatll section. 

CTENDONTA NIT IDA Ulrich. 

PLATE XLII, FIGS. 44-47. 

Tellinornya nitidct ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 215. 

Shell small, thin, moderately ventricose, trapezoidal or somewhat obliquely sub

triangular, the antero-cardinal region somewhat alated; umbones full, beaks small; 

closely incurved, directed slightly backward. Posterior extremity oblique, rather 

abruptly truncated, flattened, nearly straight, pinched and projecting slightly beyond 

the convex part of the shell in the upper half and narrowly rounded below. Ventral 

margin gently convex, usually curving rather sharply upward at the ends. Anterior 

end wide, rounded and most prominent in the lower half, straightened above, the 

junction with the hinge-line subangular. Surface, excepting a few indistinct lines 
of growth, smooth. 

Casts of the interior have strongly projecting beaks. The internal characters of 

the shell, so far as they can be made out from these casts, are as follows: Hinge 

line very slightly arcuate, with eight to ten strong teeth behind the beaks and fifteen 

or sixteen smaller ones in front of them. Anterior and posterior muscular impres

sions subequal, distinct, the posterior one drawn out along the hinge margin. Above 

the anterior pair there is another much smaller elongated pair lying close to the 
hinge. 
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end regularly rounded, or this is so only in the lower two-thirds, the curve of the 

outline sometimes increasing in rapidity as it turns into the cardinal margin. 

Posterior umbonal ridge prominently rounded; in front of it a very obscure mesial 

sulcus; post-cardinal slope rather abrupt, with two obscure curved furrows, and in 

the upper part the fulcra to which the external ligament was attached. Surface 

marked by unequal concentric lines of growth. Hinge plate of moderate strength. 

gently arcuate, slightly contracted in the middle, 15 mm. long in a specimen 25 mm. 

in length, bearing a continuous row of teeth curving strongly inward, the whole 

number in each valve about seventeen, of which nine are posterior; as usual, the 

central ones are the smallest. Shell comparatively thin; muscular impressions faint. 

The gibbosity of the shell and the unusual prominence of the umbones removes 

this species from the C. nasuta section, while the thinness of the test and the faint 

delineation of the muscular scars will not allow it to be placed in the C. gibberula 

section. The natural position of the species may, however, still be considered as 

intermediate between those two sections. 
Formation and ZocaZity.-" Upper Buff limestone" of the Trenton formation, Beloit, Wisconsin. 

In Oanada the species occurs in the Black Ri ref limestone at Pauquette's Rapids, near Ottawa. 

Ml~~. Reg. No. 8316-], 

C. leva til section. 

CTENDONTA NITIDA Ulrich. 

PLATE XLII, FIGS. 44-47. 

Tellino7nya nitidct ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 215. 

Shell small, thin, moderately ventricose, trapezoidal or somewhat obliquely sub

triangular, the antero-cardinal region somewhat alated; umbones full, beaks small; 

closely incurved, directed slightly backward. Posterior extremity oblique, rather 

abruptly truncated, flattened, nearly straight, pinched and projecting slightly beyond 

the convex part of the shell in the upper half and narrowly rounded below. Ventral 

margin gently convex, usually curving rather sharply upward at the ends. Anterior 

end wide, rounded and most prominent in the lower half, straightened above, the 

junction with the hinge-line subangular. Surface, excepting a few indistinct lines 
of growth, smooth. 

Casts of the interior have strongly projecting beaks. The internal characters of 

the shell, so far as they can be made out from these casts, are as follows: Hinge 

line very slightly arcuate, with eight to ten strong teeth behind the beaks and fifteen 

or sixteen smaller ones in front of them. Anterior and posterior muscular impres

sions subequal, distinct, the posterior one drawn out along the hinge margin. Above 

the anterior pair there is another much smaller elongated pair lying close to the 
hinge. 
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This species is distinguished from C. levata Hall, sp., by its shorter form, abruptly 

trnncated posterior end and subalate antero-cardinal region, and in the posterior 

instead of anterior position of the beaks. In casts of the interior the beaks are also 

smaller and more prominent. C. abrupta Billings, is more ventricose, longer and not 

so high anteriorly. The two !:lpecies next described are more closely related. 

Formation and locality.-Good specimens of this species are exceedingly rare, but illy preserved 
casts of the interior, which are provisionally referred here, are nut uncommonly associaterl with O. socia/is 
in the middle third of the Trenton shales at Minneapolis and other localities in the state of Minnesota. 

CTENODONTA MEDIALIS, n. sp. 

P LA TE XLII, FIGS. 50-52. 

This species seems to occupy an intermediate position between C. nitida and 

O. scofieldi. From the first it differs in having the beaks situated about midway 

between the extremities, the posterior end longer, more oblique and more narrowly 

rounded at the extremity, and the anterior end shorter and blunter in the antero

cardinal region. The posterior part of the back is wider, because the umbonal ridge 

is somewhat stronger and extends farther downward. Finally, the hinge plate is 

more curved .and appears relatively wider. From C.8cofieldi it differs in having the 

beaks centrally situated instead of one-third of the length from the anterior extrem

ity, the umbonal ridge less sharp, the posterior end shorter and wider, and the hinge 

'plate stronger and more numerously denticulate. A careful estimation of the value 

of the differentations leads me to believe that the form under consideration is more 

closely related to O. nitida than to C. scofieldi. Perhaps it would be sufficiently di!:l

tinguished as a variety of the former. 

Another form of this type is represented by two casts of the interior in the Sur

vey collection (Mus. Reg. No. 8311) from the" Lower Blue" limestone at Janesville, 

Wisconsin. In these specimens there is an antero-cardinal wing as in C. nitida, but 

the posterior end is too long for that species, the beaks being slightly in front of the 

midlength instead of behind. O. leveta Hall, sp., also seems to belong here, but it is 

not safe to say anything positive about that species till the original New York types 

have been subjected to a critical examination. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis and near Cannon Falls, 
Minnesota. A cast of the interior from the Galena shales of Goodhue county, probably belongs here. 

CTENODONT A SCOFI]]LDI, n. sp. 

PLATE XLII. FIGS. 53-58 . 

. Shell small, strongly convex, transversely somewhat acuminate ovate, broadly 

rounded in front and below, narrow behind, with small, prominent, incurved beaks, 
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This species is distinguished from O. levata Hall, sp., by its shorter form, abruptly 

truncated posterior end and subalate antero-cardinal region, and in the posterior 

instead of anterior position of the beaks. In casts of the interior the beaks are also 

smaller and more prominent. O. abrupta Billings, is more ventricose, longer and not 

so high anteriorly. The two species next described are more closely related. 

Formation and locality.-Good specimens of this species are exceedingly rare, but illy preserved 
cal"ts of the interior, which are provisionally referred here, are nut uncommonly associaterl with C. socialis 
in the middle third of the Trenton shales at Minneapolis and other localities in the state of Minnesota. 

CTENODONTA MEDIALIS, n. sp. 

PLATE XLII. FIGS. 50-52. 

This species seems to occupy an intermediate position between O. nitida and 

O. scofieldi. From the first it differs in having the beaks situated about midway 

between the extremities, the posterior end longer, more oblique and more narrowly 

rounded at the extremity, and the anterior end shorter and blunter in the antero

cardinal region. The posterior part of the back is wider, because the umbonal ridge 

is somewhat stronger and extends farther downward. Finally, the hinge plate is 

more curved and appears relatively wider. From O. scofieldi it differs in having the 

beaks centrally situated instead of one-third of the length from the anterior extrem

ity, the umbonal ridge less sharp, the posterior end shorter and wider, and the hinge 

'plate stronger and more numerously denticulate. A careful estimation of the value 

of the differentations leads me to believe that the form under consideration is more 

closely related to O. nitida than to O. scofieldi. Perhaps it would be sufficiently dis

tinguished as a variety of the former. 

Another form of this type is represented by two casts of the interior in the Sur

vey collection (Mus. Reg. No. 8311) from the" Lower Blue" limestone at Janesville. 

Wisconsin. In these specimens there is an antero-cardinal wing as in O. nit ida, but 

the posterior end is too long for that species, the beaks being slightly in front of the 

midlength instead of behind. O. lev eta Hall, sp., also seems to belong here, but it is 

not safe to say anything positive about that species till the original New York types 

have been subjected to a critical examination. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis and near Cannon Falls, 
Minnesota. A cast of the interior from the Galena shales of Goodhue county, probably belongs here. 

CTENODONT A SCOFIELDI, n. sp. 

PLATE XLII. FIGS. 53-58 . 

. Shell small, strongly convex, transversely somewhat acuminate ovate, broadly 

rounded in front and below, narrow behind, with small, prominent, incurved beaks, 
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directed posteriorly and situated about one-third of the length from the anterior 

extremity; umbones carinate behind, the ridge having a distinctly concave outline 

in a side view; posterior end of hinge projecting slightly beyond the ridge, so that 

the post-dorsal region is not quite flat. Hinge plate comparatively short and wea,k, 

widest posteriorly, very narrow beneath the beak and in front of same; denticles 

small, seventeen or eighteen in each valve, in a continuo:us series, about eight of 

them posterior and larger than the others. 
This neat and constant form is readily distinguished from C. nit ida and C. medi

alis, its nearest congeners, by the posteriorly carinate umbones, the less central 

position of the beaks, its narrower posterior extremity and much weaker hinge plate. 

The denticles also are less numerous. Casts of the interior of these three forms are 

difficult to distinguish, but the task is not by any means hopeless when the speci

mens are in a good state of preservation. The species is named for my colaborer on 

the Gastropoda, Mr. W. H. Scofield, of Cannon Falls, Minnesota. 

Formation and locality.-An entire example and nine valves were collected in the middle third 
of the Trenton shales in the vicinity of Oannon Falls, Minnesota. A cast of the interior was 
obtained at Minneapolis from the same beds. The species has not been observed in the upper third 
of the shales, but the overlying Galena shales have furnished a number of casts that I have not suc
ceeded in distinguishing. These were collected at Oannon Falls and near Kenyon. 

CTENODONT A SOCIALIS, n. sp. 

PLATE XLII. FIGS. 59 and 00. 

Shell very small, moderately convex, transversely subovate, rarely exceeding 

6 mm. in length, the average size about 3.8 mm. high by 5 mm. long; beaks small, 

turning slightly toward the short posterior extremity behind which it is situated 

between one-fourth and one-third of the entire length; umbonal ridge inconspicuous, 

the convexity of the valves being relatively uniform. Surface almost smooth, no 

markings save a few obscure concentric lines having been observed. Hinge plate 

narrow, especially so under the beaks, widest posteriorly, comparatively long, arcuate, 

the amount of curvature varying according to the length of the posterior end of the 

shell, being greater when this part is shorter than usual; denticles small, nineteen 

or twenty in each valve, six or seven of them posterior, several of the latter consid
erably larger than any of the others. 

In a shell of this kind it is very difficult, if not impossible, to decide beyond the 

possibility of error which end is the anterior and which the posterior. In this case 

I have assumed that the short side is the posterior, because this end of the hinge 

plate is the wider and bears the largest denticles, that being the prevailing condition 
among species of this section. 

The small size, rather regularly ovate outline, moderate convexity and the 
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directed posteriorly and situated about one-third of the length from the anterior 

extremi ty; umbones carinate behind, the ridge having a distinctly concave outline 

in a side view; posterior end of hinge projecting slightly beyond the ridge, so that 

the post-dorsal region is not quite flat. Hinge plate comparatively short and weak, 

widest posteriorly, very narrow beneath the beak and in front of same; denticles 

small, seventeen or eighteen in each valve, in a continuo,us series, about eight of 

them posterior and larger than the others. 
This neat and constant form is readily distinguished from C. nitida and C. medi

alis, its nearest congeners, by the posteriorly carinate umbones, the less central 

position of the beaks, its narrower posterior extremity and much weaker hinge plate. 

The dentic1es also are less numerous. Casts of the interior of these three forms are 

difficult to distinguish, but the task is not by any means hopeless when the speci

mens are in a good state of preservation. The species is named for my co1aborer on 

the Gastropoda, Mr. W. H. Scofield, of Cannon Falls, Minnesota. 
Formation and ZQcaZity.-An entire example and nine valves were collected in the middle third 

of the Trenton shales in the vicinity of Cannon Falls, Minnesota. A cast of the interior was 
obtained at Minneapolis from the same beds. The species has not been observed in the upper third 
of the shales, but the overlying Galena shales have furnished a number of casts that I have not suc
ceeded in distinguishing. These were collected at Cannon Falls and near Kenyon. 

CTENODONT A SOCIALIS, rt. sp. 

PLATE XLII, FIGS. 59 ana 60. 

Shell very small, moderately convex, transversely subovate, rarely exceeding 

6 mm. in length, the average size about 3.8 mm. high by 5 mm. long; beaks small, 

turning slightly toward the short posterior extremity behind which it is situated 

between one-fourth and one-third of the entire length; umbona1 ridge inconspicuous, 

the convexity of the valves being relatively uniform. Surface almost smooth, no 

markings save a few obscure concentric lines having been observed. Hinge plate 

narrow, especially so under the beaks, widest posteriorly, comparatively long, arcuate, 

the amount of curvature varying according to the length of the posterior end of the 

shell, being greater when this part is shorter than usual; denticles small, nineteen 

or twenty in each valve, six or seven of them posterior, several of the latter consid
erably larger than any of the others. 

In a shell of this kin.d it is very difficult, if not impossible, to decide beyond the 

possibility of error which end is the anterior and which the posterior. In this case 

I have assumed that the short side is the posterior, because this end of the hinge 

plate is the wider and bears the largest denticles, that being the prevailing condition 
among species of this section. 

The small size, rather regul;w1y ovate outline, moderate convexity and the 



Otenodont!L fecunda.1 
LAMELLIBRANCHIATA. 595 

posterior position of the beaks are features that render the identification of this 

species unusually easy. I hesitated to say whether it should be regarded as nearer 

C. nitida or those ovate shells, like C. albertina, in which the larger side is undeniably 
the posterior. 

Formation and locality.-This small shell occurs in great numbers in certain layers of the middle 
third of the Trenton shales at St. Panl, Minneapolis, Cannon Falls, Chatfield and other localities in the 
state. The surface of a layer may be completely covered by separated valves or by casts of the interior. 
The latter condition is the prevailing one at the two localities tlrst mentioned, but in Goodhue and 
Fillmore counties testiferous examples are the rule. In central Kentucky the species is occasionally 
met with in the Modioloelon oviforlllis beds of the Trenton. 

Mus. Reg. No. 8627. 

CTENODONTA FECUNDA Hall. 

PLATE XLII. Ii'IGS. 07-73. 

Nucula (Tellinomya) fecunda HALL, 1862. Geo!. Sur. Wis., vol. 1, p. 55. (Figured, but notdescribed.) 

Shell small, 9 mm. to ] 3 mm. in length, rather ventricose, transversely ovate or 

obscurely subrhomboidal in outline, with the umbones rather prominent and full, 

and the beaks incurved, directed slightly forward and situated about one-third of 

the length behind the anterior extremity; base usually a little prominent in the 

middle, somewhat straightened, or at any rate less convex in the posterior than in 

the anterior half; posterior end narrower than the anterior, the outline sloping 

forward rapidly above the produced lower part and merging almost gradually into 

the post-cardinal margin; antero-cardinal outline more or less distinctly concave; 

posterior umbonal ridge rounded. Surface marked by very fine, regular concentric 

strirn and strong wrinkles of growth, crossed by delicate radial lines, the network 

thus formed requiring a magnifying lens to make it plainly visible. The radial 

lines, however, are not often preserved. 

The majority of the specimens seen are casts of the interior, mostly in an excel

lent state of preservation. As a rule, they are marked by a limited number of obscure 

concentric furrows. The muscular scars and pallial line are always faintly defined 

Hinge plate rather narrow, arcuate, nearly two-thirds as long as the shell, with about 

eighteen denticles in each valve; denticles very small under the beaks, where the 

series seems also to have been interrupted by a small space; on each side of the 

beaks they become larger gradually and at the same time assume an oblique direc

tion, the upper ends of the teeth being turned away from the beaks. 

Three specimens, illustrating slight variations, have the following dimensions: 

Length, 10.5, 11.0 and 13.0 mm.; hight, 7.0, 8.0 and 10.0 mm.; thickness, 4.5, 6.5 and 

6Bmm. 

This very common shell is certainly distinct from C. levata, C. nitida and C. sco

jieldi, the anterior end being narrower and in two cases also shorter, while the 
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posterior position of the beaks are features that render the identification of this 

species unusually easy. I hesitated to say whether it should be regarded as nearer 

C. nitida or those ovate shells, like C. albertina, in which the larger side is undeniably 

the posterior. 

Formation and locality.-This small shell o(;(;urs in great numbers in certain layers of the middle 
third of the Trenton shales at St. Panl, Minneapolis, Cannon Falls, Cbatfield and other localities in the 
state. The surface of a layer may be (;ompletely covered by separated valves or by casts of tbe interior. 
The latter condition is the prevailing one at the two localities 1irst mentioned, but in Goodhue ancl 
Fillmore counties testiferous examples are the rule. In central Kentucky the species is occasionally 
met with in the Modioloclon oviformis ])t:)cls of the Trenton. 

Mus. Reg. No. 8627. 

CTENODONTA FECUNDA Hall. 

PLATE XLII. Ii'IOS. 07-70. 

Nucula (Tellinomya) fecunda HALL, 1862. Geo!. Sur. Wis., vol. 1, p. 55. (Figurecl, but notdescril)ed.) 

Shell small, 9 mm. to ] 3 mm. in length, rather ventricose, transversely ovate or 

obscurely subrhomboidal in outline, with the umbones rather prominent and full, 

and the beaks incurved, directed slightly forward and situated about one-third of 

the length behind the anterior extremity; base usually a little prominent in the 

middle, somewhat straightened, or at any rate less convex in the posterior than in 

the anterior half; posterior end narrower than the anterior, the outline sloping 

forward rapidly above the produced lower part and merging almost gradually into 

the post-cardinal margin; antero-cardinal outline more or less distinctly concave; 

posterior umbonal ridge rounded. Surface marked by very fine, regular concentric 

strirn and strong wrinkles of growth, crossed by delicate radial lines, the network 

thus formed requiring a magnifying lens to make it plainly visible. The radial 

lines, however, are not often preserved. 

The majority of the specimens seen are casts of the interior, mostly in an excel

lent state of preservation. As a rule, they are marked by a limited number of obscure 

concentric furrows. The muscular scars and pallial line are always faintly defined 

Hinge plate rather narrow, arcuate, nearly two-thirds as long as the shell, with about 

eighteen denticles in each valve; denticles very small under the beaks, where the 

series seems also to have been interrupted by a small space; on each side of the 

beaks they become larger gradually and at the same time assume an oblique direc

tion, the upper ends of the teeth being turned away from the beaks. 

Three specimens, illustrating slight variations, have the following dimensions: 

Length, 10.5, 11.0 and 13.0 mm.; hight, 7.0, 8.0 and 10.0 mm.; thickness, 4.5, 6.5 and 

6Bmm. 

This very common shell is certainly distinct from C. levata, C. nitida and C. sco

fieldi, the anterior end being narrower and in two cases also shorter, while the 
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hinge, with its oblique teeth, is very different. In C. socialis the outline is more 

regularly oval and the beaks situated as much behind the center as they are in front 

of that point in O. fecunda. In O. simulatrix the anterior end is wider, the muscular 

scars deeper and the hinge more numerously denticulated. Similar differences dis

tinguish C. albertina, a well marked species having also a stronger hinge and genicu

lated teeth. The following species, C. calvini, is probably nearer than any other 

species now known. 

Formation and locaZity.-Very abundant in the lower so-called Maquoketa shales near Dubuque, 
Iowa; Scale's Mound, IllinOiS, and Platte's Mound in Lafayette county, Wisconsin. The species occurs 
also in Fillmore county, Minnesota, in equivalent beds (Hudson River group), though but rarely. 

CTENODONTA CALVIN I, n. sp. 

PLATE XLII, FIGS. 61-64. 

Shell sub quadrate-ovate, about 15 mm. long, 12 mm. high and 6 mm. thick; 

anterior end rounded, a trifle narrower than the slightly truncate posterior end; 

the latter is a little oblique, gently convex except below, where the outline turns 

rather sharply into the broadly rounded base; above it forms an obtusely angular or 

rounded junction with the straight post-cardinal margin; in front of the scareely 

prominent beaks, which are situated about one-third of the entire length behind the 

anterior extremity, the outline is more or less concave. Surface of valves rather 

uniformly convex, with the posterior umbonal ridge strongly rounded, though in no 

case conspicuous. External surface markings not observed. Ca8ts of the interior 

exhibit a few concentric undulations, and in the central and ventral parts a variable 

uumber of obscure rays. The test seems to have been unusually thin. Hinge plate 

very narrow, bent at the beak, straight behind, gently concave in front; denticles 

small, oblique, about sixteen po~terior and eight or ten anterior in each valve. 

Adductor muscular scars very slightly impressed, the posterior one extended above, 

larger and longer than the anterior, and placed in the middle of the cardinal slope, 

so that its long axis is parallel with the umbonal ridge; several small umbonal scars 
may be observed. 

This fine species, though closely related, is at once distinguished from O. fecunda 

by its greater posterior hight and larger size. The convexity of the valves also is 

somewhat less, and other differences may be detected in comparing the figures 

of the two species on plate XLII. A nearer form, perhaps it ought to be called a 

variety, occurs in the lower beds (Utica horizon) of the Cincinnati group at Coving

ton, Kentucky. This has exceedingly fine and crowded concentric strire, crossed by 

more distant radiating lines. Casts of the interior have about the same shape as 

O. calvini, but they are all much smaller, the largest having a length of only 7 mm. 
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of that point in O. fecunda. In O. sirnulatrix the anterior end is wider, the muscular 

scars deeper and the hinge more numerously denticulated. Similar differences dis

tinguish C. albertina, a well marked species having also a stronger hinge and genicu

lated teeth. The following species, C. calvini, is probably nearer than any other 

species now known. 
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Iowa; Scale's Mound, Illinois, and Platte's Mound in Lafayette county, Wisconsin. The species occur!' 
also in Fillmore county, Minnesota, in equivalent beds (Hudson River group;, though but rarely. 

CTENODONTA CALVIN I, n. sp. 
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Shell sub quadrate-ovate, about 15 mm. long, 12 mm. high and 6 mm. thick; 

anterior end rounded, a trifle narrower than the slightly truncate posterior end; 

the latter is a little oblique, gently convex except below, where the outline turns 

rather sharply into the broadly rounded base; above it forms an obtusely angular or 

rounded junction with the straight post-cardinal margin; in front of the scareely 

prominent beaks, which are situated about one-third of the entire length behind the 

anterior extremity, the outline is more or less concave. Surface of valves rather 

uniformly convex, with the posterior umbonal ridge strongly rounded, though in no 

case conspicuous. External surface markings not observed. Casts of the interior 

exhibit a few concentric undulations, and in the central and ventral parts a variable 

uumber of obscure rays. The test seems to have been unusually thin. Hinge plate 

very narrow, bent at the beak, straight behind, gently concave in front; denticles 

small, oblique, about sixteen po:"terior and eight or ten anterior in each valve. 

Adductor muscular scars very slightly impressed, the posterior one extended above, 

larger and longer than the anterior, and placed in the middle of the cardinal slope, 

so that its long axis is parallel with the umbonal ridge; several small umbonal scars 

may be observed. 

This fine species, though closely related, is at once distinguished from O. fecunda 

by its greater posterior hight and larger size. The convexity of the valves also is 

somewhat less, and other differences may be detected in comparing the figures 

of the two species on plate XLII. A nearer form, perhaps it ought to be called a 

variety, occurs in the lower beds (Utica horizon) of the Cincinnati group at Coving

ton, Kentucky. This has exceedingly fine and crowded concentric strirn, crossed by 

more distant radiating lines. Casts of the interior have about the same shape as 

O. calvini, but they are all much smaller, the largest having a length of only 7 mm. 
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The concentric undulations also are more numerous. In a paper soon to be published 

I shall propose the name Ctenodonta mundula for this small form. 

The three species mentioned in the preceding paragraph occupy an isolated 

position in the genus, and, though they may resemble some of the species of the 

levata section, I am satisfied that they are widely removed from them all. The 

shape of the anterior end is peculiar, as is also the reticulate surface ornamentation 

and the thin hinge plate with its oblique teeth. 

The species under consideration is named for Prof. Samuel Calvin, State Geolo

gist of Iowa. 

Formation and locality.-Maquoketa shales (Hudson River group), at Graf and other localities in 
northern Iowa. Also at Scale's Mound in northwestern Illinois. 

MltS. Reg. No. 8628. 

CTENODONTA MADISONENSIS, n. Sp. 

PLATE XLII. FIGS. 65 and 66. 

Shell subovate, slightly oblique, moderately convex, 12.5 to 15 mm. in length, 10 

to 12 mm. in hight, and 5.6 to 7 mm. in thickness; anterior end very short, rounded, 

posterior margin a little oblique, base broadly rounded and continuing into the 

anterior margin; dorsal outline slightly concave. Beaks anterior, small, scarcely 

prominent, incurved; posterior umbonal ridge rounded, inconspicuous; greatest con

vexity of valves in front and above the center. Surface almost smooth, only two or 

three obscure lines of growth having been noticed. Test rather thick, hinge strong, 

posterior denticles geniculated. 

This shell was included in this report and figured under the erroneous impres

sion that it represented a variety of C. calvini. Since the plates were prepared, 

however, another examination showed differences not before noticed, and when 

finally the shell was removed from one of the specimens so that a part of the hinge 

was uncovered, it became fully evident that it was not only distinct but belonged to 

quite another group of species. It is namely not far removed from such species as 

C. albertina and C. filisttoiata of this report, while it is especially near an unpublished 

form from the middle beds of the Cincinnati group in Kentucky and Ohio which I 

shall call C. tumida. From these three species C. madisonensis is distinguished by 

the more uniform curvature of the anterior margin, the antero-cardinal region in 

those forms being more or less prominent and subangular in outline. 

Formation and locality.·-The specimens upon which the species is founded were collected in the 
Cincinnati group at Madison, Indiana, where they occurred in association with Of'this retrosa. 

.. 
dtenodonta nJadisonens!s.] 

tAMELL!BRANOHIATA . 597 

The concentric undulations also are more numerous. In a paper soon to be published 

I shall propose the name Ctenodonta mundula for this ::imall form. 

The three species mentioned in the preceding paragraph occupy an isolated 

position in the genus, and, though they may resemble some of the species of the 

levata section, I am satisfied that they are widely removed from them all. The 

shape of the anterior end is peculiar, as is also the reticulate surface ornamentation 

and the thin hinge plate with its oblique teeth. 

The species under consideration is named for Prof. Samuel Calvin, State Geolo

gist of Iowa. 

Formation and locality.-Maquoketa shales (Hudson River group), at Graf and other localities in 
northern Iowa. Also at Scale's Mound in north western Illinois. 

Mt.s. Reg. No. 8628. 

CTENODONTA MADISONENSIS, n. sp. 

PLATE XLII, FIGS. 65 and G6. 
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to 12 mm. in hight, and 5.6 to 7 mm. in thickness; anterior end very short, rounded, 

posterior margin a little oblique, base broadly rounded and continuing into the 

anterior margin; dorsal outline slightly concave. Beaks anterior, small, scarcely 

prominent, incurved; posterior umbonal ridge rounded, inconspicuous; greatest con

vexity of valves in front and above the center. Surface almost smooth, only two or 

three obscure lines of growth having been noticed. Test rather thick, hinge strong, 

posterior denticles geniculated. 

This shell was included in this report and figured under the erroneous impres

sion that it represented a variety of C. calvini. Since the plates were prepared, 

however, another examination showed differences not before noticed, and when 

finally the shell was removed from one of the specimens so that a part of the hinge 

was uncovered, it became fully evident that it was not only distinct but belonged to 

quite another group of species. It is namely not far removed from such species as 

C. albertina and C. filistriata of this report, while it is especially near an unpublished 

form from the middle beds of the Cincinnati group in Kentucky and Ohio which I 

shall call C. tum ida. From these three species C. madisonensis is distinguished by 

the more uniform curvature of the anterior margin, the antero-cardinal region in 

those forms being more or less prominent and subangular in outline. 
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Cincinnati group at Madison, Intliana, where they occurred in association with Orthis retrosa. 
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CTENODONTA ALBERTINA, n. sp. 

PLATE XLII. FIGS. 76-80. 

Shell subovate, widest in the anterior half, 10 to 18 mm. in length; beaks mod

erate in size and prominence, situated about 4.5 mm. behind the anterior extremity 

in a specimen 16 mm. long; antero-cardinal region compressed, slightly alated, 

subangular in outline; anterior margin nearly vertical and rather gently convex 

above the lower part, where it turns somewhat rapidly backward into the broadly 

rounded base; the curvature of the basal outline is often not quite uniform, being, 

in these cases, a little stronger in the anterior than in the posterior half; posterior 

margin somewhat obliquely rounded-subtruncate; as shown in the figures the width 

of the posterior end is somewhat variable; cardinal margin nearly straight; umbonal 

ridge rounded, inconspicuous. Surface almost entirely smooth. 

In casts of the interior the beaks are prominent, compressed and very little 

incurved, the adductor muscular scars are distinct, the posterior one being especially 

prominent and the larger, while the anterior one is drawn out above almost to the 

point of the beak; the posterior cardinal outline is strongly concave, while the dor

sum in this part is formed by a sharp curved ridge running backward from each 

beak to the adductor scars and enclosing the area that had been occupied by the 

hinge plates. The hinge plate is strong, contracted and bent beneath the beak, the 

posterior part one-third longer than the slightly declining anterior part; denticles 

strongly geniculated and deeply interlocking, the continuity of the series distinctly 

interrupted under the beaks by an illy defined pit-like space. In five valves the 

total number of denticles ranged from twenty-nine to thirty-two, with thirteen, 

fourteen or fifteen anterior and sixteen or seventeen posterior. In a sixth valve, 

unusually short and possibly not belonging to this species, there are only eleven 
anterior and thirteen posterior teeth. 

Length of an average example, 12 mm.; hight, 9.5 mm.; thickness, 6 mm. In a 

large specimen these dimensions are respectively 16, 12.2 and 7 mm. 

The type of structure exhibited in this species and in C. jilistriata, C. madisonensis 

and two as yet unpublished forms from the Cincinnati group of Ohio and Kentucky, 

stands somewhat apart from the other two types (i. e., C. nitida and C. fecunda) 

included' in this section of the genus. The geniculated hinge teeth and the pit 

beneath the beak are peculiar features, while another difference, when compared 

with the C. nitida type, appears in the absence of the small accessory scars over the 

adductors. That some importance attaches to the absence of these small scars is 

indicated by their constant presence in the species which pertain strictly to the 

nitida type in other respects. These scars seem to be wanting in the shell of the 
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in these cases, a little stronger in the anterior than in the posterior half; posterior 

margin somewhat obliquely rounded-subtruncate; as shown in the figures the width 

of the posterior end is somewhat variable; cardinal margin nearly straight; umbonal 

ridge rounded, inconspicuous. Surface almost entirely smooth. 

In casts of the interior the beaks are prominent, compressed and very little 

incurved, the adductor muscular scars are distinct, the posterior one being especially 

prominent and the larger, while the anterior one is drawn out above almost to the 

point of the beak; the posterior cardinal outline is strongly concave, while the dor

sum in this part is formed by a sharp curved ridge running backward from each 

beak to the adductor scars and enclosing the area that had been occupied by the 

hinge plates. The hinge plate is strong, contracted and bent beneath the beak, the 

posterior part one-third longer than the slightly declining anterior part; denticles 

strongly geniculated and deeply interlocking, the continuity of the series distinctly 

interrupted under the beaks by an illy defined pit-like space. In five valves the 

total number of denticles ranged from twenty-nine to thirty-two, with thirteen, 

fourteen or fifteen anterior and sixteen or seventeen posterior. In a sixth valve, 

unusually short and possibly not belonging to this species, there are only eleven 
anterior and thirteen posterior teeth. 

Length of an average example, 12 mm.; hight, 9.5 mm.; thickness, 6 mm. In a 
large specimen these dimensions are respectively 16, 12.2 and 7 mm. 

The type of structure exhibited in this species and in C. jilistriata, C. madisonensis 

and two as yet unpublished forms from the Cincinnati group of Ohio and Kentucky, 

stands somewhat apart from the other two types (i. e., C. nitida and C. fecnnda) 
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adductors. That some importance attaches to the absence of these small scars is 

indicated by their constant presence in the species which pertain strictly to the 

nitida type in other respects. These scars seem to be wanting in the shell of the 
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C. fecunda type as well, but this, unless we agree that the short side in those shells 

is really the posterior, does not bring them much nearer to the C. albertina type, 

since the adductors are reversed, the acuminate-ovate scar being anterior in the 

latter and posterior in the former. 

Forrnation and locality.-A common species in the upper beds of the Cincinnati group at Clarksville 
and other localities in Ohio. I am not entirely satisfied that the species occurs in Minnesota, but there 
are good reasons to believe that it may be found in the Hudson Ri ver strata ncar Spring Valley. 

CTENODONTA FILl STRIATA, n. sp. 

0- C. 

Fig. 44. a, right side of a cast of the interior of Ctenodonta filistl'iata, n. sp.; band c, cardina 
and lateral views of left valve of same; d, small portion of surface of same, highly magnified; e, hing'c 
of a right valve of same, x 2; specimens from lower beels of the Cincinnati group at COVington, Kentucky; 
f and g, cardinal and lateral views of a large right valve of Ctenodonta gibbemla Salter, from the lower 
Trenton near Murfreesboro, '.rennessee. 

Tellinornya levata HALL and WHITFIELD, 1875. Pal. OhiO, vol. ii, p. 82. (Not Nncula levata HALL, 

1847, Pal. N. Yo, vol. 1, p. 150.) 

This species may be distinguished at once from C. albert-ina, with which it agrees 

more closely than any other known, by the delicate, crowded, thread-like concentric 

lines which cover the entire surface. Twelve to twenty of these lines may be counted 

in a space 1 mm. wide. The shape and general appearance of the shell is very simi

lar in the two shells, but the basal margin in the present form is always uniformly 

rounded, while the antero-dorsal angle is a trifle blunter. The latter fact is due to 

the greater bend in the hinge. The pit beneath the beak is scarcely so distinct as 

in that species, and as the hinge is a little shorter the number of denticles is less 

than the average number for C. albertina, there being usually twelve anterior and 

fifteen posterior. Finally, in perfect casts of the interior the beaks are not so much 

compressed and the ridges running posteriorly from them less sharp. 

This species is generally identified with Hall's Nucula or Tellinomya levata, origin

ally described from the Trenton limestone of New York, and closely related to C. 

nitida of this report. The error of this identification is so palpable that it is really 

not 'worth the while to refute it. Anyone at all capable of distinguishing species 

must, now that attention has been directed to the ~atter, see at once that the two 

shells are very different. 
Forrnation and locality.-In the lower beds of the Cincinnati group at numerous localities in and 

near the city of Cincinnati. A single specimen was collected by Mr. Charles Schuchert in equivalent 
beds at Granger, Minnesota. 

Mus. Reg. No. 8378. 
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CTENODONTA SIMULATRIX, n. sp. 

PLATE XLII, FIGS. 74 and 75. 

In its general aspect this species greatly resembles C. albertina, and yet it is a 

widely distinct form, the hinge being quite different in the two forms. '1'he hinge 

plate in C. simulatrix is much narrower and more uniformly arcuate, the denticles 

are more numerous and the majority straight and very smalL Posterior to the 

beak, beneath which the contiuuity of the series is slightly interrupted, there are 

about twenty-five denticles; ,in front of the beak the specimen preserves only six 

teeth, but, judging from other ~pecies, their number on this part of the hinge cannot 

have been less than twelve and probably was quite as many as fifteen, making a 

total for the entire hinge of from thirty-seven to forty. Comparing outlines, it will 

be found that in the present species the ends are more regularly curved and the 

beaks situated a little farther from the anterior extremity. 

Formation and locality.-Upper part of the Hudson River group near Spring Valley, Minnesota. 

C. recurva section (Palmoconcha, Miller.) 

CTENODONT A COMPRESSA Ulrich. 

PLATE XXXVII. FIG, 29; PLATE XLII, FIGS. 88-90. 

Tellinomya compre88a ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Hist. Sur. Minn., p. 216. 

Shell rather small, somewhat oblique, compressed convex, the length and hight 

respectively as twelve or thirteen is to fourteen; convexity about half the length; 

upper half triangular, the lower somewhat obliquely semielliptical; beaks small, 

compressed, acuminate, curving backward; umbones rather flat, the convex part of 

the valves terminating somewhat abruptly along the anterior and posterior cardinal 

margins. In the out.line these two margins, meeting at the beaks, form an angle of 

about 85°, with the anterior gently convex and the posterior correspondingly con

cave, or a little straighter. Antero-dorsal edge flattened but unusually narrow, with 

an obscure furrow on each side of the raised contact line; posterior lunette obscurely 

defined. Surface with very fine, regular, raised, concentric lines, six to eight in 1 mm. 

Hinge plate bent rectangularly, very wide in the central part; denticles mostly 

transverse to the hinge, arranged in two distinct series, increasing gradually in size 

and curvature away from the beaks, about twenty-two anterior and twelve posterior. 

A wide crescent-shaped flat space, over which the teeth do not extend, forms the 

inner border of the hinge plate. Just in front of the point of the beak, and sepa

rating the two series of denticles, iF! the narrow end of an obscurely defined, curved 

depression, extending more than two-thirds the distance across the hinge plate. 
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CTENODONTA SIMULATRIX, n. sp. 

PLATE XLII, FIGS. 74 and 75. 

In its general aspect this specles greatly resembles C. albertina, and yet it is a 

widely distinct form, the hinge being quite different in the two forms. The hinge 

plate in C. simulatrix is much narrower and more uniformly arcuate, the denticles 

are more numerous and the majority straight and very small. Posterior to the 

beak, beneath which the continuity of the series is slightly interrupted, there are 

about twenty-five denticles; .in front of the beak the specimen preserves only six 

teeth, but, judging from other species, their number on this part of the hinge cannot 

have been less than twelve and probably was quite as many as fifteen, making a 

total for the entire hinge of from thirty-seven to forty. Comparing outlines, it will 

be found that in the present species the ends are more regularly curved and the 

beaks situated a little farther from the anterior extremity. 

Formation and locatity.-Upper part of the Hudson River group near Spring Valley, Minnesota. 

C. 1'CCw'va section (Palcroconcha, Miller.) 

CTENODONTA COMPRESSA Ulrich. 

PLATE XXXVII, FIG. 29; PLATE XLII, FIGS. 88-g0. 

Tellinomya compressa ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 216. 

Shell rather small, somewhat oblique, compressed convex, the length and hight 

respectively as twelve or thirteen is to fourteen; convexity about half the length; 

upper half triangular, the lower somewhat obliquely semielliptical; beaks small, 

compressed, acuminate, curving backward; umbones rather flat, the convex part of 

the valves terminating somewhat abruptly along the anterior and posterior cardinal 

margins. In the outline these two margins, meeting at the beaks, form an angle of 

about 85°, with the anterior gently convex and the posterior correspondingly con

cave, or a little straighter. Antero-dor:sal edge flattened but unusually narrow, with 

an obscure furrow on each side of the raised contact line; posterior lunette obscurely 

defined. Surface with very fine, regular, raised, concentric lines, six to eight in 1 mm. 

Hinge plate bent rectangularly, very wide in the central part; denticles mostly 

transverse to the hinge, arranged in two distinct series, increasing gradually in size 

and curvature away from the beab, about twenty-two anterior and twelve posterior. 

A wide crescent-shaped flat space, over which the teeth do not extend, forms the 

inner border of the hinge plate. Just in front of the point of the beak, and sepa

rating the two series of denticles, is the narrow end of an obscurely defined, curved 

depression, extending more than two-thirds the distance across the hinge plate. 
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Adductor scars subovate, situated immdeiately beneath the ends of the hinge, dis

tinct, the posterior one the deeper and margined on the inner side by an obtuse 

ridge-like swelling. Small accessory scars have not been observed. 

A single imperfect valve was all I had seen of this species when I first described 

it. During the summer of 1892, however, r succeeded in collecting an excellent 

series of specimens, so that I am now enabled to present the shell in all its character" 

and to point out those which are really distinctive. Compared with C. astaJ'tijonnis 

Salter, of which an authentic example is now before me, it differs externally in its 

greater proportional width, somewhat narrow posterior curve, less con vex valves, 

finer concentric lines and in wanting the coarse wrinkles of growth which seem to 

be a constant feature of the ventral half in that species. Internally the muscular 

scars and the denticles of the hinge are about the same in the two species, but the 

hinge plate is considerably wider in the Minnesota form, while the flat space beneath 

the denticles of the latter is scarcely represented in Salter's species. Casts of the 

interior of the two species are not easily distinguished, the only reliable differences 

between them, so far as observed, being the lesser prominence and more uniform 

curvature of the anterior margin and the slightly greater convexity of the casts of 

C. astartifOJ·mis. 

Formation and locality.-Upper part of the middle third of the Trenton shales at several localities 
in Goodhue county, Minnesota. Oasts belonging to this species or to C. astartiformis, the latter probably, 
have been found in the upper part of the 'Trenton limestone at Minneapolis and at Janesville, Wisconsio, 
and I have specimens of a very similar, though smaller, form from the upper third of the Trenton shales. 

CTENODONTA INTERMEDIA Ulrich. 

PLATE XLlI, FIGS. 95-97. 

Tellinomya intermedia ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 218. 

Shell thin, of medium size, moderately ventricose, rather erect, the hight a little 

greater than the length. Outline subtriangular, at the beaks, which are obtusely 

acuminate and incurved, forming very nearly a right angle; anterior cardinal margin 

very gently convex, posterior cardinal edge correspondingly concave, ventral margin 

together with the curve into the ends forming a semicircle. Ends subequal, the 

posterior sometimes a little the longest. Umbones full, the remainder of the surface 

sloping uniformly to the free margins. An obscure sulcus may be detected near the 

anterior margin, and along the dorsal part of this end the surface descends abruptly 

to the hinge plate. Surface with strong, closely arranged, thread-like, concentric 

lines, about twelve in 5 mm. At intervals of about 2 or 3 mm. generally a fold 

stronger than the rest. 
Casts of the interior exhibit a faint ridge and sulcus in the anterior end, and 
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Adductor scars subovate, situated immdeiately beneath the ends of the hinge, dis

tinct, the posterior one the deeper and margined on the inner side by an obtuse 

ridge-like swelling. Small accessory scars have not been observed. 

A single imperfect valve was all I had seen of this species when I first described 

it. During the summer of 1892, however, r succeeded in collecting an excellent 

series of specimens, so that I am now enabled to present the shell in all its character" 

and to point out those which are really distinctive. Compared with C. astaJ't~fonnis 

Salter, of which an authentic example is now before me, it differs externally in its 

greater proportional width, somewhat narrow posterior curve, less convex valves, 

finer concentric lines and in wanting the coarse wrinkles of growth which seem to 

be a constant feature of the ventral half in that species. Internally the muscular 

scars and the denticles of the hinge are about the same in the two species, but the 

hinge plate is considerably wider in the Minnesota form, while the flat space beneath 

the denticles of the latter is scarcely represented in Salter's species. Casts of the 

interior of the two species are not easily distinguished, the only reliable differences 

between them, so far as observed, being the lesser prominence and more uniform 

curvature of the anterior margin and the slightly greater convexity of the casts of 

C. astartiformis. 

Formation and locality.-Upper part of the middle third of the Trenton shales at several localities 
in Goodhue county, Minnesota. Oasts belonging to this species or to C. astaTtiformis, the latter probably, 
have been found in the upper part of the 'Trenton limestone aL Minneapolis and at Janesville, Wisconsio, 
and I have specimens of a very similar, though smaller, form from the upper third of the Trenton shales. 

CTENODONTA INTERMEDIA Ulrich. 

PLATE XLlI, FIGS. 95-97. 

Tellinomya inter media ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 218. 

Shell thin, of medium size, moderately ventricose, rather erect, the hight a little 

greater than the length. Outline subtriangular, at the beaks, which are obtusely 

acuminate and incurved, forming very nearly a right angle; anterior cardinal margin 

very gently convex, posterior cardinal edge correspondingly concave, ventral margin 

together with the curve into the ends forming a semicircle. Ends subequal, the 

posterior sometimes a little the longest. Umbones full, the remainder of the surface 

sloping uniformly to the free margins. An obscure sulcus may be detected near the 

anterior margin, and along the dorsal part of this end the surface descends abruptly 

to the hinge plate. Surface with strong, closely arranged, thread-like, concentric 

lines, about twelve in 5 mm. At intervals of about 2 or 3 mm. generally a fold 

stronger than the rest. 

Casts of the interior exhibit a faint ridge and sulcus in the anterior end, and 
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two sharply defined muscular scars and pallial line in each valve.* Hinge plate 

rather narrow, the teeth numerous, over thirty, as uBual very small centrally, grow

ing larger gradually towards the ends of the hinge. 

This species is distinguished from C. astartiformis Salter, by its larger size, greater 

width, more erect form. and comparatively coarse and regular concentric lines. C. 

compressa is not so convex, especially in the umbonal region, has more pointed beaks 

and much finer stri:.:e. 

Formation and locality.-Not uncommon in the middle division of the Galena at Wykoff and other 
localities in Fillmore county, Minnesota. 

CTENODONTA ALTA Hall. 

PLATE XLII. FIGS. 93 and 94. 

Tellinomya alta HALL, 1861. Rep. Supt. Geol. Sur. Wis., p. 27; MEEK and WORTIIEN, 1868, Geol. 
Sur. Ill., vol. iii, p. 309. 

Shell (internal cast) small, rather strongly convex, nearly erect, subtriangular, 

the length, hight and convexity, respectively, about 11.2, 11.5 and 6.3 mm.; base 

broadly rounded, semielliptical; beaks elevated, nearly central, arching slightly back

ward; anterior and posterior sides nearly equal, sloping abruptly from the beaks at 

an angle of about 85°, the anterior dorsal outlines very gently convex, the posterior 

correspondingly concave; beneath the ends of the hinge the outline on both sides 

curves rapidly into the base. Muscular scars large and comparatively distinct, the 

posterior one nearly rounded, the other more oval; the anterior one lies in the wider 

lower end of a shallow sulcus which may be traced almost to the beaks. The hinge, 

Prof. Hall says, is marked by from twenty to twenty-five very small curved teeth on 

the anterior (posterior) side and from ten to fifteen on the posterior (anterior) side. 

This rare species is a little smaller, not quite as high, more erect and less convex 

in the basal outline than C. intermedia. In the latter, as well as in all the other 

species of this section of the genus, save C. recurva, the anterior half of the outline 
is more uniformly rounded. 

Formation and locality.-The specimen described by Meek and Worthen came from the Galena 
near Mount Carroll, Illinois, while Hall's original type is from, presumably. an equivalent horizon at 
Dodgeville, Wisconsin. The specimen here used, which is precisely like the Illinois example, is from 
the shaly lower beds of the Galena near Fountain, Minnesota. 

. * III t.he original description. it is stated that a small pair of scars is situated above the posterior adductor impres-
';IOns. ThIS statement I now belIeve rests upon faulty observation. 
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two sharply defined muscular scars and pallial line in each valve. * Hinge plate 

rather narrow, the teeth numerous, over thirty, as u"lual very small centrally, grow

ing larger gradually towards the ends of the hinge. 

This species is distinguished from C. astart~formis Salter, by its larger size, greater 

width, more erect form, and comparatively coarse and regular concentric lines. C. 

compressa is not 80 convex, especially in the umbonal region, has more pointed beaks 

and much finer strim. 

Formation and locality.-Not uncommon in the middle division of the Galena at Wykoff and other 
localities in Fillmore county, Minnesota. 

CTENODONTA ALTA Hall. 

PLATE XLII. FIGS. 93 and 94. 

Tellinomya alta HALL, 1861. Rep. Supt. Geol. Sur. Wis., p. 27; MEEK and WORTIIEN, 1868, Geol. 
Sur. Ill., vol. iii, p. 309. 

Shell (internal cast) small, rather strongly convex, nearly erect, subtriangular, 

the length, hight and convexity, respectively, about 11.2, 11.5 and 6.3 mm.; base 

broadly rounded, semielliptical; beaks elevated, nearly central, arching slightly back

ward; anterior and posterior sides nearly equal, sloping abruptly from the beaks at 

an angle of about 85°, the anterior dorsal outlines very gently convex, the posterior 

correspondingly concave; beneath the ends of the hinge the outline on both sides 

curves rapidly into the base. Muscular scars large and comparatively distinct, the 

posterior one nearly rounded, the other more oval; the anterior one lies in the wider 

lower end of a shallow sulcus which may be traced almost to the beaks. The hinge, 

Prof. Hall says, is marked by from twenty to twenty-five very small curved teeth on 

the anterior (posterior) side and from ten to fifteen on the posterior (anterior) side. 

This rare species is a little smaller, not quite as high, more erect and less convex 

in the basal outline than C. intermedia. In the latter, as well as in all the other 

species of this section of the genus, save C. recurva, the anterior half of the outline 
is more uniformly rounded. 

Formation and locality.-The specimen described by Meek and Worthen came from the Galena 
near Mount Carroll, Illinois, while Hall's original type is from, presumably. an equivalent horizon at 
Dodgeville, Wisconsin. The specimen here used, which is precisely like the IllinOis example, is from 
the shaly lower beds of the Galena near Fountain, Minnesota. 

. 'Ill the nriginal description. it is stated that a small pair of scm's is situated above the posterior adductor impres
"lUllS. TIllS statement I now bel1eve rests upon faulty observation. 
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CTENODONTA RECURVA Ulrich. 

PLATE XLII, FIGS. 08-10t. 

Tellinomya recurva ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Hist. Sur. Minn., p. 221. 

Shell small or of medium size, compressed-convex, slightly oblique, subtriangu

lar, the length and hight almost equal, the thickness equalling about one-third of 

the hight. Rostral portion strongly recurved, ends narrowly rounded, base nearly 

semi-elliptical, with more curvature in the posterior half than in the anterior. 

Beaks prominent, posterior to the center of the shell; umbones with an unusually 

small degree of convexity. Cardinal margins sharply inflected, forming an elongate 

depressed area on the anterior side and a shorter, narrowly cordiform one behind or 

rather beneath the beaks. A shallow and gradually widening sulcus extends from 

the beak along the antero-cardinal margin to the antero-ventral border. Surface 

marked by several strong lines of growth and between them fine concentric strirn, 

about ten in 3 mm. Hinge plate strong, bent at a right angle, the posterior part 

nearly straight (gently concave), somewhat shorter than the anterior, with about 

twenty small, curved transverse teeth, decreasing, as usual, gradually in size and 

curvature toward the beak; anterior part convex, with about thirty teeth. Consid

ering the strength of the hinge plate, the teeth are very small. Immediately in 

front of the beak, in the angle of the hinge, a narrow oblique space breaks the 

continuity of the series of denticles. Hinge plate margined on the outer side by a 

delicate sharp ridge; just within it a narrow furrow which has considerable width 

and depth for some distance in front of the beak. In front of the beak and ahove 

the marginal line of the hinge plate a small area is defined apparently for the recep

tion of an external ligament. (See note, p. 578.) Anterior and posterior muscular 

scars distinct, though not very strongly impressed; as usual for this section of the 

genus in size and form. 

The compressed form reminds of C. compressa, but the shape is different, the 

length being greater, the ends more narrowly rounded and the 'rostral part more 

strongly recurved. The surface markings also are coarser and. the posterior lunettes 

much better defined, while a number of important differences may be observed in 

their hinges. Hall's C. alta is similar in the basal part, but is a more convex shell 

and much less curved in the rostral part. 

Formation and locality.-Upper beds of the Hudson River group, at several localities in Fillmore 
county, Minnesota. It if; associated with the next species (C. similis), but is not nearly so abundant. 
The species occurs, though so far as observed only in the condition of casts, also at Oxford, Waynesville 
and other localities in Ohio, and at Richmond, Indiana. 
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CTENODONTA RECURVA Ulrich. 

PLATE XLII. I<'IGS. OS-lOt. 

Tellinomya recurva ULRICH, 1892. Nineteenth Ann. Rep. Geo], and Nat. Hist. Sur. Minn., p. 221. 

Shell small or of medium size, compressed-convex, slightly oblique, subtl'iangu

lar, the length and hight almost equal, the thickness equalling about one-third of 

the hight. Rostral portion strongly recurved, ends narrowly rounded, base nearly 

semi-elliptical, with more curvature in the posterior half than in the anterior. 

Beaks prominent, posterior to the center of the shell; umbones with an unusually 

small degree of convexity. Cardinal margins sharply inflected, forming an elongate 

depressed area on the anterior side and a shorter, narrowly cordiform one behind or 

rather beneath the beaks. A shallow and gradually widening sulcus extends from 

the beak along the antero-cardinal margin to the antero-ventral border. Surface 

marked by several strong lines of growth and between them fine concentric striffi, 

about ten in 3 mm. Hinge plate strong, bent at a right angle, the posterior part 

nearly straight (gently concave), somewhat shorter than the anterior, with about 

twenty small, curved transverse teeth, decreasing, as usual, gradually in size and 

curvature toward the beak; anterior part convex, with about thirty teeth. Consid

ering the strength of the hinge plate, the teeth are very small. Immediately in 

front of the beak, in the angle of the hinge, a narrow oblique space breaks the 

continuity of the series of denticles. Hinge plate margined on the outer side by a 

delicate sharp ridge; just within it a narrow furrow which has considerable width 

and depth for some distance in front of the beak. In front of the beak and ahove 

the marginal line of the hinge plate a small area is defined apparently for the recep

tion of an external ligament. (See note, p. 578.) Anterior and posterior muscular 

scars distinct, though not very strongly impressed; as usual for this section of the 

genus in size and form. 

The compressed form reminds of C. compressa, but the shape is different, the 

length being greater, the ends more narrowly rounded and the Tostral part more 

strongly recurved. The surface markings also are coarser and the posterior lunettes 

much better defined, while a number of important differences may be observed in 

their hinges. Hall's C. alta is similar in the basal part, but is a more convex shell 

and much less curved in the rostral part. 

Formation and locality.-Upper beds of the Hudson River group, at several localities in Fillmore 
county, Minnesota. It is associated with the next species (C. similis), but is not nearly so ahundant. 
The species occurs, though so far as observed only in the condition of casts, also at Oxford, Waynesvilll! 
and other localities in Ohio, and at Richruond, Indiana. 
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CTENODONTA SIMILIS Ulrich. 

PLATE XLII, FIGS. 102-106. 

Tellinomya similis ULRICH, March 3, 1882 .. Nineteenth Ann. Rep. Geol. and Nat. Hist. Sur. Minn., 
p. 220. 

Tellinomya (NucuZa) lepida SARDESON, April 9, 1892. Bull. Minn. Acad. Nat. SeL, vol. iii, p. 339. 

Shell small to medium size, moderately ventricose, subtriangular, the length 

and hight respectively as five or five and a half is to six. Umbones full, rounded, 

the rostral portion rather strongly recurved, with the beaks small and projecting 

slightly above the hinge. Antero-dorsal edge convex, thick, flattened, but not 

sharply defined. Postero-dorsal edge rather strongly concave, impressed so as to 

form an illy-defined imperfect lunette. Anterior outline almost uniformly convex, 

curving neatly into the well rounded ventral margin; posterior side rather narrowly 

rounded. Surface of valves almost uniformly convex, highest a little above the 

center, generally with a few well marked varices of growth and with finer concentric 

lines in the lower part. Hinge plate of moderate strength, with numerous small 

teeth (thity-five to forty-two); in the largest examples seen with about twenty-seven 

anterior and fifteen posterior to the beak; posterior teeth the largest. Muscular 

scars moderately impressed, always distinguishable. 

The shape of this shell is exceedingly like that of C. astartiformis Salter, though 

as a rule proportionally a little longer and scarcely so ventricose. The posterior 

lunette also is somewhat deeper, but the principal differences lie in the hinge. The 

hinge plate, namely, in Salter's species, is somewhat stronger, while the denticles 

are more bent, larger and less numerous. The teeth, furthermore, are largest on the 

anterior side, while in C. similis the opposite is the case. It is also very much like 

the associated C. r'ecurua, but is distinguished by being a little higher, more uniformly 

rounded on th~ anterior side and without the anterior sulcus. More important dif

ferences are the greater tumidity of the umbones, less prominent beaks, less strongly 

defined anterior and posterior lunettes and weaker hinge p!::tte. Casts of the interior 

are separated chiefly by the greater thickness of the rostral portion. They are also 

nearly always of smaller size than those of C. recurva. 

Formation and locality.-Upper 1Jeds of the Hudson River group, Spring Valley and other parts 
in Fillmore county, Minnesota, and at Blanchester, Ohio. 

CTENODONTA OBLIQUA Hall. 

PLATE XLII. FIGS. 83-87, 

Nttcula obliqua HALL, 18.15. Amer. Jour. Sci. and Arts, vol. xliii, p. 292. 
Tellinomya? obliqua MEEK, 1873. Pal. Ohio, vol. i, p. 139. 
Palceoconcha obliqua and P. faberi MILLER, 1889. North Amer. Geol. and Pal., p. 498. 

Shell very small, broadly acumil:late-subovate; or, without the triangular rostrum, 
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CTENODONT A SIMILIS Ulrich. 

PLATE XLII, FIGS. 102-106. 

Tellinornya similis ULRICH, March 3,1892 .. Nineteenth Ann. Rep. Geol. and Nat. Hist. Sur. Minn., 
p. 220. 

Tellinornya (Nncula) lepida SARDESON, April 9, 1892. Bull. Minn. Acad. Nat. ScL, vol. iii, p. 339. 

Shell small to medium size, moderately ventricose, subtriangular, the length 

and hight respectively as five or five and a half is to six. Umbones full, rounded, 

the rostral portion rather strongly recurved, with the beaks small and projecting 

slightly above the hinge. Antero-dorsal edge convex, thick, flattened, but not 

sharply defined. Postero-dorsal edge rather strongly concave, impressed so as to 

form an illy-defined imperfect lunette. Anterior outline almost uniformly convex, 

curving neatly into the well rounded ventral margin; posterior side rather narrowly 

rounded. Surface of valves almost uniformly convex, highest a little above the 

center, generally with a few well marked varices of growth and with finer concentric 

lines in the lower part. Hinge plate of moderate strength, with numerous small 

teeth (thity-five to forty-two); in the largest examples seen with about twenty-seven 

anterior and fifteen posterior to the beak; posterior teeth the largest. Muscular 

scars moderately impressed, always distinguishable. 

The shape of this shell is exceedingly like that of C. astartiformis Salter, though 

as a rule proportionally a little longer and scarcely so ventricose. The posterior 

lunette also is somewhat deeper, but the principal differences lie in the hinge. The 

hinge plate, namely, in Salter's species, is somewhat stronger, while the denticles 

are more bent, larger and less numerous. The teeth, furthermore, are largest on the 

anterior side, while in C. similis the opposite is the case. It is also very much like 

the associated C. recur va, but is distinguished by being a little higher, more uniformly 

rounded on th~ anterior side and without the anterior sulcus. More importaut dif

ferences are the greater tumidity of the umbones, less prominent beaks, less strongly 

defined anterior and posterior lunettes and weaker hinge plate. Casts of the interior 

are separated chiefly by the greater thickness of the rostral portion. They are also 

nearly always of smaller size than those of C. recurva. 

Formation and locality.-Upper lJeds of the Hudson River group, Spring Valley and other parts 
in Fillmore county, Minnesota, and at Blanchester, Ohio. 

CTENODONTA OBLIQUA Hall. 

PLATE XLII. FIGS. 83-87, 

Nucula obliqua HALL, 18~5. Amer. Jour. Sci. and Arts, vol. xliii, p. 292. 
Tellinornya'J obliqua MEEK, 187:3. Pal. Ohio, vol. i, p. 139. 
Palceoconcha obliqna and P. faberi MILLER, 1889. North Amer. Geol. and Pal., p. 498. 

Shell very small, broadly acumillate-subovate; or, without the triangular rostrum, 
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the outline may be called subcircular, the basal half. as a rule. being quite regularly 

curved; length and hight nearly equal, the latter dimension commonly a little the 

greater. Beaks prominent, situated behind the center, turned backwards. Surface 

marked by comparatively strong concentric lines. 

On casts of the interior, and this is almost invariably the condition in which the 

species is preserved, the muscular scars are nearly alway::; distinguishable and the 

posterior one is often sharply defined and prominent on the upper side. They are 

situated just within the ends of the shell and each near the wider and lower end of 

an obscurely defined sulcus. The two sulci, of which the anterior one is usually the 

better marked, begin near the beak and extend down on each side to the base of the 

muscular scars. A small accessory scar has been observed immediately above the 

posterior adductor. Pallial line simple, rather distinct. Hinge plate comparatively 

strong, with numerous (at least thirty) small denticulations. 

The size of this shell varies greatly. Many of the specimens found at Cincinnati 

and localities in the vicinity of that city are less than 2 mm. in diameter, but others 

are occasionally met with that range from that size to a diameter of 5 mm. In the 

northwestern localitjes the species grew to a larger size, specimens having a diameter 

of from 5 to 7 mm. being in the majority. Aside from the matter of size, however, 

the specimens from these two regions are practically identical. 

Dr. S. A. Miller, in the work above referred to, erects a new genus, Palceoconcha, 

and a new family for the reception of the present species, which he divides into two 

species, giving to the larger form the specific name jabai. But this new genus and 

family have no right to recognition, since they are based entirely upon erroneous 

observation, he having come to the conclusion that the hinge in these shells was 

not denticulated and probably edentulous. Through the kindness of Dr. Miller I 

had an opportunity to examine a number of the specimens (excellent casts of the 

interior) used by him in defining his genus. Even among these I noticed several 

that retained undeniable evidence of the denticulate hinge. 

Formation and locality.-Very abundant at Cincinnati, Ohio, and numerous other localities in the 
the viCinity of that city. In the northwest it is one of the rare fossils of the so-called" Nucula bed" 
of the Maquoketa or Hudson River shale;;. 

CTENODONTA HAMBURGENSIS Walcott. 

PLATE XLII. FIGS. 91 and 02. 

Tellinomya? Hamburgensis WALCOTT, 1884. Pal. Eureka District, p. 76. 

Shell small, rather convex, rounded-subrhomboidal in outline, with the hight 

and length subequal and the beak comparatively large, incurved and situated in 

front of the center; posterior dorsal margin somewhat straightened. Surface 
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the outline may be called subcircular, the basal half. as a rule. being quite regularly 

curved; length and hight nearly equal, the latter dimension commonly a little the 

greater. Beaks prominent, situated behind the center, turned backwards. Surface 

marked by comparatively strong concentric lines. 

On casts of the interior, and this is almost invariably the condition in which the 

species is preserved, the muscular scars are nearly alway::; distinguishable and the 

posterior one is often sharply defined and prominent on the upper side. They are 

situated just within the ends of the shell and each near the wider and lower end of 

an obscurely defined sulcus. The two sulci, of which the anterior one is usually the 

better marked, begin near the beak and extend down on each side to the base of the 

muscular scars. A small accessory scar has been observed immediately above the 

posterior adductor. Pallial line simple, rather distinct. Hinge plate comparatively 

strong, with numerous (at least thirty) small denticulations. 

The size of this shell varies greatly. Many of the specimens found at Cincinnati 

and localities in the vicinity of that city are less than 2 mm. in diameter, but others 

are occasionally met with that range from that size to a diameter of 5 mm. In the 

northwestern localitjes the species grew to a larger size, specimens having a diameter 

of from 5 to 7 mm. being in the majority. Aside from the matter of size, however, 

the specimens from these two regions are practically identical. 

Dr. S. A. Miller, in the work above referred to, erects a new genus, Palceoconcha, 

and a new family for the reception of the present species, which he divides into two 

species, giving to the larger form the specific name taberi. But this new genus and 

family have no right to recognition, since they are based entirely upon erroneous 

observation, he having come to the conclusion that the hinge in these shells was 

not denticulated and probably edentulous. Through the kindness of Dr. Miller I 

had an opportunity to examine a number of the specimens (excellent casts of the 

interior) used by him in defining his genus. Even among these I noticed several 

that retained undeniable evidence of the denticulate hinge. 

Formation and locality.-Very abundant at Cincinnati, Ohio, and numerous other localities in the 
the vicinity of that city. In the northwest it is one of the rare fossils of the so-called "Nucula bed" 
of the Maquoketa or Hudson River shales. 

CTENODONTA HAMBURGENSIS Walcott. 

PLATE XLII, FIGS. 91 and 02. 

Tellinomya? Hamburgensis WALCOTT, 1884. Pal. Eureka District, p. 76. 

Shell small, rather convex, rounded-subrhomboidal in outline, with the hight 

and length subequal and the beak comparatively large, incurved and situated in 

front of the center; posterior dorsal margin somewhat straightened. Surface 
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marked by regular sharp, though fine, concentric strioo in the posterior half, the 

anterior half appearing smooth. Hinge and interior unknown. 

The single specimen of this form seen from Minnesota, agrees so well in its 

outline and general appearance with Walcott's figures of T. hamburgensis that I am 

obliged to refer it to his specieis. It should be remarked, however, that the surface 

of the Nevada types of the species is described as presenting "a smooth, glistening 

appearance," giving them" the character of some of the Linguloid shells," and that 

it is marked by not only concentric lines but also by" very fine, often scarcely per

ceptible radiating strioo,"-all of which is wanting on the Minnesota specimen under 

consideration. But, as these differences may all be due to different methods of 

preservation, I have not taken them into account. 
Respecting the generic position of the shell there may be some doubt, because 

we have as yet no knowledge of the interior. Nor does the species seem to fit very 

well into any of the sections into which the genus has been divided. Certain it is 

that it is not very closely related to any of the numerous species described. Perhaps 

it is the most like C. socialis, with which it is also associated, but it will be distin

guished readily enough by its shorter and rounder form, fuller umbones and more 

distinctly striated surface. 

Formation and locality.-Upper part of the middle third of the Trenton shales, Chatfield, Minnesota. 
The types of this species are from the upper part of the Pogonip group, Eureka District, Nevada. 

Genus CLIDOPHORUS, Hall. 

Clidophol'US, HALL, 1847. Pal. N. Y., vol. i, p. 300. 
Compare Nuc~£lites, CONRAD, 1841. Ann. Rep. Geol. N. Y., p. 49; and Cucullella, McCoY, 1855 . 

• 
I prefer not to characterize this genus at the present time, nor to express any 

definite opinion respecting its relations to Cucullella, McCoy, and Nuculites, Conrad, 

for the simple reason that I have had no opportunity to study the typical species of 

the genera. It should be stated, however, that many authorities regard t'he three 

names as synonymous and that, unless new distinctive features are brought out, 

their views cannot be successfully combated. 

CLIDOPHORUS CONSUETUS Ulrich. 

PLATE XXXVlI. FIGS. 32 and 33. 

Clidophor~ts consuetu8 ULRICH, 1892. Nineteenth Ann. Rep. Geo!. and Nat. Hist. Sur. Minn., p. 223. 

Shell above the medium size for the genus, transverse, moderately elongate

ovate, rather strongly convex, the length equaling nearly twice the hight. Beaks 

small, incurved, flattened. Dorsal line convex, sloping downward behind the beaks 
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marked by regular sharp, though fine, concentric strim in the posterior half, the 

anterior half appearing smooth. Hinge and interior unknown. 

The single specimen of this form seen from Minnesota, agrees so well in its 

outline and general appearance with Walcott's figures of T. hamburgensis that I am 

obliged to refer it to his specieis. It should be remarked, however, that the surface 

of the N evac1a types of the species is described as presenting" a smooth, giistening 

appearance," giving them" the character of some of the Linguloid shells," and that 

it is marked by not only concentric lines but also by "very fine, often scarcely per

ceptible radiating strim,"-all of which is wanting on the Minnesota specimen under 

consideration. But, as these differences may all be due to different methods of 

preservation, I have not taken them into account. 
Respecting the generic position of the shell there may be some doubt, because 

we have as yet no knowledge of the interior. Nor does the species seem to fit very 

well into any of the sections into which the genus has been divided. Certain it is 

that it is not very closely related to any of the numerous species described. Perhaps 

it is the most like C. sociaZis, with which it is also associated, but it will be distin

guished readily enough by its shorter and rounder form, fuller umbones and more 

distinctly striated surface. 

Fonnation and locality.-Upper part of the middle third of the Trenton shales, Chatfield, Minnesota. 
The types of this species are from the upper part of the Pogonip group, Eureka District, Nevada. 

Genus CLIDOPHORUS, Hall. 

Clidopho1'1ts, HALL, 1847. Pal. N. Y., vol. i, p. 300. 
Compare Nuwlites, CONRAD, 1841. Ann. Rep. Geul. N. Y., p. 49; and Cucullella, McCoY, 1855 . 

• 
I prefer not to characterize this genus at the present time, nor to express any 

definite opinion respecting its relations to CucuZZella, McCoy, and Nuculites, Conrad, 

for the simple reason that I have had no opportunity to study the typical species of 

the genera. It should be stated, however, that many authorities regard t'he three 

na,mes as synonymous and that, unless new distinctive features are brought out, 

their views cannot be successfully combated. 

CLIDOPHORUS CONSUETUS Ulrich. 

PLATE XXXVlI, FIGS. :32 and 33. 

Clidophorus consuetus ULRICII, 1892. Nineteenth Ann. Rep. Geol. and Nat. Hist. Sur. Minn., p. 223. 

Shell above the medium size for the genus, transverse, moderately elongate

ovate, rather strongly convex, the length equaling nearly twice the hight. Beaks 

small, incurved, flattened. Dorsal line con vex, sloping downward behind the beaks 
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to the narrowly rounded posterior extremity. Anterior end neatly rounded, wider 

than the posterior. Ventral margin gently convex in the middle, more strongly and 

almost equally curved at the ends. An obscure umbonal ridge traceable from the 

beaks three-fourths of the distance to the posterior basal edge. Above it an 

impressed narrow line, beyond which the surface descends rapidly to the dorsal 

margin. Casts of the interior with a narrow, slightly curved, clavicular impression 

just in front of the beaks, extending but little more than one-third of the distance 

to the antero-basal margin. Surface of casts with a few obscure growth lines or 

folds. Point of greatest convexity a little above and behind the center of the shell. 

In a dorsal view the central half of the outline is very slightly flattened. 

Length, 17.2 mm.; hight, 9.0 mm.; thickness of both valves, 5.3 mm. 

This shell appears to be related to C. cuneatus and C. elon,qatus, described by Hall 

from the Silurian rocks of Nova Scotia (Can. Nat. and Geol., vol. 5, pp. 148 and 150, 

1860). It is, however, specifically distinct, the shape being different and the poste

rior sinus situated higher up and very much less defined. C. planulatus (Conrad) and 

C. eZZipticus Ulrich, also have somewhat different outlines and have the cardinal 

slopes less abrupt, the whole surface in those species being more uniformly and less 
convex. 

Formation and locality. -Middle Galena near Wykuff, Minnesota, where it is associated with Cteno
donta intermedia. 

CLIDOPHORUS NEGLECTUS Iiall. 

PLATE XLII, FIGS. 20-25. 

Clidophorus neglectus HALL, 1862. Geol. Sur. Wis., vol. 1, p. 55. (Figured but not descritwd.) 
Oompare Clidophorus (Nucula) fabula HALL, 1845. Amer. Jour. Sci. and Arts, vol. xliii, p. 205. 

Shell varying greatly in size, the smallest observed having a hight of only 2.5 

mm., with a length of 5 mm., while in the largest seen (from Graf, Iowa,) these 

dimensions are respectively 8.5 mm. and 16 mm.; thickness of the latter about 
6 mm. 

Shell transversly subelliptic, rather strongly convex; ends subequally rounded, 

the anterior generally a little narrower than the posterior; the outline of the latter, 

however, often exhibits a tendency to become angular just beneath the middle and 

obliquely subtruncate above; basal and dorsal margin broadly convex. Beaks small, 

somewhat tumid, placed about one-third of the length of the shell behind the ante

rior extremity. Surface marked by' fine concentric lines and several stronger varices 

of growth; the latter show through the shell so as to be visible on casts of the inte

rior. Hinge plate narrow, not over half the length of the shell, minutely toothed; 

denticles twenty or more in each valve, three-fourths of the number being posterior 
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to the narrowly rounded posterior extremity. Anterior end neatly rounded, wider 

than the posterior. Ventral margin gently convex in the middle, more strongly and 

almost equally curved at the ends. An obscure umbonal ridge traceable from the 

beaks three-fourths of the distance to the posterior basal edge. Above it an 

impressed narrow line, beyond which the surface descends rapidly to the dorsal 

margin. Casts of the interior with a narrow, slightly curved, clavicular impression 

just in front of the beaks, extending but little more than one-third of the distance 

to the antero-basal margin. Surface of casts with a few obscure growth lines or 

folds. Point of greatest convexity a little above and behind the center of the shell. 

In a dorsal view the central half of the outline is very slightly flattened. 

Length, 17.2 mm.; hight, 9.0 mm.; thickness of both valves, 5.3 mm. 

This shell appears to be related to C. cuneatus and C. elongatus, described by Hall 

from the Silurian rocks of Nova Scotia (Can. Nat. and Geol., vol. 5, pp. 148 and 150, 

1860). It is, however, specifically distinct, the shape being different and the poste

rior sinus situated higher up and yery much less defined. C. planulatus (Conrad) and 

C. ellipticus Ulrich, also have somewhat different outlines and have the cardinal 

slopes less abrupt, the whole surface in those species being more uniformly and less 

convex. 

Formation and locality. -Middle Galena near Wykuff, Minnesota, wher(:, it is associated with Cteno
donta intermedia. 
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PLATE XLII, FIGS. 20-25, 

Clidophorus neglectus RALL, 1862. Geo!. Sur. Wis., vo!. 1, p. 55. (Figured but nut descrit)('ll.) 
Oompare Clidophorus (Nttcula) fabllla HALL, 1845. Amer. Jour. Sci. and Arts, vul. xliii, p. 2!J5. 

Shell varying greatly in size, the smallest observed having a hight of only 2.5 

mm., with a length of 5 mm., while in the largest seen (from Graf, Iowa,) these 

dimensions are respectively 8.5 mm. and 16 mm.; thickness of the latter about 

6 mm. 

Shell transversly subelliptic, rather strongly convex; ends subequally rounded, 

the anterior generally a little narrower than the posterior; the outline of the latter, 

however, often exhibits a tendency to become angular just beneath the middle and 

obliquely subtruncate above; basal and dorsal margin broadly convex. Beaks small, 

somewhat tumid, placed about one-third of the length of the shell behind the ante

rior extremity. Surface marked by' fine concentric lines and several stronger varices 

of growth; the latter show through the shell so as to be visible on casts of the inte

rior. Hinge plate narrow, not over half the length of the shell, minutely toothed; 

denticles twenty or more in each valve, three-fourths of the number being posterior 
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to the beaks, placed obliquely and so that they converge inwardly, the direction of 

the anterior series being nearly at right angles to that of the posterior series. 

Clavicle strong, nearly straight, almost vertical, sharply defining the somewhat semi

circular and large anterior muscular scar and leaving a strong furrow in casts of the 

interior just in advance of each beak. The furrow extends beyond the middle of 

the distance to the basal margin. Posterior scar faint, smaller than the anterior, 

occupying a central position on the post-cardinal slope. Several small umbonal 

scars may be observed on good casts, and obscure rays are occasionally visible on 

their sides. 

Hall's C. tabula, described from Cincinnati specimens less than 2 mm. in length, 

seem to me to be nothing more than a dwarfed variety of this species. 

Formation and locality.-In the so-called ., Nucula Beds" of the Maquoketa (Hudson River) shales at 
several localities in Lafayette county, Wisconsin; Jo Daviess county, Illinois, and near Dubuque and GrafE 
in Iowa. It is to be found, I thinl{, in the equivalent beds in Fillmore county, Minnesota. 

lIIus. Reg. No. 73:16. 

Family L YRODESMIDJE, Ulrich. 

A reconsideration of the genera included in this family, on page 486 of this work, 

has convinced me fully that they are improperly associated and that the family must 

for the present rest solely on the typical genus. Dr. S. A. Miller was, I now believe, 

right in proposing a new family for his genus Technophorus (N. A. Geol. and Pal., p. 458, 

Ul89), but he should have included the closely related Ischyrina, Billings, a genus 

doubtfully referred by him to the Trigoniiclm. The new genus Alloclesma proves to 

be related to Cyclochoncha, Miller, rather than to L1Jroclesma and should therefore be 

removed to the provisional family Cycloconchiclcc. 

The proper arrangement of these three families in a scheme of classification is 

a point upon which it is very difficult to come to a satisfactory determination. Con

siderable agreement in structure is to be traced between them, and at times I might 

go so far as to say that they should be regarded as closely related. Still, in view of 

the fact that each in one way or another resembles types classed in such widely 

distinguished families as the Trigoniiclce, Crassatelliclcc, Cyreniclce and Myiclce more 

closely than they do known Devonian and Carboniferous forms, it would obviously 

be an expression of opinion quite insufficiently supported by facts. 

Genus L YRODESMA, Conrad. 

LYTOclesmct, CONRAD, 1841. Ann. Geol. Rep. N. Y., p. 51; HALL, 1847, Pal. N. Y., vol. 1, p. 302. 
Actinoclonta, PHILLIPS. 1848. Mem. Geol. Sur. Great Britain, ii. 

Shell moderately convex, larger than high, ovate to sub quadrate, rounded in 

frout, usually obliquely truncate behind and more or less angular post-basany, 
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interior just in advance of each beak. The furrow extends beyond the middle of 

the distance to the basal margin. Posterior scar faint, smaller than the anterior, 

occupying a central position on the post-cardinal slope. Several small umbonal 

scars ma,y be observed on good casts, and obscure rays are occasionally visible on 
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Hall's C. tabula, described from Cincinnati specimens less than 2 mm. in length, 

seem to me to be nothing more than a dwarfed variety of this species. 

Formation and locality.-In the so-called ., Nucula Beds" of the Maquoketa (Hudson River) shales at 
several localities in Lafayette county, Wisconsin; Jo Daviess connty, Illinois, and near Dubnque and Graff 
in Iowa. It is to be founel, I thinl{, in the equivalent beds in Fillmore county, Minnesota. 
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Family L YRODESMIDJE, Ulrich. 

A reconsideration of the genera included in this family, on page 486 of this work, 

has convinced me fully that they are improperly associated and that the family must 

for the present rest solely on the typical genus. Dr. S. A. Miller was, I now believe, 

right in proposing a new family for his genus Technophorus (N. A. Geol. and Pal., p. 458, 

U:>S9), but he should have included the closely related Ischyrina, Billings, a genus 

doubtfully referred by him to the Trigoniicl(c. The new genus Allodesma proves to 

be related to CyclocllOncha, Miller, ra,ther than to L1Jr'odesma and should therefore be 

removed to the provisional family Cycloconchiclce. 

The proper arrangement of these three families in a scheme of classification is 

a point upon which it is very difficult to come to a satisfactory determination. Con

siderable agreement in structure is to be traced between them, and at times I might 

go so far as to say that they should be regarded as closely related. Still, in view of 

the fact that each in one way or another resembles types classed in such widely 

distinguished families as the Trigoniiclce, Crassatellidce, Cyrenidce and 1~lyidce more 

closely than they do known Devonian and Carboniferous forms, it would obviously 

be an expression of opinion quite insufficiently supported by facts. 

Genus L YRODESMA, Conrad. 

Lyroclesmct, CONRAD, 184l. Ann. Geol. Rep. N. Y., p. 51; HALL, 1847, Pal. N. Y., vol. 1, p. 302. 
Actinodonta, PHILLIPS. ]848. Mem. Geol. Sur. Great Britain, ii. 

Shell moderately convex, larger than high, ovate to subquadrate, rounded in 

front, usually obliquely truncate behind and more or less angular post-hasany. 
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Beaks small, placed in front of the midlength; posterior umbonal ridge generally 

prominent, often angular; post-cardinal slope frequently with radiating lines, the 

rest of the surface with concentric strim only. Hinge consisting of from six to eight 

prominent, subequal, transversely striated teeth, radiating regularly from the beak 

and placed on a thick plate, which leaves a large oblong depression in the dorsal 

edge of casts of the interior. Adductor scars rather faintly impressed, the posterior 

one larger than the anterior. Two pairs of small pedal muscles, the anterior pair 

situated immediately above the anterior adductors, the posterior pair on each 

side of the hinge line just behind the hinge teeth. Pallial line slightly sinuate 
posteriorly. 

Type: L. planum Conrad. 

Of this excellently marked genus I know eleven or twelve American specific 

forms. Eight of these occur in the various horizons of the Cincinnati group, the 

remainder in the Trenton. Two additional species are catalogued by Bigsby among 

the European Lower Silurian shells. 

LYRODESMA ACUMINATUM, n. sp. 

PLATE XLII. FIGS. 1-5. 

SheH obliquely acuminate-ovate, the outline being drawn out to an acuminate 

extremity posteriorly; in the typical form (fig. 1), the hinge line is arcuate and passes 

gradually into the posterior margin, which, because of the flattening of this region 

projects, in a side view, but little beyond the sharply angular umbonal ridge; anterior 

end broad, regularly rounded; base straight posteriorly. Beaks small, arcuate, 

strongly incurved, not very prominent, situated somewhat less than one-third of the 

length from the anterior extremity. Surface with obscure, distant, concentric lines; 

on the posterior cardinal slope four or five radiating lines. Hinge with six teeth of 

which the anterior ones are considerably shorter than the posterior one, and the 

central ones curved backward. Posterior adductor impression unusually distinct; 

sinus in pallial line very small. 

The specimen represented by figures 3 and 4 (plate XLII), is one of several that 

I refer to this species with considerable doubt. The posterior end is too short caus

ing the beaks to be more central, and the post-cardinal margin is more prominent 

and subalated. The umbonal ridge js even sharper and more prominent, its greater 

distinctness being due to a somewhat greater flattening of the flanks of the valves. 

The hinge is injured in the specimen, but it is quite evident that the teeth have not 

that backward sweep which marks the typical form. Precisely the same form (see 

figure 45-h, page 611) occurs in the Trenton of Kentucky, but, so far as known, it is 
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not, as is the case in Minnesota, there associated with the typical form. The variety, 

which may take the na,me of intermedium, connects L. acuminatum with L. cincinnatiense 

Hall, being as nearly as possible intermediate between these species. The form of 

the shell and the prominence of the umbonal ridge will distinguish L. acuminatum 

from all of the other species. 

Formation and locality.-Middle third of the Trenton shales, Chatfield and near Cannon Falls, 
Minnesota. The var. inteTrnedium occurs at the same localities and in the Trenton limestone near 
Burgin, Kentucky. 

LYRODESMA CANNONENSE, n. sp. 

PLATE XLII. FIGS. 6-8. 

Nucula poststriata HALL, ]847. Pal. N. Y., vol. 1, p. 15], pI. 34, fig. 2a, 2b. (Not p. 301, pL 82, 
figs. lOa, b.) 

This small species of which only casts of the interior have been seen, is similar 

in shape to L. acuminatum var. intermedium. Critically compared it proves to be 

longer, and has the beaks farther anterior. The hinge line also appears to have been 

somewhat longer. Then there is a slight depression on the posterior side of the 

umbones which is not seen on casts of that species. In all these respects L. cannon

ense agrees very closely with L. subplanum, a new species from the Utica horizon of 

the Cincinnati group, at Covington, Kentucky, which I am describing in vol. vii of 

the reports of the Geological Survey of Ohio; and it is with that form that I beiieve 

its relations really lie. Comparing it with an excellent cast of that shell, the 

Minnesota form is distinguished by its shorter hinge line, more oblique posterior 

margin, more sharply angular umbonal ridge, and wider beaks. Though also smaller 

it cannot be denied that the two forms are very closely related, and probably nothing 

more than varieties of one species. 

The Trenton shell referred to by Hall in 1847 (lac. cit.) to Nuculites (now Lyro

desma) po~tstriatum Emmons, is not the same as the Hudson River type of that 
species, but probably belongs to L. cannonense. 

Formation and locality.-Galena shales near Cannon Falls, Minnesota. Also in the Trenton lime
stone, Carlisle, Pennsylvania. 
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LYRODESMA MAJOR Ulrich. 
Oleidophoru8 major ULRICH, 1879. Jour. ~in. Soc. Nat. Rist., vol. ii. p. ~5. 

Fig. 45. a, right valve of Lyrodesma major Ulrich; b, cardinal slope of same, x 2, showing the flne 
radiating striffi; c, interior of a right'valve; d, hinge of 8ame, x 2; e, left side of a cast of the interior of 
same, showing the muscular scars and pallial line with unusual distinctness; f, dorsal view of same, slightly 
enlarged; g, vertical section through a valve at the beak, showing thickness of hinge plate and why the 
beaks in casts are widely separated; specimens from upper beds of the Cincinnati group at Olarksville, 
Ohio. h, right valve of Lyrodesma acuminatum, var. intermedium, from the Trenton near Burgin, Ken
tucky. i, dorsal view of a cast of the interior of Technophorus extenuatus Ulrich, x 2, showing the 
united beaks, the flattening of the posterior dorsal edge and other features. 

Shell transversely sub ovate, unusually elongate for the genus, narrow poste

riorly; length of three testiferous examples 17, 24 and 28 mm., greatest hight of 

same (from beaks to basal margin) respectively, 11, 15 and 18 mm.; greatest thick

ness subcentral, somewhat greater than half the hight; anterior margin rounded, 

most prominent immediately above the middle of the hight, often straightened in 

the upper half to the beaks; base broadly yet rather strongly convex; posterior end 

long, somewhat attenuate, narrowly rounded at the extremity; cardinal outline 

declining each way from the beaks, more or less concave behind them. Be~ks rather 

prominent, small, incurved, situated about one-fourth of the entire length from the 

anterior extremity; umbones full, sharply rounded on the posterior side where the 

surface descends abruptly to the cardinal margin; behind the beaks the dorsum is 

first concave, then flat and finally low ridge-shaped; beneath. or rather in front of 

them, there is an impressed line on each side which defines an elongated lanceolate 

area. Surface nearly smooth, in one example exhibiting fine concentric striffi. All 

of the testiferous specimens however have twelve or more, fine radiating lines on 

the posterior umbonal ridge and cardinal slope. 

Hinge with six teeth in each valve, the four central ones much stronger than 

the marginal pair. Muscular scars strongly impressed, the anterior adductor sharply 

defined on. the inner side by a thin ridge running down from the hinge, narrowing 

above and surmounted by deep supplementary scars; posterior adductor elevated 
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Fig. 45. a, right valve of Lyrodesma major Ulrich; b, cardinal slope of same, x 2, showing the fine 
radiating stri::e; c, interior of a right"val ve; d, hinge of same, x 2; e, left side of a cast of the interior of 
same, showing the muscular scars and pallial line with unusual distinctness; f, dorsal view of same, slightly 
enlarged; g, vertical section through a valve at the beak, showing thickness of hinge plate and why the 
beaks in casts are widely separated; specimens from upper beds of the Oincinnati group at Clarksville, 
Ohio. h, right valve of Lyrodesrna acurninatum, var. interrnedium, from the Trenton near Burgio, Ken
tucky. i, dorsal view of a cast of the interior of Technophorlls extenuatus Ulrich, x 2, showiog the 
united beaks, the flattening of the posterior dorsal edge and other features. 
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riorly; length of three testiferous examples 17, 24 and 28 mm., greatest hight of 
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the upper half to the beaks; base broadly yet rather strongly convex; posterior end 

long, somewhat attenuate, narrowly rounded at the extremity; cardinal outline 

declining each way from the beaks, more or less concave behind them. Be::tks rather 

prominent, small, incurved, situated about one-fourth of the entire length from the 

anterior extremity; umbones full, sharply rounded on the posterior side where the 

surface descends abruptly to the cardinal margin; behind the beaks the dorsum is 

first concave, then flat and finally low ridge-shaped; beneath. or rather in front of 

them, there is an impressed line on each side which defines an elongated lanceolate 

area. Surface nearly smooth, in one example exhibiting fine concentric striffi. All 

of the testiferous specimens however have twelve or more, fine radiating lines on 

the posterior umbonal ridge and cardinal slope. 

Hinge with six teeth in each valve, the four central ones much stronger than 

the marginal pair. Muscular scars strongly impressed, the anterior adductor sharply 

defined on the inner side by a thin ridge running down from the hinge, narrowing 

above and surmounted by deep supplementary scars; posterior adductor elevated 



612 THE PALEONTOLOGY OF MINNESOTA. 
[Technophorus. 

anteriorly, situated in the cavity of the umbonal ridge about midway between the 

beaks and the posterior extremity of the shell; posterior pedal muscles strongly 

defined, situated on each side of the cardinal edge and just behind the hinge plate. 

Pallial line distinct, especially in front and along the base, sinuate posteriorly. 

This fine shell is in no wise related to Clidophorus, to which genus I originally re

ferred the indifferently preserved casts upon which the species was founded. Had I 

been acquainted with the appearance of casts of the interior of Lyrodesma, which are 

really very distinctive, it is not likely that I should have been led astray by the slit

like vertical depression in front of the beaks. Compared with other species of the 

genus, L. major is unusually long posteriorly and narrow without running to an 

acuminate extremity, the radiating lines on the umbonal ridge are finer and the 

muscular scars deeper. The species is so distinct that detailed comparIsons are 

scarcely necessary. Still it may be well to say that L. acuminatum and L. cannonense 

are pointed instead of rounded posteriorly and have much stronger umbonal ridges, 
while they are also less convex in their basal outlines. 

Formation and locality.-A small valve apparently belonging to this species was found in the Hudson 
River group near Spring Valley, Minnesota. Oasts of the interior are not uncommon near t,he tops of the 
hills about Oincinnati, Ohio. These are proportionally a little longer than the geologically higher form of 
the species which is represented in my cabinet by excellently preserved testiferous examples from the 
upper beds of the Oincinnati group at Olarksville, Ohio. 

Family TECHNOPHORIDJE, Miller. 
Genus TECHNOPHORUS, Miller. 

Technophorus, MILLER, 1889. North Amer. Geol. and Pal., p. 514. 

Shell small, equivalve, inequilateral, compressed convex, often attenuate and 

extended posteriorly; anterior end rather short, wider than the posterior, almost reg

ularly rounded in outline; beaks very small, scarcely, if at all prominent; one or two 

sharp ridges, with a furrow above each, arise near the beak and extend in a curved 

direction to the post-basal margin. Anterior part of surface marked with regular 

concentric lines, generally separated by rows of minute punctre; on the posterior 

part, especially the cardinal slope, those lines rarely coincide with the margins of 

the valves, but assume various arbitrary and sometimes ornamental arrangements. 

Internally a short and thick rib extends downward in each valve from the hinge 

directly in front of the beaks, while on the posterior side of same a shorter oblique 

rib, or a mere thickening of the hinge plate, causes the beaks in casts of the interior 

to appear much more erect and prominent than they do on the exterior of the shell. 

In casts the beaks of the two valves are not distinguishable but together form,a single 

pyramidal prominence. Anterior adductor scar small, situated immediately in front 

of the internal rib; posterior scar and pallial line not observed, although mOElt 
excellent casts were studied. 
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Type: Technophorus faberi Miller. 

The shells included in this genus are in several respects very remarkable. This 

is true in the first place of their surface ornamentation in which they differ more or 

less decidedly from all known paleozoic representatives of the class, with the possible 

exception of Ischyrina Billings, a genus that will be discussed presently. As a sec

ond, though no less important peculiarity, we have the character of the beaks as 

these appear in casts of the interior. In all wholly known Lanellibranchiata, namely, 

the beaks of the two valves are distinguishable in casts as two more or less promi

nent points separated, as the case may be, by a narrow or wider depressed space 

originally occupied by the hinge plate. In casts of Technophorus, on the contrary, the 

fillings of the cavities of the two beaks forms a single pyramidal prominen~e. (See 

fig. 45-i, p. 611). It is evident then that immediately beneath the beaks, the hinge plate 

must be excavated, and a careful examination of the beaks of casts of T extenuatus 

brought to light certain faint markings indicating that the excavation was occupied 

by either an internal cartilage or some peculiar type of muscle. The internal ribs 

are also unusually short and thick, and peculiar in this, that they meet in the center 

when the valves are closed so as to completely shut off the space occupied by the 

anterior adductor muscles from the cavity under the beaks. 

Unfortunately, the hinge proper is not shown by any of the specimens seen by 

me. Still, one of the casts of T. extenuatus shows a number of very small papiUm 

along both the anterior and posterior sides of the hinge line that may have been 

produced by minute denticles on the hinge plate. But we cannot accept such uncer

tain evidence, so that for the present the hinge must be regarded as incompletely 

known. Ischyrina, Billings, so far as known to me from the description and figures 

of the type species, 1. winchelli (Desc. Catal. Sil. Foss. Island Anticosti, p. 16; 1866) 

seems to be closely related to this genus. The internal ribs are better developed, the 

posterior one especially. Billings represents the latter as quite distinct from the 

hinge plate, which is not the case in Technophorus. There are posterior (Billings 

calls this side anterior) furrows and ridges, but the wing is very short. The beaks 

are stated to be small and obscure, but I have no means of knowing whether they 

appear in casts as merged into a single prominence or not. 1. plicata, described but 

not illustrated by Billings on p. 52 of the same catalogue, seems to agree much better 

with Technophorus faberi, and it is not improbable that it should be referred to this 

genus instead of Ischyrina. * 
-* Since the above was written and placed in the hands of the printer, I have had an opportunity, which lowe to the 
kindness of the officers of the Geological Survey of Canada, of studying the original types of Ischyrina winchelU and 1. plicata. 
In a cast of the interior of the first, the internal ribs are shown as represented by Billings. It shows further that the beaks 
are pressed down to the hinge and, though the impression is of one valve only, the evidence is fairly conclusive that the 
beaks were united in casts as in Technophorus. The second species proves to be, as I suspected, a true Technophorus, with 
close relations to T. subacutu8 and T. punctostriatu8. Its surface markings are minutely puncto-striate, with about eight of 
the finely pustulose concentric lines in 1 mm. 
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TECHNoPHoRus EXTENUATUS Ulrich. 

PLATE XXXVII. FIG. 34; PAGE 611, FIG. 45-i. 

Ttchnophorus? extenuattts ULRICII, ]892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 222. 

Casts of the interior small, compressed, somewhat elongate, alated and drawn 

out posteriorly. Beaks small, erect, moderately prominent, together forming a low 

pyramidal prominence, situated about one-fourth of the entire length from the ante

rior extremity. Just in front of the beaks the casts of the interior exhibit a deep 

though not very long impression; the posterior umbonal rib left an obscure furrow 

on each side of the hinge line. Anterior end broad, rounded, most prominent in the 

upper third; ventral margin broadly convex and slightly produced a little in front 

of the middle; behind this point the outline is nearly straight (slightly concave) 

sloping up toward the narrow (? pointed) posterior extremity. Cardinal line nearly 

as long as the entire shell, gently concave behind the beaks. A thin sharply defined 

ridge, slightly curved, extends across each valve from the beak to the lower side 

of the posterior end. Surface gently convex in the anterior half, faintly constricted 

in front of the ridge, and marked with obscure, concentric wrinkles of growth. A 

specimen preserving a small part of the shell, shows that the external surface is 

marked, at any rate on the sides, by closely arranged, sharp, elevated lines, separated 

by rows of small punctrn. 
Length about 21 mm., greatest hight 10 mm" greatest convexity about 3.5 mm. 

This species, which I now regard as undoubtedly congeneric with the Cincinnati 

shell upon which Dr. Miller founded the genus Technophorus, is distinguished by the 

prominently rounded centro-basal margin, and the greatly produced posterior wing. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis and St. Paul, Minnesota. 

TECHNOPHoRus SUBACUTUS Ulrich. 

PLATE XL. FIGS. 33 and 34. 

Technophorus subacttttts ULRICH, 1892. Amer. Geol., vol. x, p. 101. 

Shell small, rather ventri0ose, alated posteriorly, the hight and length respec

tivelyas two is to three. Cardinal margin nearly straight, anterior end uniformly 

rounded, ventral edge more gently curved, the posterier straight and sloping back

ward slightly to the acuminate extremity of the hinge line. In a cast of the interior 

of a left valve, the small beak is erect, projects prominently above the hinge line, 

and is situated about one-third of the entire length from the anterior extremity. 

Just in front of the beak there is a strong and deep impression, running almost 

vertically downward. On the anterior side this slit margins a rather large muscular 

sear. Extending backward from the beak the cast exhibits another but in this case , , 
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very obscure linear depression. The entire rostrum also is somewhat constricted, 

presenting an appearance that may have been produced by a slight internal thick

ening of the shell, extending from the anterior to the posterior umbonal rib. Two 

curved folds, the posterior one the strongest, extend from the postero-ventral angle 

toward the beaks, becoming indistinguishable, however, about midway between the 

two points. Surface markings ~Llld hingement unknown. 

Length 11.5 mm., hight 6.8 mm., convexity of one valve about 2.2 mm. 

This incompletely known species is very similar in hoth the outline and general 

expression to T. punctostriatus Ulrich, from the middle heds of the Cincinnati group in 

Ohio and Kentucky. Though doubtless closely related, a careful comparison of internal 

casts-the only condition in which the present species is known-proves that they can 

be separated, the Minnesota species having the beaks more anterior and more prom

inent, the anterior margin more uniformly rounded, and the post-cardinal outline 

more concave, while the posterior ridges are more oblique and do not, as is the case 

in casts of the Cincinnati shell, extend beyond the middle of the distance to the beaks. 

;None of the other species are near enough to require comparisons. 
Formation and locality.-The specimen described was found in the upper part of the Trenton lime' 

stone at Minnpapolis, Minnesota. The same piece of stone contains numerous specimens of Orthis perveta 
Conrad, and Zygospira (Hallina) nicolleti W. and S. 

TEOHNoPHoRUS FILISTRIATUS Ulrich. 

PLATE XL. FIGS. 35 and 36. 

Technophorus filistriatus ULRICH, 1892. Amer. Geol., vol. x, p. 101. 

Shell small, though large for the genus, compressed, with the greatest convexity 

in the anterior half) scarcely alate posteriorly, the hight and length as three is to five. 

Beaks small, projecting very little, slightly incurved, one-third of the entire length 

of shell from the anterior extremity. Anterior end much the widest, broadly and 

uniformly rounded except above where the curve turns rather sharply into the hinge 

line. Ventral margin rounded in front, straight and sloping upward in the posterior 

half to the acute extremity. Posterior margin short, apparently straight and 

sloping forward, cardinal margin straight, except for a slight prominence in the 

region of the beaks. Anterior half of surface marked with closely arranged, 

thread-like, concentric lines, between which small punctffi are obscurely visible 

on the specimen described. These markings seem to be wanting in the posterior 

half, only a few obscure growth lines being visible here. Posterior ridge sharp 

and strong, very gently curved in its course from the beak to the produced 

lower angle of the posterior extremity of the shell. Between this ridge and a line 

drawn vertically across the shell from the beaks, the surface is depressed, forming a 
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presenting an appearance that may have been produced by a slight internal thick

ening of the shell, extending from the anterior to the posterior umbonal rib. Two 

curved folds, the posterior one the strongest, extend from the postero-ventral angle 
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lower angle of the posterior extremity of the shell. Between this ridge and a line 

drawn vertically across the shell from the beaks, the surface is depressed, forming a 
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widening shallow sulcus and the straightening of the ventral margin. Postero

cardinal slope concave, narrow, descending rather rapidly, not well preserved in the 

specimen. Interior unknown; shell substance very thin. 
Length 21 mm., hight 12.5 mm., greatest convexity (of a left valve) 2.5 mm. 

Formation and locality.-Upper part of the middle third of the Trenton shales near ~annon Falls, 
Minnesota. It is associated with Plethocardia umbonata, Ctenodonta planodorsata, Mathena rugosa and 
other shells characterizing this horizon. 

TECHNOPHORUS DIVARICATUS Ulrich. 

PLATE XL, FIGS. 37 and 38. 

Technophorus dival'icatus ULRICH, 1892. Amer. Geol. vol. x, p. 102. 

Shell small, moderately convex, elongate, the length a little more than twice the 

hight. Beaks small, scarcely projecting above the hinge line, situated about one

third of the entire length from the anterior extremity. Dorsal margin nearly 

straight, (faintly concave on each side of the beaks) about three-fourths as long as 

the shell, terminating abruptly where it joins the concave posterior edge, with the 

upper part of which it forms an angle little short of 90°. Anterior end a little higher 

than the posterior, strongly rounded in outline, especially above; below rounding 

neatly into the at first gently convex, then straight and finally concave basal line. 

Posterior ridge thin but very prominent, curving slightly in its course from the beak 

to the sharply produced postero-basal angle. Surface uniformly convex and marked 

with fine, thread-like concentric lines in the antero-basal three-fifths beyond which 

it first descends into a sulcus and then ascends sharply to the summit of the ridge, 

dropping on the other side even more abruptly into the wing-like postero-dorsal part 

of the shell. On each side of the posterior ridge there are distinct divaricating lines, 

twice as strong as the concentric lines on the anterior part of the shell. They join each 

other on the ridge, while those on the lower side of the latter meet the concentric 

lines at angles of about 70°. Finally there is another set of such lines along the dorsal 

edge, running parallel with the set on the lower side of the ridge. Under a magni

fier, with certain lights, these lines appear as though minutely crenulated. Internal 
characters unknown; shell substance very thin. 

Length 12.5 mm., hight at the beaks, 5.8 mm., hight at posterior end of hinge, 
5.1 mm., greatest thickness of closed valves, 4.1 mm. 

Casts of the interior would he distinguished by having the dorsal and ventral 

margins more nearly parallel than is the case in any of the other species referred to 

the genus, except T. punctostr'iatus of the Cincinnati group, which is, however, a 

shorter shell, and widely different in other respects. With the shell in a good state 
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widening shallow sulcus and the straightening of the ventral margin. Postero

cardinal slope concave, narrow, descending rather rapidly, not well preserved in the 

specimen. Interior unknown; shell substance very thin. 
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Minnesota. It is associated with Plethocardia umbonata, Ctenodonta planodorsata, Mathena rugosa and 
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Technophorus dival'icatus ULRICH, 1892. Amer. Geol. vol. x, p. 1Q2. 

Shell small, moderately convex, elongate, the length a little more than twice the 

hight. Beaks small, scarcely projecting above the hinge line, situated about one

third of the entire length from the anterior extremity. Dorsal margin nearly 

straight, (faintly concave on each side of the beaks) about three-fourths as long as 

the shell, terminating abruptly where it joins the concave posterior edge, with the 

upper part of which it forms an angle little short of 90°. Anterior end a little higher 

than the posterior, strongly rounded in outline, especially above; below rounding 

neatly into the at first gently convex, then straight and finally concave basal line. 

Posterior ridge thin but very prominent, curving slightly in its course from the beak 

to the sharply produced postero-basal angle. Surface uniformly convex and marked 
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edge, running parallel with the set on the lower side of the ridge. Under a magni

fier, with certain lights, these lines appear as though minutely crenulated. Internal 
characters unknown; shell substance very thin. 

Length 12.5 mm., hight at the beaks, 5.8 mm., hight at posterior end of hinge, 
5.1 mm., greatest thickness of closed valves, 4.1 mm. 

Casts of the interior would he distinguished by having the dorsal and ventral 

margins more nearly parallel than is the case in any of the other species referred to 

the genus, except T. punctostr'iatus of the Cincinnati group, which is, however, a 

shorter shell, and widely different in other respects. With the shell in a good state 
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of preservation the species is distinguished from all Silurian lamellibranchs by the 

peculiar surface ornamentation. 

Formation and locality.-Near Cannon Falls, Minnesota, in the upper third of the 'l'renton shales. 

Family CYCLOCONCHIDJE, Ulrich. 

A full description of the typical genus of this family, and of several species of 

same, will be found in vol. viii of the reports of the Geological Survey of Ohio. 

Genus ALLODESMA, n. gen. 

Modiolopsis (part.), ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 226. 

Shell small, transversely elongate-elliptical, moderately convex; beaks anterior, 

small, surface with concentric lines of growth. Hinge apparently with one or two 

long posterior lateral teeth in each valve, two cardinal teeth in the right valve, and 

only one in the left; anterior laterals short or wanting. Anterior adductor scar 

distinct, large, ovate, margined on the inner side by a strong curved ridge extending 

downward from the hinge at a point immediately in front of the beaks. Just above 

the adductor impressions and in front of the ridge, a small pedal muscle scar. 

Posterior adductor impression faint, larger than the anterior, of rounded form, situ

ated near the middle of the posterior cardinal slope. Pallial line simple. 

Type: A (Modiolopsis) subellipticum Ulrich. 

The species upon which the genus is founded has really no relation to Modio

lops'is with which I provisionally associated it. The original type gave no hint of 

the character of the hinge, or I would never have thought of the arrangement first 

adopted. A better specimen, recently collected, at once led to comparisons with the 

very different genus Cycloconcha, Miller, and proved that the relations of the shell 

were really with that genus. The only features wherein Allodesma differs from 

Cycloconcha, so far as data now at hand will admit of judgment, are first, the more 

elongate form of the shell; second, the anterior position of the beaks; third, the 

curved ridge forming the inner border of the anterior muscular scar, and fourth, the 

shortness or entire absence of anterior lateral teeth in the hinge. These differences, 

though certainly of generic value, are not, as it now appears, of sufficient importance 

to exclude the new genus from the Cycloconchidce. 

ALLODESMA SUBELLIPTICUM Ulrich. 

PLATE XLII, FIGS. 9-14. 

ModioZopsis subelliptica ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 226. 

Shell small, elongate-elliptical in outline, the length about twice as great as the 

hight; ends almost equally rounded, base broadly convex, cardinal outline more 
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of preservation the species is distinguished from all Silurian lamellibranchs by the 
peculiar surface ornamentation. 

Farmatian and lacality.-Near Oannon Falls, Minnesota, in the upper third of the 'l'renton shales. 

Family CYCLOUONCHIDJE, Ulrich. 

A full description of the typical genus of this family, and of several species of 

same, will be found in vol. viii of the reports of the Geological Survey of Ohio. 

Genus ALLODESMA, n. gen. 

Madialapsis (part.), ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 226. 

Shell small, transversely elongate-elliptical, moderately convex; beaks anterior, 

small, surface with concentric lines of growth. Hinge apparently with one or two 

long posterior lateral teeth in each valve, two cardinal teeth in the right valve, and 

only one in the left; anterior laterals short or wanting. Anterior adductor scar 

distinct, large, ovate, margined on the inner side by a strong curved ridge extending 

downward from the hinge at a point immediately in front of the beaks. Just above 

the adductor impressions and in front of the ridge, a small pedal muscle scar. 

Posterior adductor impression faint, larger than the anterior, of rounded form, situ

ated near the middle of the posterior cardinal slope. Pallial line simple. 

Type: A (Modiolopsis) subellipticum Ulrich. 

The species upon which the genus is founded has really no relation to Modio

lops'is with which I provisionally associated it. The original type gave no hint of 

the character of the hinge, or I would never have thought of the arrangement first 

adopted. A better specimen, recently collected, at once led to comparisons with the 

very different genus Cycloconcha, Miller, and proved that the relations of the shell 

were really with that genus. The only features wherein Allodesma differs from 

Cycloconcha, so far as data now at hand will admit of judgment, are first, the more 

elongate form of the shell; second, the anterior position of the beaks; third, the 

curved ridge forming the inner border of the anterior muscular scar, and fourth, the 

shortness or entire absence of anterior lateral teeth in the hinge. These differences, 

though certainly of generic value, are not, as it now appears, of sufficient importance 

to exclude the new genus from the Cycloconchidce. 

ALLODESMA SUBELLIPTICUM Ulrich. 

PLATE XLII, FIGS. !l-14. 

Madialapsis subelliptica ULRICH, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 226. 

Shell small, elongate-elliptical in outline, the length about twice as great as the 

hight; ends almost equally rounded, base broadly convex, cardinal outline more 
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gently arcuate. Beaks small, incurved, projecting but little above the hinge, situated 

about one-fifth of the entire length from the anterior extremity; umbonal ridge 

rounded, not strong, distinguishable chiefly in the upper third of the shell, where it 

causes a flattening or slight concavity in the slope to the cardinal edge. Sides of 

valves moderately convex, with point of greatest convexity a little in front of and 

above the middle. 
Casts of the interior exhibit a strongly defined ovate anterior muscular scar, 

bounded upon the inner side by a distinct linear depression which must have been 

produced by an internal ridge in the valves extending downward from the hinge 

just in front of the beaks. Immediately above the adductor impressions there is a 

minute but distinct pair of, presumably, pedal muscle scars. Posterior adductor 

impressions very faint, rounded, situated a short distance within the middle of the 

post-cardinal margin. Pallial line not very well defined, simple. Dorsum of cast 

exhibiting impressions of cardinal and lateral teeth, indicating a hinge as shown in 

figs. 13 and 14 on plate XLII. 
So far as known the beds from which this species was obtained contain no 

lamellibranch with which it is at all likely to be confounded. 

Formation and locality.-GaJena shales near Cannon Falls, Minnesota. 

Family PHOLADELLIDJE, Miller. 

Genus RHYTIMY A, Ulrich. 
Orthodesma, WHITFIELD, 18'18. Jour. Cin. Soc. Nat. Rist., vol. i, p. 139; MILLER, 1881, idem., vol. iv, 

p. 76. (Not Orthodesma, BALL and WHITFIELD, 1875, Pal. Ohio, 
vol. ii, p. 93.) 

? Sedgwickia, WHITFIELD, 1878. Jour. Cin. Soc. Nat. Bi8t., vol. i, p. 140. (Not Sedgwickia, McCoy 
1844, Synnp. Carbo I<'oss. Ireland, p. 61.) 

Shell elongate, moderately ventricose, the dorsal and ventral margins subparallel, 

gaping slightly at one or both ends. Beaks rather prominent, situated from one

third to one-fifth of the entire length behind the anterior extremity; posterior 

umbonal ridge rounded, never very prominent; mesial sulcus wide, generally very 

shallow, often however causing a sinuosity in the ventral margin. Lunule very 

narrow, true escutcheon wanting, ligament external, attached to the edges of the 

valves, extending the greater part of the hinge line posterior to the beaks. Hinge 

apparently edentulous, test very thin. Muscular and pallial attachments exceedingly 

faint, not satisfactorily observed; pm;terior scar large. Surface marked with 

unequal concentric lines and furrows, gathered into a series of strong folds on the 

anterior end. On the posterior half or more, the ventral part especially, the concentric 

lines are crossed by closely arranged radiating series of small granules or spines. 
Type: Rhytimya producta n. sp. 
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gently arcuate. Beaks small, incurved, projecting but little above the hinge, situated 

about one-fifth of the entire length from the anterior extremity; umbonal ridge 

rounded, not strong, distinguishable chiefly in the upper third of the shell, where it 

causes a flattening or slight concavity in the slope to the cardinal edge. Sides of 

valves moderately convex, with point of greatest convexity a little in front of and 

above the middle. 
Casts of the interior exhibit a strongly defined ovate anterior muscular scar, 

bounded upon the inner side by a distinct linear depression which must have been 

produced by an internal ridge in the valves extending downward from the hinge 

just in front of the beaks. Immediately above the adductor impressions there is a 

minute but distinct pair of, presumably, pedal muscle scars. Posterior adductor 

impressions very faint, rounded, situated a short distance within the middle of the 

post-cardinal margin. Pallial line not very well defined, simple. Dorsum of cast 

exhibiting impressions of cardinal and lateral teeth, indicating a hinge as shown in 

figs. 13 and 14 on plate XLII. 
So far as known the beds from which this species was obtained contain no 

lamellibranch with which it is at all likely to be confounded. 

Formation and locality.-GaJena shales near Cannon Falls, Minnesota. 

Family PHOLADELLIDJE, Miller. 

Genus RHYTIMY A, Ulrich. 

Orthodesma, WHITFIELD, 1878. Jour. Cin. Soc. Nat. Rist., vol. i, p. 139; MILLER, 1881, idem., vol. iv, 
p. 76. (Not Orthodesma, HALL and WHITFIELD, 1875, Pal. Ohio, 
vol. ii, p. 93.) 

? Sedgwickia, WHITFIELD, 1878. Jour. Cin. Soc. Nat. Hiet., vol. i, p. 140. (Not Sedgwickia, McCoy 
1844, Synnp. Carbo Foss. Ireland, p. 61.) 

Shell elongate, moderately ventricose, the dorsal and ventral margins subparallel, 

gaping slightly at one or both ends. Beaks rather prominent, situated from one

third to one-fifth of the entire length behind the anterior extremity; posterior 

umbonal ridge rounded, never very prominent; mesial sulcus wide, generally very 

shallow, often however causing a sinuosity in the ventral margin. Lunule very 

narrow, true escutcheon wanting, ligament external, attached to the edges of the 

valves, extending the greater part of the hinge line posterior to the beaks. Hinge 

apparently edentulous, test very thin. Muscular and pallial attachments exceedingly 

faint, not satisfactorily observed; posterior scar large. Surface marked with 

unequal concentric lines and furrows, gathered into a series of strong folds on the 

anterior end. On the posterior half or more, the ventral part especially, the concentric 

lines are crossed by closely arranged radiating series of small granules or spines. 
Type: Rhytimya producta n. sp. 
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This genus is placed with much confidence into the same family as Hall's two 

Devonian genera Pholadella and Cimitaria and the Carboniferous genus Allorisma, 

King. It is with the latter, however, that the implied relationship is easiest estab

lished. The general expression of the shells is not much unlike in the two genera, 

and in both the surface is grano-lineate and concentrically plicated; but here we 

find one of the peculiarities of the Lower Silurian genus. In the latter, namely, the 

folds are, when not entirely restricted to the anterior end, at any rate always the 

strongest there, while in Allorisma they are strongest in the umbonal and central 

parts of the valves. The hinge and the muscular impressions also, in the absence of 

any knowledge to the contrary, are believed to be very nearly the same in the two 

genera. The principal difference probably is the absence of a lanceolate escutcheon 

in RhyUmya. A well defined escutcheon is developed also in Pholadella and Cimi

taria and these genera are further distinguished from Rhytimya by their large 

umbones. 

In having the concentric surface markings strongest on the anterior end, these 

shells agree with Sedgw{ckia, McCoy, founded upon Carboniferous species. But after 

a careful comparison with the figures and descriptions of the species which McCoy 

himself placed under that genus, I am quite cOllvinced that the Lower Silurian 

types are not congeneric with the Carboniferous forms. There would be equally 

good reasons for including them in the same author's genus Sanguinolites. 

With the exception of R. sinuata, which is from the middle Galena of Minnesota 

and next described, the genus is known only from the rocks of the Cincinnati group. 

The total number of species known is nine. Of these six are new and three have 

been described and referred to other genera, namely, S. A. Miller described one under 

the name of Orthodesma byrnesi, and Whitfield two under the names of Orthodesma 

mickleboroughi and Sedgwickia lunulata.* The original of the last species has a well 

developed lunule and is much shorter than any of the other species. But it is evident 

that the specimen has been much distorted by pressure. Descriptions and figures of 

all the Uincinnati species except R. lunulata are to be published in vol. vii of the 

reports of the Geological Survey of Ohio. 

RHYTIMYA SINUATA, n. sp. 

PLATE XXXVI. FIGS. 46 and 47. 

Shell rather small, about 25 mm. long, 12 mm. high at the beaks, and 11.2 mm. 

across the posterior end, with the thickness very nearly equalling the hight. Car

dinal outline declining anterior to the beaks, slightly sinuate posterior to them; 
* A recent examination of Billings' originaltypes of Canadian Lower Silurian Lamellibrancbas proves t.bat bis Cy,iodonta 

emma, from the Hudson River rocks of Anticosti, is really ... species of Rhytimya. It is closely related to R. sinuata and 
R. producta. 
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This genus is placed with much confidence into the same family as Hall's two 

Devonian genera Pholadella and Cirnitaria and the Carboniferous genus Allorisma, 

King. It is with the latter, however, that the implied relationship is easiest estab

lished. The general expression of the shells is not much unlike in the two genera, 

and in both the surface is grano-lineate and concentrically plicated; but here we 

find one of the peculiarities of the Lower Silurian genus. In the latter, namely, the 

folds are, when not entirely restricted to the anterior encl, at any rate always the 

strongest there, while in Allorisma they are strongest in the umbona,l and central 

parts of the valves. The hinge and the muscular impressions also, in the absence of 

any knowledge to the contrary, are believed to be very nearly the same in the two 

genera. The principal difference probably is the absence of a lanceolate escutcheon 

in Rhytimya. A well defined escutcheon is developed also in Pholadella and Cimi

taria and these genera are further distinguished from Rhytimya by their large 
umbones. 

In having the concentric surface markings strongest on the anterior end, these 

shells agree with Sedgwickia, McCoy, founded upon Carboniferous species. But after 

a careful comparison with the figures and descriptions of the species which McCoy 

himself placed under that genus, I am quite cOllvinced that the Lower Silurian 

types are not congeneric with the Carboniferous forms. There would be equally 

good reasons for including them in the same author's genus Sanguinolites. 

With the exception of R. sinuata, which is from the middle Galena of Minnesota 

and next described, the genus is known only from the rocks of the Cincinnati group. 

The total number of species known is nine. Of these six are new and three have 

been described and referred to other genera, namely, S. A. Miller described one under 

the name of Orthodesma byrnesi, and Whitfield two under the names of Orthodesma 

miclcleboroughi and Sedgwiclcia lunulata.* The original of the last species has a well 

developed lunule and is much shorter than any of the other species. But it is evident 

that the specimen has been much distorted by pressure. Descriptions and figures of 

all the Cincinnati species except R. lunulata are to be published in vol. vii of the 

reports of the Geological Survey of Ohio. 

RHYTIMYA SINUATA, n. sp. 

PLATE XXXVI. FIGS. 46 and 47. 

Shell rather small, about 25 mm. long, 12 mm. high at the beaks, and 11.2 mm. 

across the posterior end, with the thickness very nearly equalling the hight. Car

dinal outline declining anterior to the beaks, slightly sinuate posterior to them; 
* A recent examination of Billings' originaltypes of Oanadian Lower Silurian Lamellibranchas proves t.hat his CYliodonta 

emma, from the Hudson River rocks of Anticosti, is really" species of RhyUmya. It is closely related to R. sinuata and 
R. producta. 
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ventral margin broadly sinuate in the middle, gently convex on each side of the 

center; posterior margin very slightly oblique, strongly rounded; anterior end sub

rectangular, most prominent about the middle of the hight, the upper half nearly a 

straight slope to the beaks, the lower rounding backwards into the base. Beaks 

strongly incurved, situated almost a third of the entire length from the anterior 

extremity; umbones large and prominent, constricted by the mesial sulcus which 

crosses the valves and produces the sinus in the basal line. From the strongly con

vex posterior umbonal ridge the surface descends abruptly to the cardinal margin. 

Lunule larger than usual, of moderate depth and definition. Surface markings 

obscure on the cardinal slope of the cast studied, on the urn bones and flanks, con

sisting of somewhat irregular, shallow, concentric furrows and fine strite. On the 

anterior end these markings are strengthened or gathered into about twelve strong 

folds, terminating at the margin of the lunule, and increasing regularly with the 

growth of the shell. In having a large lunule, comparatively long anterior end, and 

unusually prominent umbones, this species approaches R. lunulata Whitfield, sp., and 

reminds somewhat of Pholadella, Hall. The characters mentioned readily distinguish 

the form from all the other species now referred to Rhytimya. Of associated shells 

only Cunearnya truncatula has a concentrically furrowed surface but that species differs 

too widely in other respects to be confused with R. sinuata. 

Formation and locality -Middle Galena near Wykoff, Minnesota. 

Family GRAMMYSIIDlEJ, Hall. 

Genus CUNEAMYA, Hall and Whitfield. 

Cunearnya, HALL and WHITFIELD, 1875. Pal. OhiO, vol. ii, p. 90. 

Thin, fragile, closed, bivalve shells, with ventricose valves and strong, prominent 

incurved beaks, situated but little uehind the anterior extremity; outline varying 

from sub circular to somewhat elongate subrhomboidal; cardinal line very nearly 

straight behind the beaks. Hinge lwear, edentulous: valves probably held together 

at the hinge solely by an external ligament. Cardinal margin of valves inflected, 

forming a long escutcheon or false area posterior to the beaks; anteriorly a lunule, 

varying considerable in depth and shape, but always well defined, is situated beneath 

the beaks. Muscular and pallial impressions too faint to be determined with cer

certainty. Surface marked by more or less distinct concentric plications or 

wrinkles, which are usually rather obscure on the cardinal and posterior slopes and 

always the most regular and distinct on the anterior ~ide of the umbonal region. 

Occasionally the surface is nearly smooth. An undefined, broad and shallow mesial . 
sulcus usually present. 

620 THE PALEONTOLOGY OF MINNESO'fA. 
lOuneamya. 

ventral margin broadly sinuate in the middle, gently convex on each side of the 

center; posterior margin very slightly oblique, strongly rounded; anterior end sub

rectangular, most prominent about the middle of the hight, the upper half nearly a 

straight slope to the beaks, the lower rounding backwards into the base. Beaks 

strongly incurved, situated almost a third of the entire length from the anterior 

extremity; umbones large and prominent, constricted by the mesial sulcus which 

crosses the valves and produces the sinus in the basal line. From the strongly con

vex posterior umbonal ridge the surface descends abruptly to the cardinal margin. 

Lunule larger than usual, of moderate depth and definition. Surface markings 

obscure on the cardinal slope of the cast studied, on the urn bones and flanks, con

sisting of somewhat irregular, shallow, concentric furrows and fine stri.:e. On the 

anterior end these markings are strengthened or gathered into about twelve strong 

folds, terminating at the margin of the lunule, and increasing regularly with the 

growth of the shell. In having a large lunule, comparatively long anterior end, and 

unusually prominent umbones, this species approaches R. lunulata Whitfield, sp., and 

reminds somewhat of Pholadella, Hall. The characters mentioned readily distinguish 

the form from all the other species now referred to Rhytimya. Of associated shells 

only Cunearnya truncatula has a concentrically furrowed surface but that species differs 

too widely in other respects to be confused with R. sinuata. 

Formation and locality -Middle Galena near Wykoff, Minnesota. 

Family GRAMMYSIIDlE, Hall. 

Genus CUNEAMYA, Hall and Whitfield. 

Cuneamya, HALL and WIIITFIELD, 1875. Pal. OhiO, vol. ii, p. 90. 

Thin, fragile, closed, bivalve shells, with ventricose valves and strong, prominent 

in curved beaks, situated but little uehind the anterior extremity; outline varying 

from sub circular to somewhat elongate subrhomboidal; cardinal line very nearly 

straight behind the beaks. Hinge lwear, edentulous: valves probably held together 

at the hinge solely by an external ligament. Cardinal margin of valves inflected, 

forming a long escutcheon or false area posterior to the beaks; anteriorly a lun ule, 

varying considerable in depth and shape, but always well defined, is situated beneath 

the beaks. Muscular and pallial impressions too faint to be determined with cer

certainty. Surface marked by more or less distinct concentric plications or 

wrinkles, which are usually rather obscure on the cardinal and posterior slopes and 

always the most regular and distinct on the anterior ~ide of the umbonal region. 

Occasionally the surface is nearly smooth. An undefined, broad and shallow mesial . 
sulcus usually present. 
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Type: Cuneamya miamiensis Hall and Whitfield. 

This genus is represented in my cabinet by no less than sixteen, mostly unde

scribed, Lower Silurian specific forms, all of which, saving the two about to be 

described, were found above the top of the Trenton at Cincinnati and other localities 

within a radius of forty miles from that city. Several of these species are represented 

by casts of the interior in as fine a state of preservation as could be desired, and yet 

in no case was it possible to reach any satisfactory conclusion respecting the 

character of the muscular and pallial impressions. Under the circumstances it is 

not unlikely that the claim of the authors of the genus that the pallial line is simple, 

may be nothing more than the expression of their opinion and not the record of an 

observed fact. In their. description of the genus Hall and Whitfield state also that 

posterior to the external ligament "the margins of the valves overlap each other to 

the extent of the cardinal line." This may he true of the specimens studied by them 

but, except in several cases where it is evidently the result of accident or compres

sion, it is certainly not true of any specimen seen by me that is sufficiently perfect 

to admit of judgment on the point. The statement, therefore, wants confirmation 

before it can be accepted as a fact. So far as my own observation is concerned, I 

am obliged to dissent from such a view, especially as regards C. miamiensis the type 

of the genus, of which several specimens that seem to have retained the valves in a 

perfectly normal relation, have the escutcheon divided equally by the straight con

tact margins of the valves. 

As regards the external ligament, it is preserved by only two specimens seen by 

me. One of these belongs to C. curta Whitfield, the other to C. coriformis Miller. It 

is elongate (almost linear), occupies about one-third of the width of the escutcheon 

and extends from the beaks backward a little more than one-third of the length of 

the escutcheon. The same specimens preserve also something like a ligament over 

the margins of the valves in the lunule. 

The affinities of the genus are almost certainly with Grammysia as that genus is 

defined by Hall in his great work on Devonian Lamellibranchiata (Pal. N. Y., vol. v, 

pt. i, pp. xxx and 358-384.) The principal difference between the genera as now 

recognized lies in the hinge, this being weak and edentulous in Cuneamya while it is 

stronger and presents one or two cardinal folds in at any rate the typical forms of 

Grammysia. Shells probably belonging to this genus have been referred to Sedg

wickia and Leptodomus, but as it seems, upon very insufficient grounds, the types of 

those genera, as defined by McCoy in 1844, (Synopsis Carbo Foss. Ireland) being of a 

widely different nature. The new genus Saifordia is distinguished by its peculiar 

hinge, much smaller beaks, and strongly defined anterior muscular sca;r. 

LAMELLIBRANCHIATA. 621 
Ounearnya.l 

Type: Cuneamya miamiensis Hall and Whitfield. 

This genus is represented in my cabinet by no less than sixteen, mostly unde

scribed, Lower Silurian specific forms, all of which, saving the two about to be 

described, were found above the top of the Trenton at Cincinnati and other localities 

within a radius of forty miles from that city. Several of these species are represented 

by casts of the interior in as fine a state of preservation as could be desired, and yet 

in no case was it possible to reach any satisfactory conclusion respecting the 

character of the muscular and pallial impressions. Under the circumstances it is 

not unlikely that the claim of the authors of the genus that the pallial line is simple, 

may be nothing more than the expression of their opinion and not the record of an 

observed fact. In their. description of the genus Hall and Whitfield state also that 

posterior to the external ligament "the margins of the valves overlap each other to 

the extent of the cardinal line." This may be true of the specimens studied by them 

but, except in several cases where it is evidently the result of accident or compres
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am obliged to dissent from such a view, especially as regards C. miamiensis the type 

of the genus, of which several specimens that seem to have retained the valves in a 

perfectly normal relation, have the escutcheon divided equally by the straight con

tact margins of the valves. 

As regards the external ligament, it is preserved by only two specimens seen by 

me. One of these belongs to C. curta Whitfield, the other to C. coriformis Miller. It 
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the escutcheon. The same specimens preserve also something like a ligament over 
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The affinities of the genus are almost certainly with Gra1J'tmysia as that genus is 
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CUNEAMYA TRUNCATULA, n. sp. 

PLATE XXXVI, FIG. 39, 

Shell of medium size, transversely somewhat elongate, the two ends of nearly 

equal hight, with broad, compressed, nearly terminal, prominent and incurved beaks; 

postero-cardinal region subalate, escutcheon less than half the length of the hinge. 

Cardinal and basal margins diverging slightly posteriorly; anterior end truncate, 

almost vertical, the upper two-thirds sharply inflected, forming a rather narrow, 

deep, and unusually long lunule, from whose lower end the outline slopes abruptly 

backwards into the basal line; the latter is gently convex in the posterior half, 

straight or very slightly sinuate in front of the middle, very obtusely angular in the 

anterior third, and straight again when it ascends from the antero-basal angle to the 

lower extremity of the lunule; posterior margin somewhat produced and strongly 

rounded in the lower half, and very obliquely subtruncate in the upper. Posterior 

umbonal ridge rather prominent, strongly rounded, not angular, curved and becom

ing almost obsolete in the posterior third of the shell; cardinal slope concave, very 

abrupt near the beaks; a narrow but distinct anterior umbonal ridge descends at 

right angles to the hinge line from the beak to the antero-basal angle; between it and 

the edge of the lunule a narrow sulcus; behind it a small well marked mesial sulcus 

out of which the surface rises more gradually to the summit of the posterior umbonal 

ridge. The most prominent point of the surface of the valves is situated 011 this 

ridge somewhat above the middle of the hight and about two-fifths of the length 

from the anterior extremity. Surface marked with nearly equal concentric undula

tions or ridges. These are strongest in the mesial sulcus, somewhat flattened yet 

distinct in the anterior sulcus, and nearly obsolete on the cardinal slope. Hinge and 
muscular impressions undetermined. 

This species is closely related to C. cor-ijormis described by Miller from the mid

dle beds of the Cincinnati group of Ohio. So far as known C. truncatula never attains 

the size of mature examples of that species, while its posterior end is higher, the 

escutcheon much shorter, the basal outline more convex, and the anterior umbonal 

ridge narrower and much less prominent. In C. corifol'mis the point of greatest 

convexity is on the anterior ridge while it is on the posterior ridge in the Minnesota 

speCles. The surface markings also are coarser, and the mesial sulcus deeper in the 
former. 

Format'ion and locality.-Middle Galena near Wykoff and Pleasant Grove, Minnesota. 
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CUNEAMYA TRUNCATULA, n. sp. 

PLATE XXXVI. FIG. 39. 

Shell of medium size, transversely somewhat elongate, the two ends of nearly 

equal hight, with broad, compressed, nearly terminal, prominent and incurved beaks; 

postero-cardinal region subalate, escutcheon less than half the length of the hinge. 

Cardinal and basal margins diverging slightly posteriorly; anterior end truncate, 

almost vertical, the upper two-thirds sharply inflected, forming a rather narrow, 

deep, and unusua11y long lunule, from whose lower end the outline slopes abruptly 

backwards into the basal line; the latter is gently convex in the posterior half, 

straight or very slightly sinuate in front of the middle, very obtusely angular in the 

anterior third, and straight again when it ascends from the antero-basal angle to the 

lower extremity of the lunule; posterior margin somewhat produced and strongly 

rounded in the lower half, and very obliquely subtruncate in the upper. Posterior 

umbonal ridge rather prominent, strongly rounded, not angular, curved and becom

ing almost obsolete in the posterior third of the shell; cardinal slope concave, very 

abrupt near the beaks; a narrow but distinct anterior umbonal ridge descends at 

right angles to the hinge line from the beak to the antero-basal angle; between it and 

the edge of the lunule a narrow sulcus; behind it a small well marked mesial sulcus 

out of which the surface rises more gradually to the summit of the posterior umbonal 

ridge. The most prominent point of the surface of the valves is situated on this 

ridge somewhat above the middle of the hight and about two-fifths of the length 

from the anterior extremity. Surface marked with nearly equal concentric undula

tions or ridges. These are strongest in the mesial sulcus, so mew hat fIattened yet 

distinct in the anterior sulcus, and nearly obsolete on the cardinal slope. Hinge and 

muscular impressions undetermined. 

This species is closely related to C. coriformis described by Miller from the mid

dle beds of the Cincinnati group of Ohio. So far as known C. truncatula never attains 

the size of mature examples of that species, while its posterior end is higher, the 

escutcheon much shorter, the basal outline more convex, and the anterior umbonal 

ridge narrower and much less prominent. In C. corifol'mis the point of greatest 

convexity is on the anterior ridge while it is on the posterior ridge in the Minnesota 

speCles. The surface markings also are coarser, and the mesial sulcus deeper in the 
former. 

Formation and locality.-Middle Galena near Wykoff and Pleasant Grove, Minnesota. 
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CUNEAMYA OBLONGA, n. sp. 

PLATE XXXVI, FIGS. 40-41. 

This species is very much like O. truncatula, differing from it chiefly in the follow

ing respects: The anterior end is more rounded, the lunule shorter and smaller, and 

the posterior end a trifle narrower and much less oblique, being almost vertical; the 

hinge line is longer, terminates posteriorly more abruptly and is nearly parallel with 

the basal margin. The posterior umbonal ridge is less narrowly rounded, the mesial 

sulcus about the same or slightly deeper, while the part of the shell in front of this 

sulcus, is practically without the anterior sulcus which is such a characteristic 

feature of O. truncatula and O. coriformis. This sulcus howeve.r is indicated by a slight 

flattening of the anterior slope. Finally, the surface corrugations are a grade finer. 

C. miamiensis H. and W., is similarly marked but has a different outline and much 

less distinct mesial sulcus. In the matter of outline O. scapha H. and W., another 

Ohio species, agrees more nearly, but in that species the lunule and escutcheon are 

both wider and longer, and the surface markings quite different from those of C. 

oblonga. 

Formation and locality.-Galena limestone, Dixon, Illinois. 

Genus SPHENOLIUM, S. A. Miller. 

Sphenolium, S. A. MILLEH, 1889. Nortb Amer. Geol. and Pal. p. 513. 

Shell of medium size and larger, thin, strongly ventricose, very in equilateral, 

elongate, occasionally with subparallel dorsal and ventral margins, but usually much 

the highest posteriorly. Beaks incurved; umbones prominent, large and full; 

umbonal ridge strongly rounded or subangular. No mesial depression or sulcus. 

'Lunule present, usually small and sometimes not sharply defined; escutcheon prac

tically wanting. Surface concentrically lined; occasionally also with radiating 

strire. Ligament probably both internal and external. Hinge apparentlyedentu

lous; muscular scars very faint, not determined with certainty. 

Type: S. (Orthodesma) cuneiforme S. A. Miller. 

Too little is known of this genus to determine its affinities with any thing like 

certainty. So far as the known characters admit of judgment they indicate relations 

with the Gramm'l/siidce and the Pholadellidce. Dr. Miller places the genus near 

Orthodesma, but in this he is undoubtedly in error. 

The two Trenton species following are perhaps not strictly referable to Spheno

lium. being too narrow posteriorly. In all other respects, however, they agree well 

enough with the more typical species of the Cincinnati rocks. Besides, I believe I 
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the posterior end a trifle narrower and much less oblique, being almost vertical; the 

hinge line is longer, terminates posteriorly more abruptly and is nearly parallel with 

the basal margin. The posterior umbonal ridge is less narrowly rounded, the mesial 

sulcus about the same or slightly deeper, while the part of the shell in front of this 

sulcus, is practically without the anterior sulcus which is such a characteristic 

feature of C. truncatula and C. corifonnis. This sulcus however is indicated by a slight 

flattening of the anterior slope. Finally, the surface corrugations are a grade finer. 

C. miamiensis H. and W., is similarly marked but has a different outline and much 

less distinct mesial sulcus. In the matter of outline C. scapha H. and W., another 
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with the Gmmm1fsiidw and the Pholadellidw. Dr. Miller places the genus near 
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lium. being too narrow posteriorly. In all other respects, however, they agree well 

enough with the more typical species of the Cincinnati rocks. Besides, I believe I 
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have evidence to show that this disproportionate development of the posterior end 

was a gradual process, an undescribed species from the Utica horizon at Cincinnati 

being intermediate in this respect between the Trenton forms and those occurrmg 

in the middle and upper beds of the Cincinnati group. 

SPHENOLIUM PARALLELUM, n. sp. 

PLATE XXXVI, FIGS. 42 and 43. 

Shell elongate subovate, rather strongly convex, the thicknesR, hight and length 

respectively as one is to one and two and one-fourth. Dorsal margin straight, nearly 

parallel with the ventral, terminating posteriorly in an obtuse angle where it joins 

the obliquely rounded posterior margin; anterior end short, apparently narrowly 

rounded; basal line very gently convex; posterior end rather abruptly rounded in 

the lower half. Beaks prominent, full, incurved; umbonal ridge strongly convex, 

somewhat emphasized by a slight furrow immediately above it in the cardinal slope; 

another obscure furrow borders the dorsal edge. A small but well marked lunule 

in front of the beaks, and a narrow and rather illy defined channel behind them. 

Central and anterior parts of valves rather strongly convex. Surface marked con

centrically with very fine strice and a few more or less obscure undulations. The 

latter are more distinct and regular on the umbonal ridge than elsewhere. 

The subparallel margins distinguish this species from the more typical forms of 

the species described by Miller from the Cincinnati rocks. 

Formation and locality.-" Lower Blue" oeds of the Trenton formation, Mineral Point, Wisconsin. 

Mus. Reg. No. 8346. 

SPHENOLIUM STRIATUM, n. sp. 

PLATE XXXVI, FIGS. 44 and 45. 

The shape and general expression of this shell is almost exactly the same as in 

the preceding, S. parallelum, yet when critically compared certain differences are 

observed which render a separation necessary. The specimens are not very perfect 

casts of the interior and exterior, still they preserve traces of very fine radiating 

lines on the umbonal ridge and a few coarser ones on the cardinal slope which, it 

such had been present on 8. parallelum, would undoubtedly show on the excellently 

preserved cast upon which that species is founded. The Galena specimens again 

present a number of small, regular and short concentric folds on the anterior end, 

but they are wanting on the sides and posterior end where the folds are rather 

distinct in the Lower Trenton species. In comparing the outlines a slight difference 

is to be detected in the postero-cardinal region where, instead of being subangular 
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the margin is rounded in S. striatum. The four or five Cincinnati species known to 

me are all much higher pqsteriorly. 

Formation and locality.-Middle Galena, Goodhue county, Minnesota. The exact locality is about 
thirteen miles south of Cannon Falls. 

Genus SAFFORDIA, n. gen. 

Shell rather small, transversely subovate, moderately convex, equival ve, very 

inequilateral; back arcuate, beaks anterior, not large, curving obliquely inward and 

forward; umbonal ridge moderate; between the ridge and the dorsal edge a more or 

less distinct sulcus. A sharply defined lunule beneath the approximate beaks, while 

posterior to them there extends to the extremity of the hinge an equally distinct 

escutcheon. Hinge plate thin, arcuate, with one horizontal wedge-shaped cardinal 

tooth in the left valve which entered into a corresponding cavity in the under side 

of the hinge plate of the right valve immediately behind the beak. Posterior half 

of hinge consisting of a slender lateral tooth in the left valve and a corresponding 

furrow in the right. Anterior to the center an elongate depression for the reception 

of an internal ligament. Anterior muscular scar distinct, deep, sub circular, situated 

beneath the lunule; pallial line simple, submarginal, posterior scar undetermined. 

Test rather thick in the anterior part. 

Type: S. ventralis, n. sp. 

Beside the type, the Hudson River strata of Fillmore county, Minnesota, contain 

another species having the cha.racters ascribed to this genus. This I published 

recently as a new species of Cuneamya, giving it the specific name sulcodorsata. It 

is a more elongate shell but otherwise closely related to S. ventralis. A third species, 

this one from the Galena, I described from casts of the interior as Cypricardites ? 

modestus. 

The position of Saffordia seems to be near the Devonian Grmmnysia, the hinge 

being similar in the two genera, though not by any means identical. In Grarmnysia 

namely, as is shown in Hall's work on the Devonian Lamellibranchiata (Pal. New 

York, vol. v, part i, plate LVIII, fig. 6), there is no cardinal tooth in the left valve as in 

Saffordia, nor are the slender posterior lateral teeth represented. Another dis

tinguishing feature of the latter, and one that is common to many Lower Silurian 

shells, is found in the greater depth of the anterior muscular scar. In the genus 

Cuneamya the hinge, aside from the escutcheon, is quite different, the test is very 

thin, and the muscular impressions exceedingly faint, while the back, instead of 

being arcuate, is concave behind the beaks, the latter being also tumid and much 

more prominent. 
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Named as a small compliment to the veteran geologist, Prof. J. M. Safford, State 

Geologist of Tennessee. Science is indebted to him for several most valuable works 

on the geology of his state, while personally I am under great obligations to him 

for assistance in the way of specimens and advice. 

SAFFORDIA VENTRALIS, n. sp. 

PLATE XLI, FIGS. 34-41. 

Shell transversely subovate, the hight and length very nearly as four is to five; 

beaks small, declining, situated at the anterior extremity of the distinctly arcuate 

dorsum, and projecting forward as far as the margin of the shell beneath it. Anterior 

margin distinctly concave in the middle, the lower part narrowly rounded; ventral 

margin rather strongly convex, posterior margin subtruncate, a little oblique, the 

upper half straight or slightly sinuate, the lower rounded. Surface of valves mod

erately convex, with a very inconspicuous umbonal ridge between which and the 

dorsal edge there is a shallow sulcus. Escutcheon well defined, extending the full 

length of the hinge, in a dorsal view very narrow between the beaks, wide at the 

middle, and narrowing again posteriorly. Lunule sharply defined, very deep, nearly 

twice as long as wide. Surface marked by subimbricating concentric growth lines. 

These are rather small but sharp and of nearly equal size for a short distance 

beneath the cardinal edge, and only a few of them seem to cross the umbonal ridge. 

Internal characters of hinge as shown in figures 37 and 41. Anterior muscular scar 

of medium size, subcircular, deep, showing very prominently on casts of the interior; 

pallial line and posterior muscular impression very faint. 

This species is distinguished from S. sulcodorsata by its shorter form, terminal 
beaks, and more rounded ventral margin. 

Formation and locality.-Upper beds of the Hudson River group near Spring Valley, Minnesota. and 
Iron Ridge, Wisconsin. . 

SAFFORDIA SULCODORSATA Ulrich. 

PLATE XLI, FIGS. 32 and 33. 

Cuneamya 8ulcodorsata ULRICn, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 248. 

Shell small, moderately convex, oblong-subquadrate, with the dorsal and ventral 

margins subparallel and gently convex, the posterior end truncate, very slightly 

produced and sharply rounded at the base, anterior end very short (long for the 

genus), narrowly rounded. Beaks subterminal, declining forward, strongly incurved, 

projecting forward rather than upward; umbonal ridge moderately prominent, not 

angular. Dorsal slope with a distinct expanding sulcus; ventral and anterior slopes 

gently and uniformly convex. Hinge line, posterior to the beaks, long, the edge 
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Cuneamya sulcodorsata ULRICn, 1892. Nineteenth Ann. Rep. Geol. and Nat. Rist. Sur. Minn., p. 248. 
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inflected so as to form a well marked escutcheon. In front of and beneath the beaks 

a deep lunule. Surface marked with regular, concentric folds, obsolete on the car

dinal slopes, and by two or three times more numerous fine striru which seem to , , 
have extended over all parts of the surface. 

This neat shell was at first described as a Cuneamya, but with the discovery of 

the closely allied S. ventralis it became evident at once that the species had been 

misplaced. Compared with the type species it is found to differ in its form, the 

dorsal and ventral margins being much less curved and the outline decidedly oblong 

instead of rather broadly oval. The umbonal ridge also is somewhat better defined 

and the anterior end of the shell projects beyond the beaks which is not the case in 
S. ventralis. 

Formation and locality.-At the top of the Hudson River group, Spring Valley, Minnesota. 

SAFFORDIA MODESTA Ulrich. 

PLATE XLI. FIGS. 29-31. 

Cypricarditesf modestus ULRICH, 1892. Amer. Geol., vol. x, p. 100. 

Shell small, moderately ventricose, obliquely ovate in outline, known from casts 

of the interior only. In these the anterior end is very small, sharply rounded, 

abruptly depressed beneath the beaks, projecting very little beyond them, and almost 

entirely occupied by a subcircular muscular scar. Beaks small, only slightly incurved, 

appearing prominent. U mbonal ridge scarcely distinguishable, the cardinal slope 

faintly concave between it and another low ridge-like swelling that forms the back 

of the cast. Along the hinge line there is a narrow impressed area. The lunule, 

like the escutcheon, is proportionally narrower than in the other species. Shell 

thin; hinge plate narrow, apparently with the characters (as shown by recently 

obtained material) required by the genus. 
As near as can be determined from casts of the interior only, this species would 

appear to occupy an intermediate position between S. ventralis and S. ~ulcodorsata, 

being longer than the first and shorter than the second. 

Formation and locality.-Luwer half of the Galena at Oshkosh, Wisconsin, and several localities in 
Goodhue and Fillmore counties, Minnesota. 
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SAFFORDIA MODESTA Ul?·ich. 

PLATE XLI, FIGS. 29-31. 

Cypricarditesf modestus ULRICH, 1892. Amer. Geol., vol. x, p. 100. 

Shell small, moderately ventricose, obliquely ovate in outline, known from casts 

of the interior only. In these the anterior end is very small, sharply rounded, 

abruptly depressed beneath the beaks, projecting very little beyond them, and almost 

entirely occupied by a subcircular muscular scar. Beaks small, only slightly incurved, 

appearing prominent. U mbonal ridge scarcely distinguishable, the cardinal slope 

faintly concave between it and another low ridge-like swelling that forms the back 

of the cast. Along the hinge line there is a narrow impressed area. The lunule, 

like the escutcheon, is proportionally narrower than in the other species. Shell 

thin; hinge plate narrow, apparently with the characters (as shown by recently 

obtained material) required by the genus. 

As near as can be determined from casts of the interior only, this species would 

appear to occupy an intermediate position between S. ventralis and S. ~ulcodorsata, 

being longer than the first and shorter than the second. 

Formation and locality.-Lower half of the Galena at Oshkosh, Wisconsin, and several localities in 
Goodhue and Fillmore counties, Minnesota. 



628 THE PALEONTOLOGY OF MINNESOTA. 

Errata jar the Chapte?" on Lamellibranchiata. 

PAGE. 

477, 6th line from bottom, for Uhrenodormts read Cymatonota. 
479, 3d line from bottom, for CliclopoJ"'us read Clidophol'Us. 
479, 10th line from bottom, for usually read unusually. 

[Errata. 

479, 12th line from bottom, the variety referred to is described in vol. vii, Geol. Sur. Ohio, p. 629, as 
Byssonyehia vera Ulricll. 

482. Supply omitted letters S-B to ends of bottom line of cut. 
485, 14th line from bottom, for Ectenoptem, Ulrich read Opisthoptera, Meek. 
486. The family LYRODEsl\IIDJE should be restricted to the typical genus, and Allodesma, Ulrich, referred 

to the family OYCLOCONCHIDJE (next page) while Technophonts, Miller, and Ischyrina, Billings, 
should follow as a distinct family, TEcRNOPRORIDjE. (See p. 608.) 

504, 17th line from bottom, refer M. i1"U?1cata Hall, to Modi%clon instead of EUl'ymya. 
512, 9th to 14th line from bottom, clele remarks on ModioZopsis truncata Hall. 
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Mayer for a Oretaceous or Tertiary genus of shells. A new name is therefore necessary for 
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563, 19th line from top, for 5100 read 8626. 
592, 19th line from bottom, for OTENDONTA read OTENODONTA. 
593, 9th line from bottom, for C. leveta read C. levata. 
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and 5th lines from bottom; p. 516, 5th and 7th lines from top; p. 517, 7th and 17th lines 
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AMBONYCHIA BELLISTRIATA Hall....... .........................................• 492 
Nearly an entire cast of a left valve. . . .. 
Anterior view of same, with the right valve supplIed accordlDg to our Idea of 

the species. Middle Galena, near Wykoff, Minnesota. 

AMllONYCHIA PLANISTRIATA Hall. .............................................. . 
Left side and anterior views of a specimen preserving the. two valves partly 

opened. "Lower Blue" limestone, Mineral Point, WisconslD. 

AlIffiONYCHIA AFFINIS, n. sp .................................................... . 
Lateral and anterior views of a well preserved f~agment of t~e ~ast of. a left 

valve showing very obscure concentric undulatIOns, fine radlatmg strHe and 
the sharply defined subrostral lobe. Galena, Carroll county, Illinois. . 

An illy preserved cast of a right valve from the middle Galena at Welsbach's 
dam, near Spring Valley, Minnesota Survey Museum Reg. No. 8342. 

AMBONYCHIA AMYGDALIN A Hall ................................................ . 
The cast of an imperfect left valve. The specimen has suffered from p~essure, 

reducing its diagonal diameter so that the anterior side curves too umformly 
into the base. 

Profile view, the right valve ideal Lower Galena, Goodhue county, Minnesota. 

491 

492 . 

493 

CLIONYCllIA LAMELLOSA Hall. . . . . . . . . . . . . . . . . . . . . . . . .. .......................... 494 
A small, but unusually well preserved cast of a left valve showing tl?-e impres-

siGns of the posterior adductor and pedal muscles, pallial line and lIgamental 
area. This specimen is precisely like those which Hall named A. attenu.ata, 
but its less quadrate shape is evidently the result of pressure. Trenton lIme
stone, Minneapolis, Minnesota. 

11. A left valve of the usual form from the "Lower Blue" limestone at Mineral 
Point, Wisconsin. 

12. Imperfect cast of a left valve preserving the muscular scars and a portion of the 
wide ligamental area. 

13. Anterior view of same, showing the impressions of the upper part of the margin, 
the form of the beaks and the pallial line running down from it. . 

14. Cardinal view of same, showing scars of two small muscles (? pedal) behind the 
beak. One or both of these scars are present in all the Ambonychiidre. Lower 
Trenton limestone, Beloit, Wisconsin. 

Figs. 15 and 16. CLIONYCIDA NITIDA, n. sp.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . .. . . .. . . .. . . . . . . 495 
Lateral and anterior views of a right val ve, showing the form of the species and 

the comparatively fine and regular cencentric lines. Trenton limestone, Min
neapolis, Minnesota. Survey Museum Reg. No. 5099 . 

. Figs. 17 and 18. CLIONYCIIIA ERECTA Hall .......... '" . . . . .. . .. .. .. .. .. . ... .. . . . . . . .... .. .. .. .. .. 496 
Lateral and anterior view of a nearly perfect right valve. Trenton limestone, 

Minneapolis, Minnesota. 

Figs. 19 and 20. CLIONYOIDA RHOlllBOIDEA Ulrich ............ ,. ........ .... .. .... .. ........... .... 496 

Figs. 21 and 22. 

Figs. 23 to 26. 
23 and 24. 

25 and 26. 

Lateral and anterior views of the specimen described. Trenton limestone, Min
neapolis, Minnesota. Survey Museum Reg. No. 5526. 

CLIONYOHIA UNDA1'A Emmons ................................................ . 
Lateral and ant.erior views of an excellent cast of a right valve. Middle Galena, 

near Wykoff, Minnesota. Collected by Dr. Robhins and now in the author's 
cabinet. 

BYSSONYCHIA INTERMEDJA Meek and Worthen .................................. . 
An.terior and lateral views of one of the original types of this species. Galena 

lImestone. 
Cardinal and lateral views of a small but typical exa.mple from the middle 

Galena horizon, near Wykoff, Minnesota. 

497 

499 

Fig. 27. PROLOBELLA STRIATULA, n. gen. et sp ................ ,.... ..................... 532 
The left side of a specimen, showing the form and surface markings Middle 

Galena, near Pleasant Grove, Minnesota. . 

l!'igs. 28 and 29. MODIOLODO~ (?) GIBBU~, n. sp.,.......... ....... ... . . . . .... .... .. .... ...... ...... 522 
The left SIde of a speCImen of the natural size and magnified four and one· half 

times. Upper third of the Trenton shales, near Cannon Falls, Minnesota. 

Figs. 30 to 39. 
30 and 31. 
32 and 33. 
34 and 35. 

36 to 38. 

39. 

AmsTERELLA NITIDULA, n. gen. et sp... .. .. .. 524 
Left and right sides of an entire shell, x 4.5 .................................. .. 
Lateral and card~nal vi.ews of the ~argest specimen seen, x 45. 
Later~l and c.archnal VIews of an Internal cast, in which the hight is less and ' 

the lllequahty of the valves greater than usual x 45 
Nat~ral size views of three shells. Middle third hf th'e Trenton shales Chatfield 

Mlllnesota. ' 
Outline view of a small left valve from the same horizon at St Paul In this 

shell the anterior end is unusually narrow. " 
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The cast of an imperfect left val\"e. The specimen has suffered from p~essure, 

reducing its diagonal diameter so that the anterior side curves too umformly 
into the base. 

Profile view, the right valve ideal Lower Galena, Goodhue county, Minnesota. 
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Figs. 10 to 14. OLIONYCIlIA LAlIIELLOSA Hall. . . . . . . . . . . . . . . . . . . . . . . . .. .......................... 494 
10. A small, but unusually well preserved cast of a left val v.e s~owing t~e impres-

silins of the posterior adductor and pedal muscles, pallial line and Ilgamental 
area. This specimen is precisely like those which Hall named A. attenu.ata, 
but its less quadrate shape is evidently the result of pressure. Trenton lIme
stone, Minneapolis, Minnesota. 

11. A left valve of the usual form from the "Lower Blue" limestone at Mineral 
Point, Wisconsin. 

12. Imperfect cast of a left valve preserving the muscula.r scars and a portion of the 
wide ligamental area. 

13. Anterior view of same, showing the impressions of the upper part of the margin, 
the form of the beaks and the pallial line running down from it. . 

14. Oardinal view of same, showing scars of two small muscles (? pedal) behind the 
beak. One or both of these scars are present in all the Ambonychiidce. Lower 
Trenton limestone, Beloit, Wisconsin. 

Figs. 15 and 16. OLIONYCHIA NITIDA, n. sp ............................................ _ ..... _ . . . . . . 495 
Lateral and anterior views of a right valve, showing the form of the species and 

the comparatively fine and regular cencentric lines Trenton limestone, Min
neapolis, Minnesota. Survey Museum Reg. No. 5099. 

Figs. 17 and 18. OLlONYCllIA ERECTA Hall........................................................ 496 
Latl'ral and anterior view of a nearly perfect right valve. Trenton limestone, 

Minneapolis, Minnesota. 

Figs. 19 and 20. OLIONYCHIA RHOMBOIDEA Ulrich. .... .. .... . . . .. . . . .. .... .. .... .. .... .. .. ... .... 496 
Lateral and anterior views of the specimen described. Trenton limestone, Min

neapolis, Minnesota. Elurvey Museum Reg. No. 5526. 

Figs. 21 and 22. CLIONYCHIA UNDATA Emmons .................. , .......................... _... 497 
Lateral and ant.8Tior views of au excellent cast of a right valve. Middle Galena, 

near Wykoff, Minnesota. Oollected by Dr. Robbins and now in the author's 
cabinet. 

Figs. 23 to 26. BYSSONYCHIA INTERlIIEDrA Meek and Worthen................................... 499 
23 and 24. An.terior and lateral views of one of the original types of this species. Galena 

limestone. 
25 and 26. Cardinal and lateral views of a small but typical exa.mple from the middle 

Galena horizon, near Wykoff, Minnesota. 

Fig. 27. PROLOBELLA STRIATULA, n. gen. et sp.. .... .. ............. 532 
The left side of a specimen, showing the form and surfac~ -~~;ki~g~: _. M:iddi~ 

Galena, near Pleasant Grove, Minnesota. 

Figs. 28 and 29. MODIOLODO~ (?) GIBBU~, n. sp ............................................... _.... 522 
Th~ left SIde of a speCImen of the natural size and magnified four and one-half 

tImes. Upper thIrd of the Trenton shales, near Oannon Falls, Minnesota. 

Figs. 30 to 39. 
30 and 3l. 
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34 and 35. 

36 to 38. 

39. 

ARISTERELLA NITIDULA, n. gen. et SD .................. _ 
Left and right sides of an entire shell, x i.5. - ........... _ .......... .. 
Lateral and card~nal vi.ews of the ~argest specimen seen, x 45. . 
Later~l and c.arclIDal vIews or an IDternal cast, in which the hight is less and 

the Inequality of the valves greater than usual x 4 5 
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Figs. t and 2. ]yfODIoLOPSIS SIMILIS Ulrich ................................... . 
PAGE. 

504 

Figs. a to 6. 
3 and 4. 

5 and 6. 

(See also plate XLII, fig. 19.) 
Dorsal and anterior views of the original type of the species. Middle third of 

the Trenton shales, Minneapolis, Minnesota. 

MODIOLOPSIS ARGUTA, n. sp ...................................................... . 
The rignt side and a dorsal view of a gnocl cast of the interior. Middle third of 

the Trenton shales, near Fountain, Minnesota. 
A smaller testiferous specimen, imperfect posteriorly, of the natural size and x 2. 

Chatfield, Minnesota. 

506 

Fig. 7. MODIOLOPSIS NANA, n. sp. ........................................................ 507 
Right side of a well preserved cast of the interior. Galena shales, Cannon Falls, 

Minnesota. 

Fig. 8. MODIOLOPSIS MYTILOIDES Hall. ..... ............ ........................ .... ...... 508 
Cast of a left valve. Middle Galena, near Wykoff, Minnesota. 

Figs. 9 and 10. MODIOLOPSIS CHATFIELDENSIS, n. sp. .......................... .................. 508 
Right side of a cast of the interior, uf the natural size and x 2. Middle third of 

the Trenton shales, Chatfield, Minnesota. 

Figs. 11 and 12. MODIOLOPSIS OBSOLETA, n. sp..................... ........................... .... 509 

Figs. 13 and 14. 
13. 

14. 

Testiferous left valve, uf the natural size and x 2. Upper part of the middle 
third of the Trenton shales, Goodhue county, Minnesota. 

MODIOLOPSIS EXCELLENS, n. sp. . ............................................... . 
Cast of the interior of a right valve. The specimen is a little imperfect in the 

anterior third. Geol. Survey Mus. Reg. No. 8374. 
Well preserved fragment (anterior part) of a cast of the interior of a left valve. 

Survey Museum Reg. No. 8375. Hudson River group, Granger, Minnesota. 

511 

Figs. 15 and 16. MODIOLOPSIS CONCA VA Ulrich................... ........................ ....... 509 
15. The specimen described, a testiferous right valve, of the natural size. 

16 and 16a. Lateral and dorsal views of same, x 2. Upper part of the middle third of the 
'.rrenton shales, Goodhue county, Minnesota. 

Figs. 17 and 18. 

Figs. 19 and 20. 
19. 
20. 

Figs. 21 and 22. 

WHITEAVESIA SUBCARINATA, n. sp ............................................... . 
The right side and an antero-dorsal view of a cast of the interior, showing the 

form of the shell and obscure traces of radiating strim on the posterior part. 
Middle Galena, Goodhue county, Minnesota. 

WHITEA VESIA MODIOLIFORMIS Meek and Worthen. . . . . . . . . . . .. . ................ . 
The left side of an internal cast, Beloit, Wisconsin. Survey Mus. Reg. No. 8341. 
View of the original type of the species. In the drawing the base and the ante-

nor end is restored and the right valve tilted, so as to give an exact dorsal 
profile. "Lower Blue" beds of the Trenton formation, Mineral POint, Wis
consin. Illinois State Museum. 

COLPOMYA DEMISSA, n. sp ....................................................... . 
The nearly perfect shell upon which this species is founded; of the natural size 

and x 4.5. Middle third of the Trenton shales, Chatfield, Minnesota. 
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524 

Figs. 23 and 24. ORTHODESMA SUBNASlTTUM Meek and Worthen........ .... .... . .. . . .. . ...... . . . . 518 

Figs. 25 and 26. 

Figs. 27 and 28. 
27. 

28. 

Lateral and dorsal views of an entire cast of this species. Galena limestone, 
Dixon, Illinois. 

ORTHODESMA SCHUCHERTI, n. sP ........•........•.•............•............... 
Lateral and dorsal views of a cast of the interior, which is imperfect posteriorly, 

but in good condition otherwise. Middle Galena, Fillmore county, Minnesota. 
Survey Museum Reg. No. 8343. 

EURYMYA PLANA Hall, sp ....................................................... . 
Interior of the left val ve, as obtained in a gutta-percha impression of a cast of 

the interior. 
Hinge and anterior muscular scar of the left valve, magnified nearly two diam

eters. Trenton limestone, Minneapolis, Minnesota . 

. Figs. 29 ~nd 30. MATHERIA RUGOSA Ulrich ....................................................... . 
Views of the exterior and interior of a large right valve. Upper part of the 

middle third of the Trenton shales, Goodhue county, Minnesota. 
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Figs. 13 and 14. 
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Testiferous left valve, of the natural size and x 2. Upper part of the middle 
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Cast of the interior of a right valve. The specimen is a little imperfect in the 
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Well preserved fragment (anterior part) of a cast of the interior of a left valve. 

Survey Museum Reg. No. 8375. Hudson River group, Granger, Minnesota. 
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15. The specimen described, a testiferou~ right val ve, of the natural size. 
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The right side and an antero-dorsal view of a cast of the interior, showing the 
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View of the original type of the species. In the drawing the base and the ante

rior end is restored and the right valve tilted, so as to give an exact dorsal 
profile. "Lower Blue" beds of the Trenton formation, Mineral Point, Wis
consin. Illinois State Museum. 
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The nearly perfect shell upon which this species is founded; of the natural size 

and x 4.5. Middle third of the Trenton shales, Chatfield, Minnesota. 
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Figs. 23 and 24. ORTHODESMA SUBNASUTUM Meek and Worthen........ .... ........ .............. 5]8 

Figs. 25 and 26. 

Figs. 27 and 28. 
27. 

28. 

Lateral and dorsal views of an entire cast of this species. Galena limestone, 
Dixon, Illinois. 

ORTHODESMA SCHUCHERTI, n. sp ............................................... . 
Lateral and dorsal views of a cast of the interior, which is imperfect posteriorly, 

but in good condition otherwise. Middle Galena, Fillmore county, Minnesota. 
Survey Museum Reg. No. 8343. 

EURYMYA PLANA Hall, sp ....................................................... . 
Interior of th'e left val ve, as obtained in a gutta-percha impression of a cast of 
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eters. Trenton limestone, Minneapolis, Minnesota . 
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Figs. 31 and 32. 
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Figs. 33 and 34. 

Figs. 35 to 37. 
35 and 36. 
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PSILOCONCHA MINNESOTENSIS, n. sp.................................... ......•... 531 
The right side of a cast of thelinterior, which has been shortened by pressure no 

less than is indicated by the outline restorations. . 
Dorsal outlines of same. Middle Galena, near Pleasant Grove, Minnesota. 

ENDODESMA CUNEATUM, n. sp .............................. , ............... . 
Dorsal and lateral views of an excellent cast of the interior. Middle 'Galena, 

near Wykoff, Minnesota. 

ENDODESMA COMPRESSUM, n. sp ............................................. " .. . 
Dorsal and lateral views of a cast of a left valve. Middle Galena, near Wykoff, 

Minnesota. 
Sectional view across the shell a short distance behind the beaks, showing the 

inbending of the'hinge plate. 

526 

529 

Fig. 38. ENDODESMA UNDO SUM, n. sp... .................................................. 529 
Cast of the interior of both valves. "Upper Buff" beds of the Trenton formation, 

near Beloit, Wisconsin. Geo!. Sur. Mus. Reg. No. 8344. 

Fig. 39. CUNEAMYA TRUNCATA, n. sp ............ ........................................ 622 

Figs. 40 and 41. 

Figs. 42 and 43. 
42. 

43. 

Cast of the interior of a right valve. Middle Galena, near Wykoff, Minnesota. 

CUNEAMYA OBLONGA, n. sp ...................................................... . 
Lateral and dorsal views of the specimen described. The imperfect posterior 

end is restored in the figure. Upper Galena, Dixon, Illinois. 

SPHENOLIUM P ARALLELUM, n. sp ..................... " ......... ' ............ : .. . 
Cast of the interior of a right valve, imperfect at the anterior end, but otherwise 

in an excellent state of preservation. 
Cardinal view of the same, with the left valve restored in outline. "Lower 

Blue" beds of the Trenton formation, Mineral POint, Wisconsin. Geol. Sur. 
Mus. Reg. No. 8346. 
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624 

Figs. 44 and 45. SPHENOLIUM STRIATUM,' n. sp ... , ......... ,...................................... 624 
Lateral and dorsal views of a nearly complete cast of the interior. Middl& 

Galena, Goodhue county, Minnesota. 

Figs. 46 and 47. RHYTIMYA SINUATA, n. sp. ...................... ...... .... ........ ........ .... .... 619 
Lateral and dorsal views of an internal cast of a left valve. Middle Galena near 

Wykoff, Minnesota. 
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Figs. 35 to 37. 
35 and 36. 

37. 
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near Wykoff, Minnesota. 
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Dorsal and lateral views of a cast of a left valve. Middle Galena, near Wykoff, 
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Sectional view across the shell a short distance behind the beaks, showing the 

inbending of the "hinge plate. 
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Cast of the interior of both valves. "Upper Buff" beds of the Trenton formation, 

near Beloit, Wisconsin. Geol. Sur. Mus. Reg. No. 8344. 

Fig. 39. CUNEAMYA TRUNCATA, n. sp ............ ........................................ 622 

Figs. 40 and 41. 

Figs. 42 and 43. 
42. 

43. 

Cast of the interior of a right valve. Middle Galena, near Wykoff, Minnesota. 

CUNEAMYA OBLONGA, n. sp ...................................................... . 
Lateral and dorsal views of the specimen described. The imperfect posterior 

end is restored in the figure. Upper Galena, Dixon, Illinois. 

SPHENOLIUM PARALLELUM, n. sp ............................................. .- .. . 
Cast of the interior of a right valve, imperfect at the anterior end, but otherwise 

in an excellent state of preservation. 
Cardinal view of the same, with the left valve restored in outline. "Lower 

Blue" beds of the Trenton formation, Mineral POint, Wisconsin. Geol. Sur. 
Mus. Reg. No. 8346. 

623 

624 

Figs. 44 and 45. SPHENOLIUM STRIATUM,' n. sp...... .............................................. 624 
Lateral and dorsal views of a nearly complete cast of the interior. Middlb 

Galena, Goodhue county, Minnesota. 

Figs. 46 and 47. RHYTIMYA SINUATA, n. sp. ...................... ...... .... ........ .... .... .... .... 619 
Lateral and dorsal views of an internal cast of a left valve. Middle Galena near 

Wykoff, Minnesota. 
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ENDODESMA ORTHONOTUM Meek and Worthen, sp ....•.............. , .... ········ 527 
Lateral and dorsal views of the original type of this species. The specimen is a 

good cast of the interior, in solid limestone, of a left valve. All of it is now 
exposed, the tough matrix, which covered a considerable portion of the ventral 
margin when it was used by Meek and Worthen, having been removed before 
it was redrawn for the present work. Lower Trenton limestone, Dunleith, 
Illinois. 

ENDODESMA GESNER! Billings, Sp .................... , . . . . . . . . . . . .. . ............ . 
Lateral and dorsal views of a good cast of the interior of a right val ve. Trenton 

limestone, Ottawa, Oanada. Introduced for comparison with the other species 
of this proposed gen us. 

ENDODESMA POSTLATUM, n. sp ................... .... .. . . ..................... . 
Lateral and dorsal views of an internal cast. Upper Galena, Dubuque, Iowa. 

Geol. Survey Museum Reg. No. 8345. 

ORTHODESMA. CANALICULA.TUM, n. sp ......... , ....... , ........................... . 
The right side and a dorsal view of a nearly entire cast. Waynesville, Ohio. 
Well preserved but incomplete cast, showing the anterior end and obscure rays 

across the central half. Upper beds of the Oincinnati group, Waynesville, Ohio. 
Posterior two-thirds of a cast from the Hudson River group near Spring Valley, 

Minnesota. The length of this specimen was reduced by pressure, and to this 
cause we must ascribe the more crowded arrangement of the radiating lines. 

View of the broken end of same, showing the natural convexity of the valves 
and the cardinal depression. 

ORTHODESMA MINNESOTENSE Ulrich ............................................. . 
The left side of the type specimen. 
Dorsal view of same. 
Anterior part of a dorsal view, x 4. Middle third of the Trenton shales, Minne

apolis, Minnesota. 

MODlOLOPSIS CONCENTRICA Hall and Whitfield .................................. . 
Exterior of the shell as obtained from a gutta-percha impression of a natural 

mold. 
Finely preserved cast of the interior. In offering these figures I wish it to be 

understood that the specimens selected are strictly normal for the species as 
it occurs in Ohio. Further, that the species is very comtant, and that all 
marked deviations in contour which may be observed in a series of specimens 
are the result of distortion through pressure. 

528 

527 

520 

517 

510 

Figs. 17 to 19. V ANUXEMIA SARDESONI Ulrich. .. ... . ... . . . .... ... .............................. 555 

Figs. 20 to 24. 
20 to 22. 

23. 
24. 

Figs. 25 to 28. 

25. 
26. 
27. 
28. 

(See also plate XXXVIII, fig. 45.) 
Lateral, anterior and cardinal views of the best cast seen. Trenton limestone, 

Minneapolis, Minnesota. 

MODIOLODON PATULUS, n. sp .................................................... . 
The left side and anterior and dorsal views of a cast. Lower or middle Galena, 

Decorah, Iowa. Geol. Sur. Mus. Reg. No. 8363. 
The left side.of a cast of the i.oterior from the Trenton at Danville, Kentuck,};". 
A small speCimen from the middle Galena of Goodhue county, Minnesota. 

OTENODONTA PLANODOHSATA Ulrich ....... . (See also plate XLII, figs. 38' to 40:)' ............................... . 
Posterior view of the original type. 
Right v.alve of same, with a small part of the surface magnified. 
Profile III a postero-basal view. 
Oardinal vie,w of same. Upper part of middle third of Trenton shales Goodhue 

county, Mlllnesota. ' 

Fig. 29. OTENODON'l'A COlIIPItESSA Ulrich ... 
. . (SeA also plate XLiI; ·figs·. 'fiR' t~ ~)o.i· ............................... . 

Figs. 30 and 31. 

Fig·s. 32 and 33. 

The orJglllal type of the species, x Ul. Upper part of the middle third of the 
Trenton shales, Goodhue county, Minnesota. 

OTENODONTA LONGA Ulrich .......... . 
Interior of the right v!11 ve up?n WhiC?' thi~ ~p~ci~~' ~a~ io'~~d~d,'~~ag~ifi~d twi~~ 

all:d of the natural size. Middle third of the Trenton shales Goodhue county' 
Mlllnesota. " 

OLIDOPHORUS ? CONSUE'l'US Ulrich ..... 
The type spe?imen of the natural size ~~'d ·~ag.~ifi~d· t~i~·e.·· Midd'le'Gal~~a 'n~a' ~ 

Wykoff, Mlllnesota. 

Fig. 34. TECHNOPHORUS EXTENUATUS Ulrich 
V~ew of the l~ft side ?f the cast of· th~' i~'t~'ri;~ - ~'p~~' whi~h· -th~ . ~p~dies' was 

ounded. Middle third of the Trenton shales, Minneapolis, Minnesota. 

521 

589 

600 

590 

606 

614 

Figs. 1 and 2. 

Figs. 3 and 4. 

Figs. 5 and 6. 

Figs. 7 t,o 11. 
7 and 8. 

9. 

10. 

11. 

Figs. 12 to 14. 
12. 
13. 
14. 

Figs. 15 and J6. 
15. 

16. 

Figs. 17 to 19. 

Figs. 20 to 24. 
20 to 22. 

23. 
24. 

Figs. 25 to 28. 

25. 
26. 
27. 
28. 

PLATE XXXVII. 
PAGE. 

ENDODESMA ORTHONOTUM Meek and Worthen, sp ................... , .... ········ 527 
Lateral and dorsal views of the original type of this species. The specimen is a 

good cast of the interior, in solid limestune, of a left valve. All of it is now 
exposed, the tough matrix, which covered a considerable portion of the ventral 
margin when it was used by Meek and Worthen, having been removed before 
it was redrawn for the present work. Lower Trenton limestone, Dunleith, 
Illinois. 

ENDODESMA GESNERI Billings, sp .................... , .. . . . . . . . . . .. . ............ . 
Lateral and dorsal views of a good cast of the interior of a right val ve. Trenton 

limestone, Ottawa, Canada. Introduced for comparison with the other species 
of this proposed genus. 

528 

ENDODESMA POSTLATUM, n. sp ................... .... .. . ....................... 527 
Lateral and dorsal views of an internal cast. Upper Galena, Dubuque, Iowa. 

Geol. Survey Museum Reg. No. 8345. 

ORTHODESllIA CANALICULATUM, n. sp ......... , ....... , . .... . . . . . . . . . . .. .... .... .. 520 
The right side and a dorsal view of a nearly entire cast. Waynesville, Ohio. 
Well preserved but incomplete cast, showing the anterior end and obscure rays 

across the central half. Upper beds of the Cincinnati gronp, Waynesville, Ohio. 
Posterior two-thirds of a cast from the Hudsun River group near Spring Valley, 

Minnesota" The length of this specimen was reduced by pressure, and to this 
cause we must ascribe the more crowded arrangement of the radiating lines. 

View of the broken end of same, showing the natural convexity of the valves 
and the cardinal depression. 

ORTHODESMA MINNESOTENSE Ulrich ............................ ··.·· .. ·····.· .. ·· 517 
The left side of the type specimen. 
Dorsal view of same. 
Anterior part of a dorsal view, x 4. Middle third of the Trenton shales, Minne

apolis, Minnesota. 

MODlOLOPSIS CONCENTRICA Hall and Whitfield. .... .... .. ...... .... .............. 510 
Exterior of the shell as obtained from a gutta-percha impression of a natural 

mold. 
Finely preserved cast of the interior. In offering these figures I wish it to be 

understood that the specimens selected are strictly normal for the species as 
it occurs in Ohio. Further, that the species is very con~tant, and that all 
marked deviations in contour which may be observed in a series of specimens 
are the result of distortion through pressure. 

V ANUXEMIA SARDESONI Ulrich. . . . . . . . . . . . . . . . . . .. . ....... , ................. , .. . 
(See also plate XXXVIII, fig. 45.) 

Lateral, anterior and cardinal views of the best cast seen. Trenton limestone, 
Minneapolis, Minnesota. 

MODIOLODON PATULUS, n. sp .................................................... . 
The left side and anterior and dorsal views of a cast. Lower or middle Galena, 

Decorah, Iowa. Geol. Sur. Mus. Reg. No. 8363. 
The left side.of a cast of the i.nterior from the Trenton at Danville, Kentucky. 
A small speCimen from the rmcldle Galena of Goodhue county, Minnesota. 

CTENODONTA PLANODOHSATA Ulrich ............................................ . 
(See also plate XLII, figs. 38 to 40.) 

Posterior view of the original type. 
Right v.alve of same, with a small part of the surface magnified. 
Profile III a postero-basal view. 
Cardinal vie,w of same. Upper part of middle third of Trenton shales Goodhue 

county, Mlllnesota. ' 

555 

521 

589 

Fig. 29. CTENODONTA COMPItESSA Ulrich . 
. . (SeA also plate 'X~iI: ·figs·. 'fiR' ;,; ~)o.i" ............................. .. 600 

The ongInal type of the species, x UL Upper part of the middle third of the 
Trenton shales, Goodhue county, Minnesota. 

Figs. 30 and 31. CTENODONTA LONGA Ulrich ......... . 
Interior of the right v!1l ve up?n WhiC~' thi~ ~p~~i~~' ~~~ '£o'~~d~d','~;~g~ifi~d t;~i~~ 

all:d of the natural sIze. MIddle thIrd of the Trenton shales Goodhue county' 
MInnesota. " 

Fig·s. 32 and 33. CLIDOPHORUS? CONSUETUS Ulrich..... . 
The type spe~imen of the natural size ~~'d '~ag~iit~d' i~i~·~.·· M:;ddi~'(ia:l~~~ .~~~~ 

Wykoff, MInnesota. 

Fig. 34. TECHNOPHORUS EXTENUATUS Ulrich 
V}ew of the l~ft side ?f the cast of' th~"i~'t~'ri~~' ~'p~~' ~hi~h"th~' ~p~~ie~' ~~s 

ounded. MIddle thIrd of the Trenton Shales, Minneapolis, Minnesota. 
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PLATE XXXVIII. 
PA(lE. 

V ANUXEMIA DIXONENSIS Meek and Worthen.................................... 550 
Lateral, anterior and cardinal views of a large cast of the interior. In many 

specimens the anterior sulcus is deeper than in this one. 
View of the interior of a right val ve, as shown in a gut,ta-percha impression. 
A small left valve which preserves a portion of the shell. Lower limestone of 

the Trenton formation, Minneapolis, Minnesota. 

V ANUXEMIA DIXONENSIS, var. INSUETA, n. var ................................. . 
Anterior and lateral views of a perfect cast of the left valve. Trenton limestone, 

Minneapolis, Minnesota. 

VANUXEMIA ROTUNDATA Hall, sp .............................................. . 
Perfect imn,ression of the inner side of a rather large righ,t valve. Geol. Sur. 

Mus. Reg. No. 8319. 
Lateral and antero·cardinal views of an entire cast of the interior. 
Respectively, posterior, anterior, dorsal and side views of the cast of the interior 

of a right valve of a small variety, differing from the usual form of the species 
in the more evenly rounded surface of the casts and greater incurvingof the 
beaks. "Lower Blue" beds of the Trenton formation, Janesville, Wisconsin. 

551 

552 

V ANUXEMIA OBTUSIFRONS Ulrich ...... . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 554 
Side, anterior and dorsal views of a good cast of the interior. Lower Trenton 

limestone, Minneapolis, Minnesota. 

The hinge and an external view of a specimen retaining a large part of the shell. 
Dixon, Illinois. 

V ANUXEMIA SUBERECTA, n. Rp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ................ 553 
Three views, dorsal, side anci anterior, of a good, though rather small, cast of the 

interior. Trenton lime.'ltone, Beloit, Wisconsin. Geol. Sur. Mus. Reg. No. 8328. 

VANUXEMIA MEDIA, n. sp ...... ......... ....................................... 553 
An internal cast of a right valve. Trenton limestone, Minneapolis, Minnesota. 
Lateral, anterior and cardinal views of a specimen in which the right side is 

preserved as an internal cast, while the other retains some of the shell. 
'.rrenton limestone, Oannon Falls, Minnesota. 

Fig. 27. V ANUXE1IHA CRASSA, n. sp .................................. " . . . . . . . . . . . . . . . . . . . . 553 
A sharply defined impression of the inner side of a left val ve. Middle third of 

the Trenton shales, Minneapolis, Minnesota. 

Figs. 28 to 31. VANUXElIUA UMBONATA, n. SP ................................................. ;. 
Four views of right valve of this species. 28, anterior; 29, the hinge; 30, cardinal; 

and 31, lateral. Middle thirLl of the Trenton shales, Minneapolis, Minnesota. 

556 

Fig. 32. VANUXEMIA HAYNIANA Safford, sp. .... ................ ...... .... .. .............. 557 
(See also plate XL, and page 479, fig. 36, IV.) 

Figs. 33 and 34. 
33. 
34. 

Fig. 

Figs. 36 to 

35. 

38. 
36. 
37. 
38. 

Figs. 39 to 44. 
39 to 41. 

42. 

43 and 44. 

A cast of the interior of a small right valve. Galena shales, Kenyon, Minneilota. 

VANUXEMIA TERMINALIS Ulrich ................................................ . 
Anterior views of the two valves shown in fig. 34. 
Oasts of left and right valves of this species. The former was found in the 

Trenton limestone at Minneapolis, and belongs to the collection of the Geo
logical Survey, in which it bears the Mus. Reg. No. 5100. The latter is from 
the same horizon at Oannon Falls. 

VANUXEMIA NIOTA (? Hall) Whitfield, sp ...................................... . 
The left side of an entire cast of a rather ~mall example. The anterior margin 

seems to be more 01!Ique thall usual for this species. Trenton limestone 
(? "Upper Buff" beds), Rockton, Illinois. GeoL Sur. Mus. Reg. No. 8325. 

V A.NUXEMIA SUBROTUNDA, n.':sp .................................... ' .......... .. 
The interior of an imperfect right valve. 
Exte.rnal vie~ of a .left val ve, imp~rfect in the postero-dorsal region. 
OutlIDe cardIDal VIew of the origIDalof fig. 36. Upper part of middle third ot 

the Trenton shales nearilOannon Falls, Minnesota. 

V ANUXEMIA ABRUPTA, n. SD .................... " . 
Anterior, la~eral and dorsal views of a nearly perfe~t 'cast ~f'a:~iiht '~ai~~" Thi~ 

speClmtm IS of the average size and proportions. . 
Oas.t of a larg~ left valv~ that has suffered slightly from pressure, causing slight 

.dIfferences ID tJ;1e outlIne and the anterior ~ide to be less abrupt than usual. 
SI~e and dorsal VIew.s of a smaller c~st of a fIght valve in which the anterior end 

IS very obtuse. MIddle Galena, FIllmore_county, Minnesota. 

556 

560 

559 

560 

Fig. 45. V ANUXEMIA SARDESONI Ulrich 
. (See also plat~ '~~~';"i;, fig~: ii-':'i9.i··· ........... '" . .... .... .... .. 555 

Intep?r of the left valve as brought out in a gutta-perclla im . f th 
onglDal type of the species. preSSIOn 0 e 
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18 and 19. 
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V ANUXEMIA DIXONENSIS Meek and Worthen.................................... 550 
Lateral, anterior and cardinal views of a large cast of the interior. In many 

specimens the anterior sulcus is deeper than in this one. 
View of the interior of a right val ve, as shown in a gut,ta-percha impression. 
A small left valve which preserves a portion of the shell. Lower limestone of 

the Trenton formation, Minneapolis, Minnesota. 

V ANUXEMIA DIXONENSIS, var. INSUETA, n. var ................................. . 
Anterior and lateral views of a perfect cast of the left val ve. Trenton limestone, 

Minneapolis, Minnesota. 

VANUXEMIA ROTUNDATA Hall, sp .............................................. . 
Perfect imn.ression of the inner side of a rather large righ,t valve. Geol. Sur. 

Mus. Reg. No. 8319. 
Lateral and antero·cardinal views of an entire cast of the interior. 
Respectively, posterior, anterior, dorsal and side views of the cast of the interior 

of a righ t valve of a small variety, differing from the usual form of the species 
in the more evenly rounded surface of the casts and greater incurving of the 
beaks. "Lower Blue" beds of the Trenton formation, Janesville, Wisconsin. 

551 

552 

V ANUXEMIA OBTUSIFRONS Ulrich ...... . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 554 
Side, anterior and dorsal views of a good cast of the interior. Lower Trenton 

limestone, Minneapolis, Minnesota. 

The hinge and an external view of a specimen retaining a large part of the shell. 
Dixon, Illinois. 

VANUXEMIA SUBERECTA, n. sp .................................. ................ 55a 
Three views, dorsal, side and anterior, of a good, though rather small, cast of the 

interior. Trenton lime,.,tone, Beloit, Wisconsin. Geol. Sur. Mus. Reg. No. 8328. 

V ANUXEMIA MEDIA, n. sp .... " . .. .. . ... ....................................... 553 
An internal cast of a right valve. Trenton limestone, Minneapolis, Minnesota. 
Lateral, anterior and cardinal views of a specimen in which the right side is 

preserved as an internal cast, while the other retains some of the shell. 
'.rrenton limestone, Oannon Falls, Minnesota. 

Fig. 27. VANUXElIIIA CRASSA, n. sp.............. .... ...... ........ .... .... ...... .......... 553 
A sharply defined impression of the inner side of a left valve. Middle third of 

the Trenton shales, Minneapolis, Minnesota. 

Figs. 28 to 31. VANUXEl\lIA UMBONATA, n. sp.... ............ ...... .......... .... .. .... ... ...... 556 
Four views of right val ve of this species. 28, anterior; 29, the hinge; 30, cardinal; 

and 31, lateral. Middle thinl of the Trenton shales, Minneapolis, Minnesota. 
Fig. 32. VANUXEMIA HAYNIANA Safford, sp. .... ................ ...... .... .. .............. 557 

(See also plate XL, and page 479, fig. 36, IV.) 

Figs. 33 and 34. 
33. 
34. 

Fig. 

Figs. 36 to 

35. 

38. 
36. 
37. 
38. 

Figs. 39 to 44. 
39 to 41. 

42. 

43 and 44. 

A cast of the interior of a small right val ve, Galena shales, Kenyon, Minneilota. 

VANUXEMIA TERMINALIS Ulrich ................................................ . 
Anterior views of the two valves shown in fig. 34. 
Oasts of left and right val ves of this species. The former was found in the 

Trenton limestone at Minneapolis, and belongs to the collection of the Geo
logical Survey, in which it bears the Mus. Reg. No. 5100. The latter is from 
the same horizon at Oannon Falls. 

VANUXEMIA NIOTA (? Hall) Whitfield, sp ...................................... . 
The left side of an entire cast of a rather bmall example. The anterior margin 

seems to be more oLlIque thall usual for this speCies. Trenton limestone 
(? "Upper Buff" berls), Rockton, Illinois. Geol. Sur. Mus. Reg. No. 8325. 

VANUXEMIA SUBROTUNDA, n.':sp ................................................ . 
The interior of an imperfect right val ve. 
Exte.rnal vie~ of a .left valve, imp~rfect in the postero-dorsal region. 
Outline cardlOal vIew of the origlllal of fig. 36. Upper part of middle third ot 

the Trenton shales nearllOannon Falls, Minnesota. 

V ANUXEMIA ABRUPTA, n. SD .................... " . 
Anterior, la~eral and dorsal vi.ews of a nearly perfe~t 'cast ~f'~'~ig'ht '~ai~~:' Thi~ 

specimen IS of the average sIze and proportions. 
Oas.t of a larg~ left valv~ that has suffered Slightly from pressure, causing slight 

.dlfferences III tl:e outlIne and the anterior side to be less abrupt than usual 
SI~e and dorsal vlew.s of a smaller cast of a right valve in which the anterior ~nd 

IS very obtuse. MIddle Galena, Fillmore_county, Minnesota. 

Fig. 45. V ANUXEMIA SARDESONI Ulrich ........ .. 
. (See also plate XXXVII. fig~: ii-':'i9.i·" '" ........ '" ............. .. 

Intep?r of the left valve as brought out in a gutta-percha 'm . f th 
onglllal type of the species. 1 preSSlOn 0 e 
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Figs 1 to 5. 
1 to 3. 
4 and 5. 

Figs. 6 and 7. 

Figs. 8 to 12. 
8 to 10. 

11 and 12. 
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V ANUXEMIA DECIPIENS, n. sp ........ " ................ , ............ ........... 562 
Lateral, dorsal and anterior views of the largest cast o.t the interior seen. 
Side and dorsal views of a smaller cast. (If a right valve. Geol. Sur .. Mus., Reg. 

No. 8626. 

V ANUXEMIA WORTHENI Ulrich ............................... · ......... ·· .... .... 561 
The left side and an anterior view of a nearly perfect cast of the interior. Upper 

Galena, Jo Daviess county, Illinois. 

CYRTODONTA OBESA, n. sp ....................................................... . 
Three views of a typical shell of this species. Black River limestone, Mercer 

county, Kentucky. .. 
A small specimen of the natural size and x 2, referred to this species with some 

doubt. Middle third of the Trenton shales, St. Paul, Minnesota. 

542 

Figs. 13 to 15. CTENODONTA GIBBERA, n. sp................................ ...................... 542 

Figs. 16 to C]9. 
16 and 17. 

18 and 19. 

Figs. 20 to 23. 
20 to 22. 

Three views of the specimen described. It is a cast of the interior. Base of the 
middle Galena, Goodhue county, Minnesota. Mus. Geol. Sur. Reg. No. 8366. 

CYRTODONTA ROTULATA, n. sp ................................................. . 
Side and profile views of a large internal cast, from the middle third of the 

Trenton shales near F'ountain, Minnesota. Geol. Sur. Mus. Reg. No. 8336. 
Two views of the testiferous type of the species. Black River limestone, Mercer 

county, Kentucky. 

CYRTODONTA AFFINIS, n. sp ..................................................... . 
Side and dursal views, and the hinge of a right valve. Middle third of the 

Trenton shales, Goodhue county, Minnesota. 
A cast of the interior of the var. flllmo1·ensis. Middle Galena, Fillmore county, 

Minnesota. 

541 

540 

Figs. 24 and 25. CYRTODONTA PARVA, n. sp......................................................... 541 
The left side of an entire cast of the interior of . the natural size and x 2.3. 

Middle Galena near Fountain, Minnesuta. 

Figs. 26 and 27. CYRTODONTA JANESVILLENSIS, n. sp.................. ................ . . . ......... 537 
Casts of a small right and a larger left valve. The central part of the surface in 

the latter is braken in the specimen, but has been restored in the drawing. 
"Lower Blue" beds of the Trentun, Janesville, Wisconsin. Geol. Sur. Mus. 
Reg. No. 8323. 

Figs. 28 to 33 aDd? 45. 
28, 31 and 32. 

29. 

30. 

33. 
45. 

CYRTODONTA SUBOV ATA. n. sp ............................................. . 
Three views of an entire and well preserved shell. Birdseye limestone. 

High Bridge, Kentucky. 
An old left valve from the Black River limestone, or the base of the 

Trenton of Mercer county, KentUCky. 
Right side of a cast of the interior from the middle third of the Trenton 

shales, St. Paul, Minnesota. 
The hinge of a right valve from High Bridge, Kentucky. 
A cast of the interior of a right valve which is doubtfully referred to this 

species. The hight of the specimen has evidently been reduced by 
pressure. Trenton limestone, Oannon Falls, Minnesota. 

536 

Fig. 34. CYRTODONTA AMPLA, n. sp............................. ................ ......... 538 
An imperfect cas~ of the interior of a large left valve. Trenton limestOile 

Oannon Falls, Mlllnesota. ' 

Figs. 35 and 36. CYRTODONTA OBLIQUA Meek and Worthen.. 540 
The left side and a front view of the original' typ~ '~f thi's' ~p~~i~s:' 'ilii~~is 'Stai~ 

Museum. Galena l1mestone, Scales Mound, Illinois. 

Figs. 37 to 40. 
37 and 38. 

39 and 40. 

Figs. 41 to 44. 
41 to 43. 

44. 

CYRTODONTA GLABELLA Ulrich....... 543 
Two views .of the o.rigin~l type of th~' ~p~~i~~: "Mid'die 'thi~d' ~f' the 'Tre~'t~~ 

shales, Mlllneapol1s, Mlllnesota. 
T~o sharply.defined intern~l casts of opposite valves, showing slight variations 

III the outlIne. Trenton llmestune, Beloit, Wisconsin. 

CYRTODONTA PERSIMILIS, n. sp.................... ....544 
Three views of a~ excelle!1t cast of the interior:"" L~~~;' B'l;ie';,' beds 'of 'the 

Trenton formatIOn, BelOIt, Wisconsin. 
A Rrnall right valve from the limestone at Minneapolis, Minnesota. 

Fig. 46. CYRTODONTA OVIFORMIS UlriCh. 
. . (See also pl~i~ .~: fig: '1:; .......................•. '" •..••.•• 

M~ld of the lll~enor of a left valve, with a portion of the shell remaining. 
Lower Blue beds of the Trenton formation, JaneSVille, Wisconsin. 

PLATE XXXIX. 
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Figs to 5. V ANUXEMIA DECIPIENS, n. sp ........ " ................ , ............ ........... 562 
1 to 3. 
4 and 5. 

Lateral, dorsal and anterior views of the largest cast o.t the interior seen. 
Side and dorsal views of a smaller cast. (If a right val ve. Geol. Sur .. Mus., Reg. 

No. 8626. 

Figs. 6 and 7. V ANUXEMIA WORTHENl Ulrich .................... ······························· 

Figs. 8 to 12. 
8 to 10. 

11 and 12. 

The left side and an anterior view of a nearly perfect cast of the interior. Upper 
Galena, Jo Daviess county, Illinois. 

CYRTODONTA OBESA, n. sp ...................................................... . 
Three views of a typical shell of this species. Black Ri ver limestone, Mercer 

county, Kentucky. .. 
A small specimen of the natural size and x 2, referred to this species with some 

doubt. Middle tbird of the Trenton sbales, St. Paul, Minnesota. 

561 

542 

Figs. 13 to 15. CTENODONTA GIBBERA, n. sp............................... ....................... 542 

Figs. 16 to [19. 
16 and 17. 

18 and 19. 

Figs. 20 to 23. 
20 to 22. 

Three views of the specimen described. It is a cast of the interior. Base of the 
middle Galena, Goodbue county, Minnesota. Mus. Geol. Sur. Reg. No. 8366. 

CYRTODONTA ROTULATA, n. sp ................................................. . 
Side and profile views of a large internal cast, from tbe middle third of the 

Trenton sbales near F'ountain, Minnesota. Geol. Sur. Mus. Reg. No. 8336. 
Two views of tbe testiferous type of tbe species. Black Ri ver limestone, Mercer 

county, Kentucky. 

CYRTODONTA AFFlNlS, n. sp ..................................................... . 
Side and dursal views, and the binge of a right valve. Middle third of tbe 

Trenton shales, Goudbue county, Minnesota. 
A cast of the interior of the var. flllmo1·ensis. Middle Galena, Fillmore county, 

Minnesota. 

541 

540 

Figs. 24 and 25. CYRTODONTA PARVA, n. sp......................................................... 541 
Tbe left side of an entire cast of tbe interior of . the natural size and x 2.3. 

Middle Galena near Fountain, Minnesuta. 

Figs. 26 and 27. CYRTODONTA JANESVILLENSIS, n. sp.................. ...... .......... . .. ........ 537 
Casts of a small right and a larger left valve. Tbe central part of the surface in 

the latter is bruken in the specimen, but has been restored in the drawing. 
"Lower Blue" beds of tbe Trentun, Janesville, Wisconsin. Geol. Sur. Mus. 
Reg. No. 8323. 

Figs. 28 to 33 aud ?45. 
28, 31 and 32. 

29. 

30. 

33. 
45. 

CYRTODONTA SUBOV ATA. n. sp ............................................. . 
Tbree views of an entire and well preserved shell. Birdseye limestone. 

High Bridge, Kentucky. 
An old left valve from tbe Black River limestone, or the base of the 

Trenton of Mercer county, Kentucky. 
Right side of a cast of tbe interior from tbe middle tbird of the Trenton 

shales, St. Paul, Minnesota. 
The hinge of a right valve from High Bridge, Kentucky. 
A cast of tbe interior of a right valve which is doubtfully referred to this 

species. The bight of the specimen has evidently been reduced by 
pressure. Trenton limestone, Oannon Falls, Minnesota. 

536 

Fig. 34. CYRTODONTA AMPLA, n. sp.... .. .... .. .... ....... ...... ................ ......... 538 
An imperfect cas~ of the interior of a large left valve. Trenton limestoile 

Oannon Falls, Minnesota. ' 

Figs. 35 and 36. CYRTODONTA OELIQUA Meek and Wortben... 540 
The left side and a front view of the original' typ~ '~f this' ~p~~i~s:' 'ilii~~is 'State 

Museum. Galena !Jmestone, Scales Mound, Illinois. 

Figs. 37 to 40. 
37 anel 38. 

39 and 40. 

Figs. 41 to 44. 
41 to 43. 

44. 

CYRTODONTA GLABELLA Ulrich........... 543 
Two views .of the o.rigin~l type of the ~pe~i~~: ":Mid'ciie' thi~d' ~f' the 'T~e~'t~~ 

shales, Mlnneapuhs, Minnesota. 
T~o sharply.defined intern~l casts of opposite valves, showing slight variations 

In the outlllle. Trenton llmestune, Beloit, Wisconsin. 

CYRTODONTA PERSlMILIS, n. sp.................... ..544 
Three views of a!1 excelle!1t cast of tbe interior: .... 'L~~~~·B·l;{e·;'·beds·of·the 

Trenton formatIOn, BelOIt, Wisconsin. 
A Rmall right valve from the limestone at Minneapolis, Minnesota. 

Fig. 46. CYRTODONTA OVIFORMIS Ulrich 
. . (See also 'pl~t~ .~: fig: '1:; .......................•. '" •..•...• 

M~ld of the ln~eflOr of a left valve, with a portion of the shell remaining. 
Lower Blue beels of the Trenton formation, JaneSVille, Wisconsin. 



Vol . III. 

" 
2J 

~
- , 

, / 

" 

IS 

Lamelllbrancluala l 

S 

6 

IS 

C 
~ 

Plate XXXIX. 

JO 
" 

iJ 14 15 

,;I 
17 16 

( Y 

30 
19 

31 

{, ,..' , 



PLATE XL. 
PAGE. 

Fig. 1. OYRTODONTA OVIFOR1I:IS Ulrich .................. ·.·····························• 544 

Fgs. 2 to 6. 
2. 

3 to 5. 

6. 

Figs. 7 and 8. 

Figs. 9 to 14. 

9. 

10. 

11. 

12. 

13. 

14. 

Figs. 15 to 19. 
15 and 16. 

17. 

18 and ]9. 

(See also plate XXXlX. [\g. 46.) 

Anterior view of the type. 

OYRTODONTA BILLI:NGSI, n. sp ................................................... , 538 
Oast of a right valve from the lower Trenton limestone at Oannon Falls, 

Minnesota. 
Three views of the best specimen seen. Lower Trenton limestone, Dunleith, 

Illinois. 
Another specimen from the preceding locality. 

OYRTODONTA CINGULATA Ulrich .............................. ·.·.··.······.·.... 545 
Anterior view and the right side of the original type. Middle third of the 

Trenton shales, Minneapolis, Minnesota. 

OYRTODONTA GRANDIS Ulrich, and varieties ................... " ..... _ . . .... .... 547 
(See also figure 43, a-k, p. 547.) 

Oast of a large right valve of the var. germana Ulrich. Galena shales, Goodhue 
county, Minnesota. 

Oast of a small specimen from the middle Galena at Lime Oity, Minnesota. 
This specimen agrees better with the var. germana than with the typical 
form of the species. Geol. Sur. Mus. Reg. No. 4102. 

A small specimen (cast of a right valve) of the typieal form. Middle Galena 
Wykoff, Minnesota. 

Interior of the original type of Cypricardites germanu8 Ulrich. Upper Trenton 
near Danville, Kentueky. 

Part of the interior of the var. luculentus Sardeson, as shown in a gutta-percha 
impression from a east of the interior belonging to the Survey collection. 

A good cast of another right valve of the same variety and from the same 
locality. Upper beds of the Hudson River group, Granger, Minnesota. Geol. 
Sur. Mus. Reg. No. 8332. 

ORYRTODONTA TENELLA Ulrich _ ....................................... " ...... .. 
Lateral and anterior views of a large right valve. 
Hinge of same. The cardinal teeth are obscure in the specimen and may not be 

exactly as drawn. 
Anterior and lateral views of another right valve, differing from the preceding 

in being more uniformly convex. Upper part of the middle third of the 
Trenton shales, Goodhue county, Minnesota. 

546 

Figs. 20 and 21. V ANUXElIUA HA YNIANA Safford, sp. .................................... ........ 557 
(See also plate XXXVIII, fig. 32, and text p. 479, fig, 36-IV.) 

Imperfect interiors of two right valves. showing slight differences in the cardinal 
teeth. Upper Trenton, near Danville, Kentucky. 

Figs. 22 to 24. PLETHOCARDIA UMBONATA Ulrich................................................ 576 
Three views of the type bpeeimen. Upper part of the middle third of the 

Trenton shales, Goodhue eounty, Minnesota. 

Figs. 25 to 27. PLETHOCARDIA SUBERECTA Ulrich.. .......................................... 577 
Three views of the type specimen. Galena shales, Goodhue county. Minnesota. 

Figs. 28 to 30. 
28. 

29 and 30. 

Figs. 31 and 32. 
31. 

32. 

Figs. 33 and 34. 

Figs. 35 and 36. 

Figs. 37 and 38. 

WHITELLA QUADRANGULARJS Whitfield, sp ..................................... . 
An imperfect specimen doubtfully referred to this species. Hudson River group, 

Spring Valley, Minnesota. 
Lateral and antero-cardinal views of a cast of the interior from Savannah 

Illinois. ' 

WHITELLA OBLIQUATA Ulrieh ................................................... . 
A cast of a left valve from the uppAr beds of the Cincinnati group near Blan-

chester, Ohio. ' 
The interior?f a .left valve,.showing the hinge with its cardinal teeth, escutcheon 

and post.eno.r ~nternal lIgame1!t supports, and faint muscular impressions. 
The o.utline IS Imperfect post~norly, causing the shell to appear less oblique 
than It should be. Hudson RIver group, Spring Valley, Minnesota. 

TECHNOPHORus SUBACUTUS Ulrich .............. . 
Oas~ of the il?teri?r of the natural size and twice ~~g.;;ifieci:· T~~i:t't'~~ 'li~~~t~i:t'e', 

MlllneapolIs, Mlllnesota. Geol. Sur. Mus. Reg. No. 8338. 
TECHNOPHORus FILISTRIATUS Ulrich 

Left valve of the natural size and a '~~;a:il"p~~ti~'~ '~f' th~"s~rface' e'~ia:~g~d' t~ 
sh.ow the !egular character of the fine concentric lines. Upper part of the 
middle thIrd of the Trenton shales, Goodhue county, Minnesota. 

TECHNOPHORus DIVARICATUS Ulrich ............. . 
The type s~ecimen, a perfe.ct left valve, of the natu~~i' ~j;e 3;~d e~ia;g~d' t~~ 'a:~d 

one-half times. Upper third of the Tren ton shales, near Oan non Falls, Minnesota. 
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Fig. 1. OYRTODONTA OVIFORllIS Ulrich .................. ·.·····························• 
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544 

Fgs. 2 to 6. 
2. 

3 to 5. 

6. 

Figs. 7 and 8. 

Figs. 9 to 14. 

9. 

10. 

11. 

12. 

13. 

14. 

Figs. 15 to 19. 
15 and 16. 

17. 

18 and 19. 

Figs. 20 and 21. 

(See also plate XXXiX. fig. 46.) 

Anterior view of the type. 

OYRTODONTA BILLI:NGSI, n. sp ...................... , ................. , .......... , 538 
Oast of a right valve from the lower Trenton limestone at Oannon Falls, 

Minnesota. 
Three views of the best specimen seen. Lower Trenton limestone, Dunleith, 

Illinois. 
Another specimen from the preceding locality. 

OYRTODONTA CINGULATA Ulrich .............................. ·.····.······.·.... 545 
Anterior view and the right side of the original type. Middle third of the 

Trenton shales, Minneapolis, Minnesota. 

OYRTODONTA GRANDIS Ulrich, and varieties ................... " ................ 547 
(See also figure 43, a-k, p. 547.) 

Oast of a large right valve of the var. germana Ulrich. Galena shales, Goodhue 
county, Minnesota. 

Oast of a small specimen from the middle Galena at Lime Oity, Minnesota. 
This specimen agrees better with the var. german a than with the typical 
form of the species. Geo!. Sur. Mus. Reg. No. 4102. 

A small specimen (cast of a right valve) of the typic-al form. Middle Galena 
Wykoff, Minnesota. 

Interior of the original type of Cypricardites germanu8 Ulrich. Upper Trenton 
near Danville, Kentucky. 

Part of the interior of the var. luculentus Sardeson, as shown in a gutta-percha 
impression from a cast of the interior belonging to the Survey collection. 

A good cast of another right valve of the same variety and from the same 
locality. Upper beds of the Hudson River group, Granger, Minuesota. Geo!. 
Sur. Mus. Reg. No. 8332. 

ORYRTODONTA TENELLA Ulrich ................................................. . 
Lateral and anterior views of a large right val ve. 
Hinge of same. The cardinal teeth are obscure in the specimen and may not be 

exactly as drawn. 
Anterior and lateral views of another right valve, differing from the preceding 

in being more uniformly convex. Upper part of the middle third of the 
Trenton shales, Goodhue county, Minnesota. 

V ANUXEJlUA llA YNIANA Safford, sp ............................................ . 
(See also plate XXXVIII, fig. 3Z, and text p. 479, fig, 36-rv.) 

Imperfect interiors of two right valves. showing slight differences in the cardinal 
teeth. Upper Trenton, near Danville, Kentucky. 

546 

557 

Figs. 22 to 24. PLETHOCARDIA UMBONATA Ulrich................................................ 576 
Three views of the type bpecimen. Upper part of the middle third of the 

Trenton shales, Goodhue county, Minnesota. 

Figs. 25 to 27. PLETllOCARDIA SUBERECTA Ulrich.. .......................................... 577 
Three views of the type specimen. Galena shales, Goodhue county. Minnesota. 

Figs. 28 to 30. 
28. 

29 and 30. 

Figs. 31 and 32. 
31. 

32. 

Figs. 33 and 34. 

Figs. 35 and 36. 

Figs. 37 and 38. 

WHITELLA QUADRANGULARJS Whitfield, sp ..................................... . 
An imperfect specimen doubtfully referred to this species. Hudson River group, 

Spring Valley, Minnesota. 
Lateral and antero-cardinal views of a cast of the interior from Savannah 

Illinois. ' 

WHITELLA OBLIQUATA Ulrich ................................................... . 
A cast of a left valve from the upper beds of the Oincinnati group near Blan-

chester, Ohio. ' 
The interior?f a .left valve,.showing the hinge with its cardinal teeth, escutcheon 

and post.eno.r ~nternal ligame1!t support.s, and faint muscular impressions. 
The o.utlIne IS Imperfect post~florly, causIng the shell to appear less oblique 
than It should be. Hudson RIver group, Spring Valley, Minnesota. 

TEcHNoPHoRus SUBACUTUS Ulrich ...... . 
Oas~ of the il? teri?r of the natural size and' t~'i~~' ~~g;;ifi~d: . T~~~'t'~~ 'li~~~t~~'e', 

MInneapolis, MInnesota. Geo!. Sur. Mus. Reg. No. 8338. 
TEcHNoPHoRus FILISTRIATUS Ulrich ............... . 

Left val ve of the natural size and a small portion ~f' th~' 's;;ria~~ . ~~ia~g~d' t~ 
sh.ow the regular character of the fine concentric lines. Upper part of the 
mIddle thud of the Trenton shales, Goodhue county, Minnesota. 

TECllNOPHORus DIvARICATUS Ulrich 
The type s~ecimen, a perfe.ct left val'v'~,' ~f 'th~ 'n~t~~~i' ~ii~ a:~d ~~ia;g~d' t~~ 'a~d 

one-half tImes. Upper thIrd of the Tren ton shales, near Oan non Falls, Minnesota. 
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PLATE XLI. 

Fig. 
PAGE. 

1. WHITELLA RUGA TINA, n. sp .....................................................• 569 
Left side of a cast of the interior. Middle third of the Trenton shales, Minne-

Figs. 2 and 3. 

Figs. 4 and 5. 

Figs. 6 to 9. 
6 and 7. 

8 and 9. 

Figs. ]0 to 14. 
10 to 12. 
13 and 14. 

apolis, Minnesota. 

WHITELLA CONCENTRICA Ulrich ................................................. . 
The right side and a front view of the type. Middle third of the Trenton shales, 

Minneapolis, Minnesota. 

WHlTELLA MEGAMIlONA Whitfield, sp ........................................... . 
Two views, lateral and anterior, of a good cast of the interior. Trenton lime

stone, Minneapolis, Minnesota. 

WHITELLA COJlfP RESSA Ulrich ...................................... ·.·.· ....... . 
The right side and a front view of an internal cast, differing slightly from the 

type of the species. 
Two views, side and dorsal, of the original type of the species. Middle third of 

the Trenton shales, Minneapolis, Minnesota. 

569 

570 

568 

WHITELLA. TRUNCATA Ulrich..................................................... 572 
Dorsal, side and front views of an average specimen. 
The right side and a posterior view of the largest cast of the interior seen. 

Galena shales, Goodhue county, Minnesota. 

Figs. 15 and 16. WHlTELLA PRJECIPTA Ulrich................................... .. .. . .. ... . . .. .... 574 

Figs. 17 to 21 
17. 

18. 
19 and 20. 

21. 

Figs. 22 and? 23. 
22. 
23. 

Figs. 24 to 26. 
24. 
25. 
26. 

Figs. 27 and 28. 

Figs. 29 to 31. 
29 and 30. 

31. 

The left side and a dorsal view of a large and well preserved cast of the interior. 
Galena shales, Goodhue county, Minnesota. 

WHITELLA SCOFIELDI Ulrich .................................................... . 
A very large left valve from the middle third of the Trenton shales at St. Paul, 

Minnesota. 
Hinge of same. The cardinal teeth are abnormally developed. 
Anterior and side views of the original type of the species. Middle third of the 

Trenton shales, Goodhue county, Minnesota. 
Hinge of same x 2, showing the cardinal teeth, the striated escutcheon and the 

posterior internal ligament supports in a very satisfactory manner. 

WHITELLA SUBCARINATA, n. sp .................................................. . 
A well preserved internal cast of a right valve. Middle Galena,Wykoff. Minnesota. 
Cast of a left valve, supposed to represent an earlier variety of this species. 

Lower Trenton limestone, Jo Daviess county, Illinois. 

WHITELLA VENTRICOSA Hall, sp ................................................. . 
Internal cast of a right val ve in which the anterior margin is uniformly rounded. 
Anterior view of same, with the left valve restored from another specimen. 
Outline of the antero-dorsal part of a left valve in which the anterior margin is 

sharply rounded above. Trenton limestone, Watertown, New York. 

WHITELLA STERLINGENSIS Meek and Worthen ................................. . 
Antero-cardinal and lateral views of the original type of this species. The speci

men is a cast of the exterior. Upper part of the Hudson River group, Sterling, 
Illinois. Illinois State Museum. 

SAFFORDIA MODESTA Ulrich ..................................................... . 
The left side and a front view of an entire cast of the interior, natural size. 

The specimen is of the average size. Galena shales, Goodhue county, Minnesota. 
The left side of same x 2. 

571 

572 

573 

567 

627 

Figs. 32 and 33. SAFFORDIA SULCODORSATA Ulrich ...................... ,.......................... 626 

Figs. 34 to 41. 
34. 
35. 

36. 
37. 
38. 

39 and 40. 

41. 

Antero·cardinal and lateral views of the specimen de.3cribed. Upper part of the 
Hudson River group, near Spring Valley, Minnesota. 

SAFFORDIA VENTRALIS, n. sp .................................................... . 
Oast of the interior of a left valve. Spring Valley, Minnesota. 
Gutta-percha impression of a natural mold of a small left valve in the base of a 

bryozoan. Hudson River group, Iron Ridge, Wisconsin.. 
Anterior view of same. 
Hinge of a right valve. 
A left val ve. 
Ant.er.ior and cardinal views of same, with the right valve restored from the 

ongmal of figure 37. 
Hinge of th~ left valve. Upper beds of the Hudson River group near Spring 

Valley, Mmnesota. ., .. 

626 
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Fig. 
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1. WHITELLA RUGATlNA, n. sp .....................................................• 569 
Left side of a cast of the interior. Middle third of the Trenton shales, Minne

apolis, Minnesota. 

Figs. 2 and 3. 

Figs. 4 and 5. 

Figs. 6 to 9. 
6 and 7. 

8 and 9. 

Figs. ]0 to 14. 
10 to 12. 
13 and 14. 

WHITELLA CONCENTRIC A Ulrich ................................................. . 
The right side and a front view of the type. Middle third of the Trenton shales, 

Minneapolis, Minnesota. 

WHITELLA MEGAMBONA Whitfield, sp .......................................... .. 
Two views, lateral and anterior, of a good cast of the interior. Trenton lirrie

stone, Minneapolis, Minnesota. 

WHITELLA COJlfP RESSA Ulrich........................................... . ...... . 
The right side and a front view of an internal cast, differing slightly from the 

type of the species. 
Two views, side and dorsal, of the original type of the species. Middle third of 

the Trenton sbales, Minneapolis, Minnesota. 

WHITELLt\ TRUNCATA Ulrich ................................................... .. 
Dorsal, side and front views of an average specimen. 
The right side and a posterior view of the largest cast of the interior seen. 

Galena shales, Goodhue county, Minnesota. 

569 

570 

568 

572 

Figs. 15 and 16. WHlTELLA PRJECIPTA Ulrich................................... .... ...... ........ 574 

Figs. 17 to 21 
17. 

18. 
19 and 20. 

21. 

Figs. 22 and? 23. 
22. 
23. 

Figs. 24 to 26. 
24. 
25. 
26. 

Figs. 27 and 28. 

Figs. 29 to 31. 
29 and 30. 

31. 

The left side and a dorsal view of a large and well preserved cast of the interior. 
Galena shales, Goodhue county, Minnesota. 

WHITELLA SCOFIELDI Ulrich .................................................... . 
A very large left valve from the middle third of the Trenton shales at St. Paul, 

Minnesota. 
Hinge of same. The cardinal teeth are abnormally developed. 
Anterior and side views of the original type of the species. Middle third of the 

Trenton shales, Goodhue county, Minnesota. 
Hinge of same x 2, showing the cardinal teeth, the striated escutcheon and the 

posterior internal ligament supports in a very satisfactory manner. 

WHITELLA SUBCARINATA, n. sp .................................................. . 
A well preserved internal cast of a right valve. Middle Galena, Wykoff. Minnesota. 
Cast of a left valve, supposed to represent an earlier variety of this species. 

Lower Trenton limestone, Jo Daviess county, Illinois. 

WIIITELLA VENTRICOSA Hall, sp, . ' .............................................. . 
Internal cast of a right valve in which the anterior margin is uniformly rounded. 
Anterior view of same, with the left valve restored from another specimen. 
Outline of the antero-dorsal part of a left valve in which the anterior margin is 

sharply rounded above. Trenton limestone, Watertown, New York. 

WHITELLA STERLINGENSIS Meek and Worthen ............ , .................... . 
Antero-cardinal and lateral views of the original type of this species. The speci

men is a cast of the exterior. Upper part of the Hudson Ri ver group, Sterling, 
Illinoj~. Illinois State Museum. 

SAFFORDIA MODESTA Olrich ..................................................... . 
The left side and a front view of an entire cast of the interior, natural size. 

The specimen is of the average size. Galena shales, GOOdhue county, Minnesota. 
The left side of same x 2. 
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627 

Figs. 32 and 33. SAFFORDIA SULCODORSATA Ulrich ...................... ,.................. ........ 626 

Figs. 34 to 41. 
34. 
35. 

36. 
37. 
38. 

39 and 40. 

41. 

Antero·cardinal and lateral views of the specimen de3cribed. Upper part of the 
Hudson River group, near Spring Valley, Minnesota. 

SAFFORDIA VENTRALIS, n. sp. , .................................................. . 
Oast of the interior of a left valve. Spring Valley, Minnesota. 
Gutta-percha impression of a natural mold of a small left valve in the base of a 

bryozoan. Hudson River group, Iron Ridge, Wisconsin. 
Anterior view of same. 
Hinge of a right valve. 
A left val ve. 
Ant.er,ior and cardinal views of same, with the right valve restored from the 

onglOal of figure 37. 
Hinge of th~ left valve. Upper beds of the Hudson River group near Spring 

Valley, MlOnesota, ., .. 
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PLATE XLII. 
PAGJiJ. 

~'igs; 1 to 5. 
1 and 2. 
3 ani! 4. 

5. 

LYRODESMA ACUMINATUM, n. sp...... ...... .................................. .................. 609 

Figs. 6 to 8. 
6. 

7 and 8. 

Figs. 9 to 14. 
9 and 10. 

11 and 12. 

13 and 14. 

Lateral and cardinal views of a large rig hI; val ve of the typical form. 
Opposite views, the Inner X 2. or a left valve of lohe val'. inter-media 
The hinge of a right valve of the typical form, X B, ,howing the I'etral sweep of the teeth. 

LYRODESMA CANNONENSE, n. sp ................. " .......................................... " ................... . 
Somewhat weathered cast of the Interior. 
Lateral and cardinal views of a cast preserving the muscular SClLrs. 

ALC,ODESMA SUBELLIPTICUM Ulrich ............................................................................ . 
Cardinal and lateral views of tho cast of the intel'lor npon which tbe species was founded. 
Lateral and cardinal views of ,t better pI'eserve,l cast, X 2. showin,( the muscular scars, pallial line 

and impressions of the hinge teeth. 
Restoration of the hinge. 

Figs. 15 and 16. MODIOLOPSIS OWENI, n. sp............................ . ................................................. .. 
Lateral and cardinal views 0f a partilLI cast of the in torior. 

Figs. 17 and 18. MODIOLOPSIS CONSIMILIS, n: sp ................................................................ . 
Lateral and cardinal views of an entire silicified example of this species. 

910 

617 

506 

50[\ 

Fig. 19. MODIOLoPsls SIM[LIS Ulrich ........ .............................................................. .............. 504 

l1'i,gs. 20 to 25. 
20 to 23. 

24. 
25. 

(See also plate XXXVI. figs. 1 and 2.) 
View of the right side of the type of this species. '.rhe speCimen h pI'eserved chiefly as a cast of the 

interior and shows an impression of the shallow anterior nlLlscular scar. 

OLIDOPEIORUS NEGLECTFS Hall .. .. .. .... . ... .............. . ................................................. .. 
Foul.' views of a rather large specimen from the left side of wbich tbe shell bas been removed, so as to 

show the nJUscular scars and the strong vertical furrow left by the clavicle. The posterior ext-rem-
ity in this specimen is narrower than usual. 

An oblique cardiual view of ,t cast of the interior, X 6, showing an illlpression of the denticulated bing". 
Very perfect cast of the interior of an unusually large right val ve, ~h(>wiDg, besides the usual char

acters, several obscure rays on the sides and a number of small umbonal scars. Minn. Geol. Sur. 
Mus. Reg. No. 7336. 

li'i~s. 26 to 28. CTENODONTA I,OGANI Salter .................................................... . 
26 and 27. Oast of the interior of a right val ve. Minn. Geol. Sur. ~ius. Reg. No. 8;)16. 

28. Gntta-percba impression of same, showing the binge. 

607 

5Ul 

Fig. . 29. CTENODONTA OVIFORMIS, n. sp.......... ................. .............................. ............... .......... 586 
Left side of a cast of tbe interior, showing the strong muscular sears and otber characters of the 

speCies. 

Fig. 30. CTENODONTA NASUTA Hall........... ............................................................................. 581 
A small testiferous left valve of this species from the middle third of the Trenton shales, near Cannon 

Falls, Minnesota. 

Figs.31 to 33. CTENODONTA CUNEIFORMIS, n. sp ..... .. .... .... . ... .... .. .... .. .... .. . ....... .. ... ......................... 587 
3t and 32. Two right valves, th" first ·.vith tbe posterior constrictioa more distinct than in the other. 

sa. Hinge of a l'igh.t val ve, X 2. 

FigS. 34 to 36. OTENODONTA. SUBNA.SUTA, n. sp .......... . 
Three views of a cast of the interior. 

Fig. 37. OTENDONT.A. GIBBERULA Salter ............................................ . 
(See also text p. 590, fig. 44, f and g) 

An excellent mold of the interior of a left valve. 

Figs. 38 to 40. CTENODONTA PLANODORSATA Ulrich ........ 
(See also plate XXXVfI, figs. 25-28 ) 

38. View of the inner side of a left valve. X 3. 
39. Hinge of same, more highly magnified. 
40. Artificial cast of the interior of a right valve. 

IJ'igs.41 to 43. CTENODONTA CARINATA, n. sp ..................................................... . 
41 and 42. A right and left val ve, botb imperfect and varying sligtly in outline. 

Figs.4! to 

45 to 

43. Dorsal view of the left valve, 

49. 
44. 
47. 
48. 
49. 

CTENODONTA. NITIDA Ulrich ...... 
The right side of a small testiferous specimen. 
Lateral, cardinal and posterior views of same, X 2. 
The right side of a weJl preserved cast of the interior of a large example. 
Cardinal view of same, X 2, showing scars of the add uctor and pedal m llscles. 

585 

587 

589 

589 

592 

Figs. 50 to 52. OTENODONTA MEDIALIS, n. sp........ .......................................... ................................. 593 
50. 
5!. 
52. 

Figs. 53 to 58. 
53 to 56. 

57. 
58. 

Silicified right valve of the species from tbe middle tbird of tbe Trenton shales. 
Hinge of same, X 2. 
Oast of the interior from the Galena shales, provisionally referred to this species. 

OTENODONTA SCOFIELDI, n. sp................................................... 593 
The left side and posterior, anterior and dorsal views of a specimen preserving the shell and showing, 

among other characters of the species, the sharply angular umbonal ridge. 1I1i,ldle third of tbe 
Trenton shales, near Cannon Falls, Minnesota. 

Hinge of a right valve, x 2. 
The right side of a cast of the interior from the Galena shales, provisionally referred to this species. 

The anterior end is larger than in the typical form. 
[OVER. 
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l' AdE. 
609 

1 and 2. 
a ani! 4. 

5. 

Figs. 6 to 8. 
6. 

7 ",nd 8. 

L!Lteral and cardinal views of a large right; val ve of tbe typic",1 form. 
Opposite views, the inner X 2. or a left v",1 ve of tohe val'. inte,.media 
Tbe binge of a right valve of tbe typical form, X 3, ,hawing the retralswee[) of the teeth. 

LYRODESMA CANNONENSE, n. sp ... ... . ......................................................................... .. 
Somewhat weathered cast of the Interior. 
Latera.l and cardinal views of a cast preserving the muscular SC",I'S. 

DIO 

Figs. 9 to 14. AL(,ODESMA SUBELLIPTICUM Ulrich............. .... ............................................................ 017 
9 !Lnd 10. 

11 and 12. 

13 ",nd 14. 

C!Lrdinal and later",l views of tho cast of the intel'lor upon which tIle species WaS founded. 
Lateral and cardinal views of ,t better pI'eseI've,l cast., X 2. showin", the muscular scars, pallial line 

and impressions of tbe hinge teeth. 
Restoration of the hlngc. 

Figs. 15 and 16. MODIOLOPSIS OWENI, n. sp............................ . ........... .. 
Lateral and cardinal views 0f a parti",1 c",st of the interior. 

Figs. 17 and 18. MODIOLOPSIS CONSIMILIS, n: sp ............................................ ' ................... . 
Lateral and cardinal views of an entire silicified example of this species. 
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50;; 

Fig. 19. MODIOLOPSIS SIMlLIS Ulrich ........ .............................................................. .............. 504 

lI'igs.20 to 25. 
20 to 23. 

2~. 

25. 

(See also plate XXxVI. figs. 1 ",nd 2.) 
View of the rlgbt side of the type of this species. '1'he speCimen h preserved chiefly as a cast of the 

interior and sbows an impression of the shallow anterior museul",r SCar. 

OLIDOPEIORUS NEGLECT!'S Hall .. .. .. .... . ... .............. . ................................................. .. 
Four views of a r",Lher large specimen from the left side of which the shell has been removed, so as to 

show tbe nmscular scars and tbe strong vertical furrow ltit by the cbvicle. The posterior e,t·rem-
ity in this specimen is narrower than usual. 

An oblique cardinal view of ,t cast of the interior, X 6, sflowing an illlpression of the denticulated hing8. 
Very perfect cast of the interior of an unusually large right vttl ve, ~howiDg, besides the usual char

acters, several obscure rays on the sides a.nd a 11llllllJer of small uml)onal scars. Minn. Geo1. Sur. 
Mus. Reg. No. 7336. 

Figs. 26 to 28. OTENODONTA I,OGANI Salter .................................................... . 
26 and 27. Cast of the interior of a right val ve. Minn. Geol. Sur. ~ius, Reg. No. 8:316. 

28. Gutta-percha impression of same, showing the binge. 
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5Ul 

Fig. . 29. CTENODONTA OVIFOR)fIS, n. sp........................... .............................. ............... ...... .... 586 
Left side of a cast of the interior, sllowing the strong muscular scars anel otller characters of the 

species. 

Fig. 30. CTENODONTA NASUTA H"'ll........... ............................................................................. 58! 
A small testiferous left valve of this species from the middle third of the Trenton shales, near Cannon 

Falls, Minnesota. 

Figs. al to 33. OTENODONTA CUNEIFORMI8, n. sp ..... ...... .... .... .... .. .... ........ ........ .. ... ......................... 587 
31 and 32. Two right val ves, th" first ·.vith the posterior constrictioll more distinct than in the other. 

3a. Hinge of a righ.t v",l ve, X 2. 

Figs. 34 to 36. CTENODONTA SUBNASUTA, n. sp .......... . 

Fig. 

Three views of !L cast of the interior. 

37. CTENDONTA GIBBERULA Salter ...................................... .. 
(See also text p. 590, fig. 41, f and g) 

An excellent mold of tbe interior of a left valve. 

Figs. 38 to 40. CTENODONTA PLANODORSATA Ulrich........ .. .................... .. 
(See also plate XXXYfI, figs. 25-28 ) 

38. View of the inner side of a left val ve. X 3. 
39. Hinge of same, more highly magnified. 
40. Artificial cast of the interior of a righ t val ve. 

Figs. 41 to 43. CTENODONTA CARINATA, n. sp. .... ................................ .. ............ . 
41 and 42. A right and left valve, both Imperfect and varying sligtly in outline. 

Figs.4! to 

45 to 

Figs. 50 to 

43. Dorsal view of the left valve, 

49. 
44. 
47. 
48. 
49. 

52. 
50. 
51. 
52. 

CTENODONTA l"lTIDA Ulrich ...... 
The right side of a sm",ll testiferous specimen. 
L",ter,,'!, cardinal and posterior views of satlle, X 2. 
The right Eide of a well preserved cast of the interior of a large example. 
Cardinal view of s!Lme, X 2, sbowing scars of the adductor and pedal muscles. 

CTENODONTA MEDIALIS, n. sp ................................................................................. .. 
Silicified right valve of the species from the middle third of tile Trenton shales. 
Hinge of same, X 2. 
Cast of the interior from the Galena shales, provisionally referred to this species. 
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Figs. 53 to 58. OTENODONTA SCOFIELDI, n. sp................................................... 593 
53 to 56. 

57. 
58. 

The left side and posterior, anterior and dors",l views of a specimen preserving the shell ",nd showing, 
among other characters of the species, the sharply angular umbonal ridge. Middle third of the 
Trenton shales, near Cannon Falls, Minnesota. 

Hinge of a right val ve, x 2. 
The right side of a cast of the interior from the Galena shales, provisionally referred to this species. 

The anterior end is larger than in the typical form. 
[OVER. 
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Figs. 50 and 60. 
59. 
60. 

CTlilNODONTA SOCIALIS, n. sp...... . . . . .• .. ....•• • ........••.......•••••.•....••.•••• " .... '.' ;. •••• •••• •. .••• . . . • 594 

Figs. 61 to 64. 
61. 

62. 
63 and 64. 

Outline views of three specimens of different sizes and showing sUght variations in IOrlll. 
Hing~ of two right valves, X 3, showing slight differences in the anterior parts. . . 

CTENODONTA CALVINI, n. sp ..................................................................................... . 
An excellent cast of the Interior of a left valve, showing muscular scars and rays more plainl,! than: 

usual. In this specimen the lfngth aiso is a little greater than in the ot.hers. 
Another cast of a left valve. Minn. Geol. Sur. Mus. Reg. No. 8628. 
Lfl.teral and cardinal views of a cast of a right valve, representing the usual·characters otthe species. 

Figs. 65 and 66. CTENODONTA MADISONENSIS, n. sp .................................................................... , .......... . 
The left side and an anterior view of a testlfel'ous example of this species. 

Figs. 07 to 73. 
67 and 68. 

69. 
70 to 72. 

73. 

Figs. 74 and 75. 
74. 

75. 

Figs. 76 to 82. 
76 to 78. 

79. 
80. 

81 and 82. 

Figs. 83 to 87. 
83 and 84. 

85 to 87. 

Figs. 88 to 90. 

88 and 89. 
00. 

CTENODONTA FECUNDA Hall. ............................ · .. · .. · ...... ········ .. · .. •·· ...................... _ ... . 
The right side and an anterior view of a cast of the interior. Tn many specimens the posterior 

margiu is more rounded 
A small part of the external surface magnified to show the fine concentri~ and radiating lines. 
Cardinal and anterior views and the right side of "specimen preserving the shell. 
The wavy hinge line as shown on a cast of the interior, X 5. 

CTENODONTA SIMULATRIX, n. sp ..... .......................... ......................... • ..................... . 
A cast of the interior ot a right valve, showing the mURcular scars and retaining a little of the shell 

about the beak. 
As much of the hinge as can be made out from the preceding specimen. 

CTENODONTA ALBERTINA. n. sp ................................................................................. .. 
Three views of a large specimen having the posterior end a little narrower than usual. 
A smaller specimen of the usual form. 
Hinge of a large and smaller right valve. showing the subrostral pit and the geniculated teeth. 
Cardinal and lateral views of a cast of the interior which retains a part of the hinge. 

OTENODONTA OBLIQUA Hall .................................................................................. . 
Lateral and cardinal views of a small specimen of the large nOrlhwestern variety of this species, X 5. 

As usual, the specimen Is a cast of the interior and shows the muscular scars and impressions of the 
hinge denticles very clearly. 

Three internal casts of a small form of the species from the Cincinnati group of Ohio, X 5. 

CTENODONTA COMPRESSA Ulrich ................................................. .. ........................... .. 
(See also plate XXXVII, fig. 29.) 

Posterior and lateral views of a left valve. 
The greater part of the hinge of another left valve, X 5, showing the various parts In a beautiful 

state of preservation. 
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595 
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600 

Figs 91 and 92. OTENODONTA HAMBURGENSIS Walcott ............................................. ............. ........ .......... 605 
A right(?) valve of the natural size and. X 5. 

Figs. 93 and 94. CTENODONTA ALTA Hall.................................. .............................................. 602 

Figs. 95 to 97. 
95 and 96. 

97. 

Lateral and posterior views of a cast of the interior. 

CTENODONTA INTERMEDIA Ulrich ............................... ............... .. ...... . .................... .. 
Lateral and posterior views of a right valve preserving much of tbe shell. The opposite valve Is 

restored in the profile view. 
A sharply Illarked cast of the interior of a left valve. In this specimen the posterior extremity Is 

unusually produced. . 

601 

Figs. 98 to 101. OTlilNODONTA RECURV A Ulrich................................................................................... 602 
98 to 100. 

101. 

Figs. 102 _to 106. 
102. 

103. 

10~ to 106. 

Posterior, lateral and cardinal views of a perfect specimen of this species. shOWing the usual form, 
the anterior sulcus and the sharply defined anterior and posterior lunettes. 

The greater part of a hinge of a left valve, X 2, showing the arrangement of the dentlcles, the 
sharply elevated outer margin and the Iigamental area on the right side of the beak. 

CTENODONTA SlMILIB Ulrich................................. .... .. .. .. .. ...... . .. . . ... .... .. .... ............... 604 
Hinge of a left valve of this speCies, X 2, showing the prinCipal features upon which this species is 

separated from O. reeurva. (See fig. 101.) 

The left side of a specimen, showing the usual form of the species. Minn. Geol. Sur. Mus. Reg. 
No. 8368. 

Lateral, cardinal and posterior views of a specimen having an outline very similar to that of 
C. reeurva. But the absence of the anterior sulcus, the greater convexity of Its valves and the 
less sharply defined lunettes are all characteristic of C. 8im1lis and prove Its distinctness from 
C. reeurva. 
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Figs. 59 and 60. 
59. 
60. 

CTENODONTA SOCIALIS. n. sp.............. ...... . .... .......................... ................................ 594 

Figs. 61 to 64. 
61. 

62. 
63 and 64. 

Outline views of three specimens of different sizes and showing slight variations in .form. 
Hing~ of two right valves. X 3, showing slight differences In the anterior parts. 

CTENODGNTA CALVINI. n. sp ................................................................................... .. 
An excellent cast of the interior of a left valve. showing muscular scars and rays more plainly than 

usual. In this specimen the length aiso Is a llttle greater than in the others. 
Another cast pf a left valve. Minn. Geol. Sur. Mus. Reg. No. 8628. 
Lateral and cardinal views of a cast of a right valve, representing the usual characters of the species. 

Figs. 65 and 66. CTENODONTA MADISONENSIS. n. sp .............................................................................. .. 
The left side and an anterior view of a testlferous example of this species. 

Figs. 07 to 73. 
67 and 68. 

69. 
70 to 72. 

73. 

OTENODONTA FECUNDA Hall ............................... ·· ...... · .... ······ .. · .. · ........................ _ .. .. 
The right side and an anterior view of a cast of the interior. In many specimens the posterior 

margin is more rounded 
A smrLll part of the external surface magnified to show the fine concentrk and radiating lines. 
Cardinal and anterior views and the right side of a specimen preserving the shell. 
The wavy hinge line as shown on a cast of the interior. X 5. 

596 
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595 

Figs. 74 and 75. CTENODONTA SIMULATRIX, n. sp ..... ......... ........ ......... .............. ....... .... ............... ........ 000 
74. A cast of the interior of a right valve. showing the mURcular SCrLrs and retainIng a little of the shell. 

about the beak. 
75. As much of the hinge as can be made out from the preceding specimen. 

Figs. 76 to 82. 
76 to 78. 

79. 
80. 

8! and 82. 

CTENODONTA ALBERTINA, n. sp ................................................................................. .. 
Three views of a large specimen having the posterior end a little narrower than usual. 
A smaller specimen of the usual form. 
Hinge of a large and smaller right valve, showing the subrostral pit and the geniculated teeth. 
Cardinal and lateral views of a cast of the interior which retains a part of the hinge. 

Figs. 83 to 87. 
83 and 84. 

OTENODONTA OBLIQUA Hall ............................................................................. .. 

85 to 87. 

Lateral and cardinal views of a small speCimen of the large northwestern variety of this species, X 5. 
As usual, the specimen is a cast of the interior and shows the muscular scars and impressions of the 
hinge denticles very clearly. 

Three internal casts of a small form of the species from the Cincinnati group of Ohio, X 5. 

Figs. 88 kl 90. CTENODONTA COMPRESSA Ulrich ............................... .. 

88 and 89. 
90. 

(See also plate XXXVII, fig. 29.) 
Posterior and lateral views of a left valve. 
The greater part of the hinge of another left val ve, X 5, showing the various parts in a beautiful 

state of preservation. 

Figs 91 and 92. OTENODONTA HAMBURGENSIS Walcott .......................................................................... .. 
A right(?) valve of the natural size and X 5. 

Figs. 93 and 94. CTENODONTA ALTA Hall................................. .. .......................................... .. 

Figs. 95 to 97. 
95 and 96. 

97. 

Figs. 98 to 101. 
98 to ]00. 

101. 

Figs. 102 _to 105. 
102. 

103. 

104 to 106. 

Lateral and posterior views of a cast of the interior. 

CTENODONTA INTERMEDIA Ulrich ............................... ............... . .. ......................... .. 
Lateral and posterior views of a right valve preserving much of the shell. The opposite valve Is 

restored in the profile view. 
A sharply marked cast of the Interior of a left valve. In this specimen the posterior extremity Is 

unusually produced. 

OTENODONTA RECURVA Ulrich ................................................................................. .. 
Posterior, lateral and cardinal views of a perfect specimen of this species, showing the usual form, 

the anterior sulcus and the sharply defined anterior and posterior lunettes. 
The greater part of a hinge of a left valve, X 2, showing the arrangement of the denticlp,s. the 

sharply elevated outer margin and the ligamental area on the right side of the beak. 

CTENODONTA SIMI LIS Ulrich ................................................................................... . 
Hinge of a left valve of this species. X 2, showing the prinCipal features upon which this species Is 

separated from O. rtcurva. (See fig. 101.) 
The left side of a specimen, showing the usual form of the species. Minn. Geol. Sur. Mus. Reg. 

No. 8368. 
Lateral, cardinal and posterior views of a specimen having an outline very similar to that of 

C. recurua. But the absence of the anterior sulcus, the greater convexity of its valves and the 
less sharply defined lunettes are all characteristic of C. Bimilia and prove Its distinctness from 
C. recurva. 
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Figs. 1 to 3. LEPERDI'l'ELLA CANALIS, n. sp.. .... .... .... ........ .... .. ...... ...... .... .. .... .. 637 
Anterior lateral and ventral views of a left valve. Lower Trenton limestune, 

Minneapolis, Minnesota . 

. Figs. 4 to 6. LEPERDITELLA PERSIMILIS, n. sp................... ............................. 6:37 
Tbe rigbt side, anterior and ventral views of a ratber small specimen. Middle 

tbird of the Trenton shales, Minneapolis, Minn. 

Figs. 7 to 9. LEPERDITELLA MACRA, n. sp.... .......... ...................................... 6a8 

Figs. 10 to 14. 
10. 

11 to 14. 

Figs. 15 to 17. 
/' 15 and 17. 

16. 

Figs. 18 to 20. 
18. 

19 and 20. 

Figs. 21 to 25. 
21 to 24. 

25. 

Figs. 26 to 29. 
26. 

27 to 29. 

Fig~. 30 to 34. 
30 to 32. 
33 and 34. 

'rbe right side, anterior and ventral views of tbe specimen described, sbowing 
tbe remarkably compressed character of t,he anterior part. Middle third of 
the Trenton shales, MinneapoliS, Minn. 

LEPERDITIA FABULITES Oonrad .................................................. . 
Oast of the interior of the larger (right) valve. showing impressions of the twu 

sets of internal papillce along the ventral margin, x 2. Lower Trenton lime
stone, Minneapolis, Minn. 

Dorsal, ventral, right side, and posterior views, x 2, of an excellently preserved 
testiferou8 carapace, from the same formation and locality. The" eye tu
bercle" is unusually distinct. 

APARCHITES ELLIPTICUS, n. sp. .... .... .... .......... .... .... ............ ........ 644-
Posterior and ventral views of an entire carapace. Lower third of the Trenton 

shales, Minneapolis. 
The right side of another specimen from the same locality. 

APARCHITES MINUTISSIMUS, var. TRENTONENSIS........................ ......... 641) 
A small right valve from the Trenton shales, near Fountain, Minnesota. 
Lateral and ventral views of a larger valve from the Galena shales, near Oannon 

Falls, Minnesota. 

OYTHERELLA? RUGOSA Jones, and var. ARCTA, n var. .... .... .... .... .. .......... 686 
Lateral and edge views of two valves of this species, from the Galena sbales, near 

Oannon Falls, Minn. 
A valve of the var. ARCTA, from tbe middle beds of the Galena of Goodhue county, 

Minnesuta. Tbe generic pOSition of this species is doubtful, and, to facilitate 
comparison with Bythocypris and allied genera, this ~pecimen has been drawn 
witb the convex margin uppermost. 

l'RIMITIELLA SIMULANS, n. sp .................................................... . 
Left valve somewhat doubtfully referred to tbis species. 
Tbree views of a typical right valve. Botb specimens from the Trenton shales, 

near Fountain, Minnesoia. 

MACIWNO'l'ELLA SCOFIELDI, n. gen. et sp. . . .. . .................................. . 
Tbree views of a valve from the lower Trenton limestone at Oannon Falls, Minn. 
Two views of a long variety from tbe Birdseye limeRtone at Higb Bridge, 

Kentucky. 

'648 

684 

Figs. 35 and 36. APARCHITES? ARRECTUS, n. sp................................................... 646 
Two views of a left (?) valve. Upper third of the Trenton sbales, St. Paul, Minn. 

Figs. 37 and 38 .. APARCHITES CHATFIELDENSIS, n. sP................. ........ .... ...... .... .... .... 646 
Two views of a left valve the surface of whicb is Romewhat abraded. Middle 

third of the Trenton sbales, Chatfield, Minnesota. 

Figs. 39 to 41. SCHMIDTELLA INCOMPTA, var. SllB.£QUALIS, n. sp. et var......................... 642 

Figs. 42 to 44. 
42. 

43 and 44. 

Figs. 45 to 47. 
/. 45 and 46. 

47. 

(See also plate XLV, figs. 27, 32 and 33.) 
Three views of a right valve. Galena shales, near Oannon Falls, Minnesota. 

SCHMIDT ELLA CRASSIMARGINATA Ulrich ......................................... · 
Exterior of a right valve, x 10, showing the broad border. Lower Trenton lime

stone, Mineral Point, Wisconsin. 
Ventral and posterior views of same. 

SCH~IIDTELLA AFFINIS, n. sp ...................... ··········· .. ····· .. ·· .... ·· .. .. 
Anterior and side vi~ws of a right valve. Galena sbales, near Oannon Falls, 

Minnesota. 
Interior of the largest right valve seen. Tbe specimen is sligbtly distorted so 

that the hinge is bent inwardly. 
[OVER.] 
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Figs. 1 to 3. LEPERDl'l'ELLA CANALIS, n. sp.. .. . . .. . . .. .. .. ... .. . .... . . .... .. .... .. .... .. .... . . 637 
Anterior lateral and ventral views of a left valve. Lower Trenton limestone, 

Minneapolis, Minnesota . 

. Figs. 4 to 6. LEPERDlTELLA PERSIMILIS, n. sp................... ............................. 6:37 
The right side, anterior and ventral views of a rather small specimen. Middle 

third of the Trenton shales, Minneapolis, Minn. 

Figs. 7 to 9. LEPERDlTELLA lIfACRA, n. sp.... .......... ..................................... 6;)8 

Figs. 10 to 14. 
10. 

11 to 14. 

Figs. 15 to 17. 
./ 15 and 17. 

16. 

Figs. 18 to 20. 
18. 

19 and 20. 

Figs. 21 to 25. 
21 to 24. 

25. 

Figs. 26 to 29. 
26. 

27 tQ 29. 

Fig~. 30 to 34. 
30 to 32. 
33 and 34. 

'The right side, anterior and ventral views of the specimen described, showing 
the remarkably compressed character of t,he anterior part. Middle third of 
the Trenton shales, Minneapolis, Minn. 

LEPERDITIA FABULITES Conrad .................................................. . 
Cast of the interior of the larger (rig-ht) valve. showing impressions of the two 

sets of internal papillce along the ventral margin, x 2. Lower Trenton lime
stone, Minneapolis, Minn. 

Dorsal, ventral, right side, and posterior views, x 2, of an excellently preserved 
testiferous carapace, from the same formation and locality. The" eye tu-
1)ercle" is unusually distinct. 

APARCHITES ELLIPTICUS, n. sp. .... .... .... .......... .... .... ............ ........ 644 
Posterior and ventral views of an entire carapace. Lower third of the Trenton 

shales, Minneapolis. 
The right side of another specimen from the same locality. 

APARCHITES MINUTISSIMUS, var. TRENTONENSIS........................ ......... 64fi 
A small right valve from the Trenton shales, near Fountain, Minnesota. 
Lateral and ventral views of a larger valve from the Galena shales, near Cannon 

Falls, Minnesota. 

CYTHERELLA? RUGOSA JoneR, and var. ARCTA, n var.. ... ........................ 686 
Lateral and edge views of two val ves of this species, from the Galena shales, near 

Cannon Falls, Minn. 
A valve of the var. ARCTA, from the middle beds of the Galena of Goodhue county, 

Minnesota. The generic pOSition of this species is doubtfui, and, to facilitate 
comparison with Bythocypris and allied genera, this ~pecimen has been drawn 
with the convex margin uppermost. 

l'RIMITIELLA SIMULANS, n. sp .................................................... . 
Left val ve somewhat doubtfully referred to this species. 
Three views of a typical right valve. Both specimens from the Trenton shales, 

near Fountain, Minnesoia. 

MACRONO'l'ELLA SCOFIELDI, n. gen. et sp ........................................ . 
Three views of a valve from the lower Trenton limestone at Cannon Falls, Minn. 
Two views of a long variety from the Birdseye limeRtone at High Bridge, 

Kentucky. 

'648 

684 

Figs. 35 and 36. APARCHITES? ARRECTUS, n. sp................................................... 646 
Two views of a left (?) valve. Upper third of the Trenton shales, St. Paul, Minn. 

Figs. 37 and 38 .. APARCHITES CHATFIELDENSIS, n. sp........ .. ... .... .. .... .. .... .... .. .... . . .. .... 646 
Two views of a left valve the surface of which is somewhat abraded. Middle 

third of the Trenton shales, Chatfield, Minnesota. 

Figs. 39 to 41. SCHMIDTELLA INCOMPTA, var. SUB.£QUALIS, n. sp. et var.... ..... .... .... ...... .. 642 

Figs. 42 to 44. 
42. 

43 and 44. 

Figs. 45 to 47. 
45 and 46. 

47, 

(See also plate XLV, figs. 27, 32 and 33.) 
Three views of a right valve. Galena shales, near Cannon Falls, Minnesota. 

SCHMIDTELLA CRASSIMARGINATA Ulrich .............................. · ......... ·· 
Exterior of a right valve, x 10, showing the broad border. Lower Trenton lime· 

stone, Mineral Point, Wisconsin. 
Ventral and posterior views of same. 

SCHMIDTELLA AFFINIS, n. sp ...................... ··········· .. ········· .... ···· .. 
Anterior and side views of a right valve. Galena shales, near Cannon Falls, 

Minnesota. 
Interior of the largest right valve seen. The specimen is slightly distorted so 

that the hinge is bent inwardly. 
[OVER.] 
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PLATE XLIII.-Gontinued. 
1'IAGE. 

Figs. 48 to 52. 
48 and 49. 

,PRIMl'rIELLA CONSTRICTA, n. gen. et sp....... .................................... 647·' 
Three views of a right valve; from the base of the Birdseye limestone at High 

Bridge, Kentucky. In this form 'the anterior end is rounded and the border 

50. 

51 and 52. 

scarcely developed. . 
Two views of a right valve, representing the prevailing form of the species in 

Minnesota. 
Lateral and dorsal views of a longer right valve, from the lower third of the 

Trenton shales at Minneapolis, on which a small raised spot, situated jus~ 
behind the center of the valve, is barely distinguishable. . 

Figs. 53 to 56. 
53. 
54. 

PRIJI1ITIELLA LIMBATA, n. sp.. .... .. ...... .... ........ ...... .... .. ...... .... .. .... 648, 

55 and 56. 

Interior of a right valve. 
Anterior and lateral views of another right valve. 
Lateral and dorsal views of a left valve. Lower third of the Trenton shales, 

Minneapolis, Minn. 

Figs. 57 to 59. PRIMITIA GIBBERA, n. sp .................. '........ ................ ................ 655 
Three views of a left valve. Hudson River shales, near Spring Valley, Minnesota. 

Figs. 60 to 61. PRI1HITIA DUPLICATA, n. sp ............................ <......................... 65~ 

Figs. 62 to 65. 
62 to 64. 

65. 

Lateral and ventral views of a left valve. Middle third of the Trenton shales, 
Minneapolis, Minn. 

PRIMITIA' TUMIDULA, n. sp. .... . ............................................... . 
Three views of the exterior of a left valve, obtained by an impression in gutta 

percha from a natural mold. Hudson River shales, near Spring Valley, Minn. 
Cast of the interior of another left valve, from the same locality. ' 

655 

Fig. 66. PRIlIHTIA UPHAMI, n. sp ........................................................... _ 651 
Three views of a right valve. Galena shales, Cannon Falls, Minnesota. 

Figs. 67 and 68. PRIlIUTIA CELATA, n. sp........................................................... 653 
The exterior and a ventral view of a right valve. Middle third of the Trent,on 

shales, MinneapoliS, Minn. 

Figs. 69 to 72. 
69 to 71. 

72. 

PRIMITIA MICULA, n. sp .............. '.' ........................................•.. 
'l'hree views of a right valve. Galena shales, near Cannon Falls, Minnesota. 

Interior of a left valve, from the same locality, supposed to belong to this species. 
The outline is somewhat different from the preceding, but there is reason to 
believe that the valve is imperfect at the antero-ventral margin. 

653 

Figs. 73 and 74. PRIMITIA SANCTI PAULI, n. sp.................... .......... ........ .............. 652 
Two views of a right valve. Upper third of the Trenton shales, St. Paul, Minn. 

Figs. 75 to 77. PRIMITIELLA UNICORNIS Ulrich.... .. .. .. .. . .. .. .. .. .. .. . .. .. .. .. .. .. .. .. . .. . .. .. 649 
Three views of a right valve, from the lower or Utica horizon of the CinCinnati 

group at Covington, Kentucky. The specimen is one of the original types of 
the species. 

Figs. 78 to 81. PRIMITIA MAMMATA, n. sp..... .... .... ........ .... .... .... .... .... ...... .......... 652 
Dorsal, lateral and ventral views of a right valve. Lower third of the Trenton 

shales, Minneapolis, Minn. 

Figs. 82 and 83. BEYRICIDA INITIALIS, n. sp ...................................................... , 658 
Lateral and ventral views of a left valve. Middle third of the Trenton shales, 

Minneapolis. 

Figs. 84 to 88. MOOREA PUNCTA'l'A, n. sp .................................................. ,...... 682 
84. A right valve. 

85 to 87. Three views of a left valve. 
88.· Another left valve in which the marginal ridge is twice interrupted along the 

ventral border. Upper third of the Trenton shales, St. Paul, Minnesota. 

Fig. 89. MOOREA ANGULAUIS, n. sp. . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . ... . . . . ..•. . . . . 682 
(See also plate XLVI. figs. 15 and 16.) 

Side and ventral views of a right valve. Middle third of the Trenton shales 
_ MinneapOlis, Minn. ' 

I I ':, 

'< • 

. I":: 

Figs. 48 to 52. 
48 and 49. 

50. 

51 and 52. 

Figs. 53 to 56. 
53. 
54. 

55 and 56. 

PLATE XLIII.-Contimted. 

PRIMITIELLA CONSTRICTA, n. gen. et sp .......................................... . 
Three views of a right valve; from the base of the Birdseye limestone at High 

Bridge, Kentucky. In this form 'the anterior end is rounded and the border 
scarcely developed. ' 

Two views of a right valve, representing the prevailing form of the species in 
Minnesota. 

Lateral and dorsal views of a longer right valve, from the lower third of the 
Trenton shales at Minneapolis, on which a small raised spot, situated just, 
behind the center of the valve, is barely distinguishable. ' 

PRIMITIELLA LIMBATA, n. sp .........................•..... ' ..................... . 
Interior of a right valve. 
Anterior and lateral views of another right valve. 
Lateral and dorsal views of a left valve. Lower third of the Trenton shales, 

Minneapolis, Minn. 
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648 

Figs. 57 to 59. PRIMITIA GIBBERA, n. sp ....................................... ·.. ................ 655 
Three views of a left valve. Hudson River shales, near Spring Valley, Minnesota. 

Figs. 60 to 61. PRIJlIITIA DUPLICATA, n. sp................ .............................. ........ 654 

Figs. 62 to 65. 
62 to 64. 

65. 

Fig. 66. 

Figs. 67 and 68. 

Figs. 69 to 72. 
69 to 71. 

72. 

Figs. 73 and 74. 

Figs. 75 to 77. 

Lateral and ventral views of a left valve. Middle third of t,he Trenton shales, 
Minneapolis, Minn. 

PRIMITIA TUMIDULA, n. sp. ... ................................................. 655 
Three views of the exterior of a left valve, obtained by an impression in gutta 

percha from a natural mold. Hudson River shales, near Spring Valley, Minn. 
Cast of the interior of another left valve, from the same locality. 

PRIJIIITIA UPHAMI, n. sp .......................................................•... _651 
Three views of a right valve. Galena shales, Cannon Falls, Minnesota. 

PRIJIlITIA CELATA, n. sp............... . .... . .... .. .... .... .... ...... ...... .. .... .. 653 
The exterior and a ventral view of a right valve. Middle third of the Trenton 

shales, Minneapolis, Minn. 

PRlJIfITIA MICULA, n. sp ...... , ........ ,. . . . . . . . . . . . . . . . . . . . . . . . .... . . . . ... . . . . . .... 653 
'l'hree views of a right val ve. Galena sbales, near Cannon Falls, Minnesota. 

Interior of a left valve, from the same locality, supposed to belong to this species. 
The outline is somewhat different from the preceding, but there is reason to 
believe that the valve is imperfect at the antero-ventral margin. 

PRIMITIA SANCTI PAULI, n. sp...................................... .............. 652 
Two views of a right valve. Upper third of the Trenton shales, St. Paul, Minn. 

PRIMITIELLA UNICORNIS Ulrich .......... ,....................................... 649 
Three views of a right valve, from the lower or Utica horizon of the Cincinnati 

group at COVington, Kentucky. The specimen is one of the original types of 
the species. 

Figs. 78 to 81. PRIMITIA MAMl\'lA.TA, n. sp ........................ , .... .... .... .... .... .. .... ...... 652 
Dorsal, lateral and ventral views of a right valve. Lower third of the Trenton 

shales, Minneapolis, Minn. 

Figs. 82 and 83. BEYRICHIA INITIALIS, n. sp. .... .... .............. .................... ............ 658 

Figs. 84 to 88. 
84. 

85 to 87. 
88 .• 

Lateral and ventral views of a left valve. Middle third of the Trenton shales, 
Minneapolis. 

MOOREA PUNCTATA, n. sp ................................................. , ..... . 
A right valve. 
Three views of a left valve. 
Another left valve in which the marginal ridge is twice interrupted along the 

ventral border. Upper third of the Trenton shales, St. Paul, Minnesota. 

682 

Fig. 89. MooREA ANGULARIS, n. sp ......................... ' ...... .... .... ................ 682 
(See also plate XLVI, figs. 15 and 16,) 

Side and ventral views of a right valve. Middle third of the Trenton shales 
. Minneapolis, Minn. ' 
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PLATE XLIV. 

All the figures on this plate are magnified about tweuty diameters. 
PAGE. 

Fig. 1. EURYCHILINA RETICULATA Ulrich......................................... ...... 660 
A perfect left valve of this species. Lower third of the Trenton shales, Fillmure 
. county, Minnesota. . 

Fig. . 2. EURYCRILINA RETIOULATA, var. INCURVA, n. var..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 660 

Figs. 3 and~ 4. 
3. 
4. 

4ct. 

Figs. 5 to 7. 

5. 
6 and 7. 

Figs. S to 11. 
Sand 9. 

10 and 11. 

Figs. 12 to 16. 
12 to 14. 

15 to 16. 

Left valve from the upper third of the Trenton shales at St. Paul, M.innesota. 

EURYCHILINA' SUBRADIATA Ulrich................................................ 661 
Interior of a perfect right val ve. 
Nearly perfect left valve, showing the usual characters of the species as it occurs 

in Minnesota. . 
Section of same across central portion of valve. 

Lower third of the Trenton shales, Minneapolis, Minn. 

EURYCHTLINA(?) SYMMETRICA, n. sp.............................................. 663 
(See also plate XLV, figs. 4-6.) 

Interior of a right valve. 
Exterior and anterior views of a more elongate left (?) valve. 

Upper third of the Trenton shales, St. Paul, Minn. 

CTENOBOLBINA FULCRATA, n. sp. .... . ... ..... ................................... 674 
Lateral and posterior views of a left valve, presenting the usual characters of 

the species. 
Lateral and dorsal views of a right valve, resembling in certain respects the next 

species. 
Upper third of the Trenton shales, St. Paul, Minnesota. 

CTENOBOLBINA CRASSA Ulrich ................................................... . 
Lateral, posterior, and dorsal views of a left valve. This is the original type 

of the species. Upper third of the Trenton shales, St Paul, Minnesota. 
Lateral and posterior views of another left valve from the same locality, differ· 

ing in several respects from the type. 

675 

Figs. 17 to 19. JONESELLA OBSCURA, n. sp...................................................... 668 

FigS. 20 to 22. 
20 and 21. 

22. 

Left and"right valves and an interior view of the first. The" horseshoe" ridge 
is very obscure in its lower curved part. Galena shales, Cannon Falls, Minn. 

DREPANELLA BIGENERIS, n. sp .................................................. . 672 
Side and posterior views ofa left valve. Lower Trenton limestone, Minneapolis, 

Minnesota. . 
Longitudinal sectional view across the central part of the same. 

Fig. 23. DWRANELLA SPINOSA, n. sp....................................................... 665 
(See also plate XLVI, fig. 41.) 

A left valve of this species. Middle third of the Trenton shales, Minneapolis, 
Minnesota. 

Figs. 24 and 25. DWRANELLA (?) SrMPLEX, n. sp ...................... , ........................... . 666 
(See also plate XLVI, fig. 4'3.) 

Lateral and posterior views of a left valve. Galena shales, Oannon Falls, Minn. 
In fig. 24 the oblique spine on the left side of the center appears scarcely 
prominent enough. 

Fig. 26. DICRANELLA BICORNIS, n. gen. et sp .. " .... .... .. .... .......... .. . . . ..... ... ... . . 665 
(See also plate =VI, figs. 39 and 40,) 

A right valve wanting only the posterior part of the marginal frill. Middle 
third of the Trenton shales, Minneapolis, Minnesota. 

Figs. 27 a,nd 28. DICRANELLA MARGINATA, n. sp.......................... ........................ 666-

Figs. 29 to 35. 
29 to 31. 

32. 

33. 
34 and 35. 

Lateral and posterior views of a right valve. Trenton shales, near Fountain, 
Minnesota. 

BYTHOCYPRIS OYLINDRICA Han, sp .............................................. . 
The left side, dorsal, and posterior views of an average example of this species. 

Lower beds of the Cincinnati group, Cincinnati, Ohio. 
View of the interior of a right valve, showing a slight central thickening of the 

test. From the same locality. 
Ventral view of a complete carapace; also from Cincinnati, Ohio. 
Lateral and dorsal views of a small right valve, which is also a little narrower 

than usual. Galena shales, Cannon Falls, Minn. [OVER. 
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PLATE XLIV. 

All the figures on this plate are magnified ahout twenty diameters. 
PAGE. 

Fig. 1. EURYCHILINA RETICULATA Ulrich......................................... ...... 660 
A perfect left val ve of this species. Lower third of the Trenton shales, Fillmore 

county, Minnesota. 

Fig. 2. EURYCHILINA RETIOULATA, var. INCURYA, n. var................... ........ ...... 660 

Figs. 3 and~ 4. 
3. 
4. 

4ct. 

Figs. 5 to 7. 

5. 
6 and 7. 

Figs. 8 to 11. 
8 and 9. 

10 and 11. 

Figs. 12 to 16. 
12 to 14. 

15 to 16. 

Left val ve from the upper third of the Trenton shales at St. Paul, Minnesota. 

EURYCHILINA'SUBRADIATA Ulrich ........................ ,....................... 06! 
Interior of a perfect right val ve. 
Nearly perfect left valve, showing the usual characters of the species as it occurs 

in Minnesota. . 
Section of same across central portion of valve. 

Lower third of the Trenton shales, Minneapolis, Minn. 

EURYCHTLINA (?) SYMMETRICA, n. sp ......................................... ,... 661 
(See also plate XLV, fig". 4-6.) 

Interior of a right valve. 
Exterior and anterior views of a more elongate left (?) valve. 

Upper third of the Trenton shales, St. Paul, Minn. 

OTENOBOLBINA FULCRA'l'A, n. sp .................................... ,............ 6.40 
Lateral and posterior views of a left valve, presenting the usual characters of 

the species. 
Lateral and dorsal views of a right valve, resembling in certain respects the next 

species. 
Upper third of the 'I'renton shales, St. Paul, Minnesota. 

OTENOBOLBINA CRASSA Ulrich ....... , ...................... , .................... . 
Lateral, posterior, and dorsal views of a left valve. This is the original type 

of the species. Upper third of the Trenton shales, St Paul, Minnesota. 
Lateral and posterior views of another left valve from the same locality, differ· 

ing in several respects from the type. 

Figs. 17 to 19. JONESELLA OBSCURA, n. sp...................................................... 663 

Figs. 20 to 22. 
20 and 21. 

22. 

Left and"right valves and an interior view of the first. 'I'he" horseshoe" ridge 
is very obscure in its lower curved part. Galena shales, Oannon Falls, Minn. 

DREPANELLA BIGENERIS, n. sp .................................................. . 672 
Side and posterior views ofa left valve. Lower Trenton limestone, Minneapolis, 

Minnesota. . 
Longitudinal sectional view across the central part of the same. 

Fig. 23. DICRANELLA SPINOSA, n. sp..... .... .... .... ................ ...... .... .... ........ 665 
(See also plate XLVI, fig. 41,) 

A left valve of this species. Middle third of the Trenton shales, Minneapolis, 
Minnesota. 

Figs. 24 and 25. DICRANELLA (?) SIMPLEX, n. sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 656 
(See also plate XL'·I. fig. 4').) 

Lateral and posterior views of a left valve. Galena shales, Cannon Falls, Minn. 
In fig. 24 the oblique spine on the left side of the center appears scarcely 
prominent enough. 

Fig. 26. DICRANELLA BICORNIS, n. gen. et sp........ ...... .... .......... .......... .. ..... . 665 
(See also plate XLVI, figs. 39 and 40,) 

A right valve wanting only the posterior part of the marginal frill. Middle 
third of the Trenton shales, Minneapolis, Minnesota. 

Figs. 27 a,nd 28. DICRANELLA MARGINATA, n. sp ....................... '" ........................ 666 

Figs. 29 to 35. 
29 to 31. 

32. 

33. 
34 and 35. 

Lateral and posterior views of a right valve. Trenton shales, near Fountain, 
Minuesota. 

BYTHOCYPRIS CYLINDRIC A Han, sp .............................................. . 
The left side, dorsal, and posterior views of an average example of this species. 

Lower beds of the Cincinnati group, Cincinnati, Ohio. 
View of the interior of a right valve, showing a slight central thicken ing of the 

test. From the same locality. 
Ventral vi.ew of a complete carapace; also from Cincinnati, Ohio. 
Lateral and dorsal views of a small right valve, which is also a little narrower 

than usual. Galena shales, Oannon Falls, Minn. [OYER. 
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. Figs. 36 to 38. 

Figs. 39 to 42. 
39. 

40 to 42. 

Fig. -13. 

Figs. 44 to 46. 

Figs. 47 to 53. 
47 to 49. 

50. 
51 and 52. 

53. 

I':· 
.1 ' 

PLATE XLIV. -Continued. 

BYTHOCYPRIS t?) CURTA, n. sp .................................................. . 
Lateral, ventral, and anterior views of a rather small specimen. Middle third 

of t,he Trenton shales, St. Paul, Minnesota. 

BYTHOCYPRIS GRANTI, n. sp .................................. : ..............•..... 
A large left valve. Middle third of the Trenton shales, St. Paul, Minnesota. 
Lateral, anterior and ventral views of a smaller right valve, from the same 

locality. 

CYTHERELLA (?) SUBROTUNDA, n. sp ............................................. " 
The left side of the complete carapace upon which the species is founded. 

Lower third of the Trenton !lhales, Minneapolis, J\oIinnesota. 

KRAUSELLA INEQUALIS, n. gen. et sp ............................................ . 
Three views of an entire carapace. Lower Trenton limestone, Dixon, Illinois. 

KRAUSELLA ARCUATA, n. sp ..................................................... . 
Three views of the smaller (right) valve. Birdseye limestone, High Bridge, 

Kentucky. Relatively higher than the northwestern specimens. 
Right valve from the lower third of the Trenton shales at Minneapolis, Minn. 
Lateral and ventral views of another right valve. Lower Trenton limestone, 

Mineral Point, Wisconsin. 
View of the interior of a left valve. Also a vertical section through center of 

same. High Bridge, Kentucky. 
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.!!'igs. 36 to 38. 

Figs. 39 to 42. 
39. 

40 to 42. 

Fig. -!3. 

Figs. 44 to 46. 

Figs. 47 to 53. 
47 tu 49. 

50. 
51 and 52. 

53. 

PLATE XLIV. - Continued. 

BYTHOCYPRIS l?) CURTA, n. sp .................................................. . 
Lateral, ventral, and anterior views of a rather small specimen. Middle third 

of the Trenton shales, St. Paul, Minnesota. 

BYTHOCYPRIS GRANTI, n. sp .................................. , .............. \ .... . 
A large left valve. Middle third of the Trenton shales, St. Paul, Minnesota. 
Lateral, anterior and ventral views of a smaller right valve, from the same 

locality. 

CYTHERELLA (?) SUBROTUNDA, n. sp .............................................. . 
The left side of the complete carapace upon which the species is founded. 

Lower third of the Trenton 8hales, Minneapolis, ~Iinnesota. 

KRAUSELLA INEQUALIS, n. gen. et sp ............................................ . 
Three views of an entire carapace. Lower Trenton limestone, Dixon, Illinois. 

KRAUSELLA ARCUATA, n. sp ..................................................... . 
Three views of the smaller (right) valve. Birdseye limestone, High Bridge, 

Kentucky. Relatively higher than the northwestern specimens. 
Right valve from the lower third of the Trenton shales at Minneapolis, Minn. 
Lateral and ventral views of another right valve. Lower Trenton limestone, 

Mineral Point, Wisconsin. 
View of the interior of a left valve. Also a vertical section through center of 

same. High Bridge, Kentucky. 
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Figs. 

Figs. 

Figs. 

Figs. 

PLATE XLV. 

Unless otherwise IS stated, all the figures on this plate are magnified about twenty diameters. 

1 to 3. 
1. 

2 and 3. 

4 to 6. 

4 and 5. 

6. 

7 to 9. 

10 to 12. 

EURYCHILINA YENTROSA, n sp. or var .......................................... .. 
Left valve, imperfect at the extremities, yet preserving the essential characters 

of the species. Galena shales, Cannon Falls, Minnesota. 
Lateral and posterior views of a perfect right valve, from the same locality. 

EURYCHILINA (?) SYMMETRICA, n. sp ............................. , ............... . 
(See also plate XLIV, figs. 5-7.) 

Side and end views of a valve. x 28, differing somewhat from the specimens 
figured on plate XLIV. Upper third of the Trenton shales. St. Paul, Minn. 

Longitudinal section of same. 

EURYCHILINA (?) SUBACQUATA, n. sp .................................... , ........ . 
Side view of a left valve, with vertical and longitudinal sections of same. Upper 

third of the Trenton shales, St. Paul. Minnesota. 

APARCHITES FIMBRIATUS Ulrich., ...... " . , ..................................... . 
Side, ventral and posterior views of a right valve. Hudson River group, Spring 

Valley, Minnesota. 

PA.GE. 

662 

663 

663 

645 

Figs. 13 to 15. LEPERDlTELLA TUMIDA Ulrich .................... ,.............................. 637 
Side. dorsal, and posterior views of a typical right valve of this species, x 15, from 

the Birdseye limestone at High Bridge, Kentucky. Introduced for comparison 
with L. canalis and L. persimilis, figured on plate XLIII. 

Figs. 16 to 18. APARCHITES llHLLEPUNCTATUS Ulrich.. .... .... .... .... .... ...... ........ ........ 645 
Ventral, anterior, and side views of a right valve. Surface punctation omitted 

except on the antero-dorsal fourth of flg.]8. Trenton shales, Fountain, Minn. 

Figs. 19 and 20. LEPERDlTELLA DORSICORNIS Ulrich..... .. ............ .... .... .. .... .. .... ........ 639 
19. A left valve, x 15. Hudson River group, Savannah, IllinoiS. 

20 and 20a. Outlines of same in dorsal and anterior views. 

Figs. 21 to 23. APARCHITES GRANILABIATA Ulrich................. .... .... .... ........ .......... 644 
Posterior, side, and ventral views of a left valve. The minute surface granules 

are omitted except on a smaU space of fig. 22. Upper third of the Trenton 
shales, St. Paul, Minnesota. 

Figs. 24 to 26. LEPERDITELLA GERlIIANA Ulrich ............................ ,.................... 638 
Outlines of a left valve in anterior, Side. and ventral views, x 15. Lower Tren-

ton limestone, Mineral Point, Wisconsin. 

Figs. 28 to 30. PRIMITIELLA FILLlIlORENSIS, n. sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 649 

Fig. 3!. 

Figs. 27,32-33. 

27. 
32 and 33. 

Figs. 34 and 35. 

Figs. 36 to 38. 
36 and 37. 

38. 

Figs. 39 to 42. 

Three views of a right valve of this small species. Trenton shales, Fountain, 
Minnesota. 

PRIMITIA MINUTISSIMA, n. sp................ ....... .... ..... ............ .......... 651 
A left valve. Trenton shales, Fountain, Minnesota. 

SCHlIUDTELLA INCOllIPTA, n. sp.................. ...... .. ........ ........ ..•....... 642 
(See also plate XLIII, figs. 39-41.) 

Interior of a left valve. Trenton shales, Fountain, Minnesota. 
Side and anterior views of a right valve; from the same locality. 

SCHMIDTELLA BREYIS, n. sp ................................................ ; .. . . . . 64,2 
Side and anterior views of a left valve. Trenton shales, Fountain, Minnesota. 

SCHMIDTELLA UMBONATA, n. sp...................... . ........ .................. 641 
Anterior and side views of a left valve (opposite valve restored). Upper third of 

Trenton shales, St. Paul. Minnesota. 
View of the interior of a right val ve, from the same locality. 

SCHMIDTELLA SUBROTUNDA, n. sp ........................................ ' .... " . . 643 
Side and end views of a right and left valve. In both cases the opposite valve 

has been restored. Lower third of the Trenton shales, Minneapolis, Minn. 

Figs. 

Figs. 

Figs. 

PLATE XLV. 

Unless otherwise IS stated, all the figures on this plate are magnified about twenty diameters. 

1 to 3. 
1. 

2 and 3. 

4 to 6. 

4 and 5. 

6. 

7 to 9. 

EURYCHILINA YENTROSA, n sp. or var .......................................... .. 
Left valve, imperfect at the extremities, yet preserving the essential characters 

of the species. Galena shales, Cannon Falls, Minnesota. 
Lateral and posterior views of a perfect right valve, from the same locality. 

EURYCHILINA (?) SYMMETRICA, n. sp ............................. , ............... . 
(See also plate XLIV, figs. 5-7.) 

Side and end views of a valve. x 28, differing somewhat from the specimens 
figured on plate XLIV. Upper third of the Trenton shales, St. Paul, Minn. 

Longi tudinal section of same. 

EURYCHILINA (?) SUBACQUATA, n. sp .................................... , ........ . 
Side view of a left valve, with vertical and longitudinal sections of same. Upper 

third of the Trenton shales, St. Paul, Minnesota. 

PA.GE. 

662 

663 

663 

Figs. 10 to 12. APARCHITES FIMBRIATUS Ulrich., ...... , .. , ... , ................................. . 645 
Side, ventral and posterior views of a right valve. Hudson River group, Spring 

Valley, Minnesota. 

Figs. 13 to 15. LEPERDlTELLA TUlIfIDA Ulrich .................... ,................... ...... ..... 637 
Side, dorsal, and posterior views of a typical right valve of this species, x 15, from 

the Birdseye limestone at High Bridge, Kentucky. Introduced for comparison 
with L. canalis and L. persimilis, figured on plate XLIII. 

Figs. 16 to IS. APARCHITES lIHLLEPUNCTATUS Ulrich.. .... .... .... .... .... ...... ........ ........ 6!5 
Ventral, anterior, and side views of a right valve. Surface punctation omitted 

except on the antero-dorsal fourth of fig.]S. Trenton shales, Fountain, Minn. 

Figs. 19 and 20. LEPERDITELLA DORSlCORNIS Ulrich..... .. ............ .... .... .. .... .. .... ........ 639 
19. A left valve, x 15. Hudson River group, Savannah, Illinois. 

20 and 20a. Outlines of same in dorsal and anterior views. 

Figs. 21 to 23. APARCHITES GRANILABIATA Ulrich................. .............................. 644 
Posterior, side, and ventral views of a left valve. The minute surface granules 

are omitted except on a smaH space of fig. 22. Upper third of the Trenton 
shales, St. Paul, Minnesota. 

Figs. 24 to 26. LEPERDITELLA GERMAN A Ulrich................................................. 638 
Outlines of a left valve in anterior, side, anel ventral views, x 15. Lower Tren-

ton limestone, Mineral Point, Wisconsin. 

Figs. 28 to 30. PRIllUTIELLA FILLMORENSIS, n. sp................................................ 649 
Three views of a right valve of this small species. Trenton shales, Fountain, 

Minnesota. 

Fig. 31. 

Figs. 27,32-33. 

27. 
32 and 33. 

Figs. 34 and 35. 

Figs. 36 to 38. 
36 and 37. 

38. 

Figs. 39 to 42. 

PRIMITIA MIND TISSIMA, n. sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 651 
A left valve. Trenton shales, Fountain, Minnesota. 

SCHlIIIDTELLA INCOllIPTA, n. sp ........................ " ........ ........ ..•.•..... 642 
(See also plate XLIII, figs. 39-41.) 

Interior of a left valve. Trenton shales, Fountain, Minnesota. 
Side and anterior views of a right valve; from the same locality. 

SCHMIDT ELLA BREYIS, n. sp ................................. " ............. ; ...... 642 
Side and anterior views of a left valve. Trenton shales, Fountain, Minnesota. 

SCHMIDTELLA UMBONATA, n. sp...................... . .......................... 641 
Anterior and side views of a left valve (opposite valve restored). Upper third of 

Trenton shales, St. Paul. Minnesota. 
View of the interior of a right valve, from the same locality. 

SCHMIDTELLA SUBROTUNDA, n. sp. ................................................ 643 
Side and end views of a right and left valve. In both cases the opposite valve 

has been restored. Lower third of the Trenton shales, Minneapolis, Minn. 
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Figs. to 11. 
1 to 3. 

4. 
5. 

6 to 8. 

9 to 11. 

Figs. 12 to 14. 

PLATE XLVI. 

All tile figures on this plate are magnified about twenty diameters. 
PAGE. 

TETRADELLA QUADRILIRATA Hall and Whitfield, sp............................. 679 
Posterior, side, and dorsal views of a right valve. Middle third of the Trenton 

shales, Minneapolis, Minn. 
Another right valve. Birdseye liinestone, High Bridge, Ken~ucky. 
Inner side of a right val ve. Minneapolis. 
Three views of a left val ve, differing from the usual form in unimportant partic

ulars. Minneapolis. 
Three views of a variety, agreeing with var. simplex in wanting the po~terior 

marginallocuU. Trenton shales, Fountain, Minnesota. 

TETRADELLA LUNATIFERA Ulrich ....................... · ............. · ... ·...... 680 
Three views of a left valve of a variety ot this species. In other specimens that 

were found with this one the antero-median ridge is more distinctly double. 
(See cut, p. 680.) Galena shales, Cannon Falls, Minnesota. 

Figs. 15 and 16. MooREA ANG ULARIS, n. sp ................... " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 682 
(See also plate XLIII, fig. 89) 

Two views of a weather-worn valve, apparently of this species. Trenton shales, 
Fountain, Minnesota. 

Figs. ]7 and 18. MooRE A (?) PERPLEXA, n. sp........................................... .......... 683 

Figs. 19 to 22. 
19 and 20. 

21. 
22. 

Figs. 23 W 25. 

Figs. 26 to 29. 
26 and 27. 

28. 
29. 

Figs. 30 to 34. 

Figs. 35 to 38. 
35. 

36 and 38. 
37. 

Figs. 39 and 40. 

Fig. 41. 

Fig. 42. 

Figs. 43 to 46. 
43 to 45. 

46. 

Side and sectional views of the remarkable valve upon which this species is 
founded. Trenton shales, Fountain, Minnesota. 

CERATOPSIS CHAlI1BERSI Miller, sp .... , ...... , ................ , .. .... .. .... .. .... .. 676 
Side and ventral views of a left valve of the usual form. Upper third of the 

Trenton shales, St. Paul, Minnesota. 
Inner side of a more elongate right valve, from the sallie locality. 
Another right valve from the same locality, peculiar in having the small post

median ridge divided. 

BOLLIA UNGULOIDEA, n. sp........................................................ 669 
Three views of a left (?) valve. Galena shales, Cannon Falls,"Minnesota. 

BOLLIA SUB2EQUATA, n. sp ....................................................... . 
End and side views of a valve of this species. Trenton shales, Fountain, Minn. 
A small val ve from the same locality. 
Large and relati vely high valve from the same position at Cannon Falls, Minn. 

DILOBELLA TYPA, n. gen. et sp ................................................... . 
Figures of three valves showing slight variations. Upper third of the Trenton 

shales, St. Paul, Minnesota. 

DREPANELLA BILATERALIS, n. sp ............................................... . 
A right (?) valve of the usual size and appearance. 
Ventral and posterior views of a left valve. 
Interior of a right valve. 

Upper third of the Trenton shales, St. Paul, Minnesota. 

DICRANELLA BICORNIS, n. gen. et. sp ............................................. . 
(See also plate XLIV, fig. 26.) 

Side and posterior views of a nearly complete right valve. Middle third of the 
Trenton shales, Minneapolis, Minn. 

DICRANELLA SPINOSA, n. sp ...................................................... . 
(See also plate XLIV, fig. 23.) 

Posterior view of a left val ve. 

DICRANELLA (?) SIlI1PLEX, n. sp ................... " ........ " ........... " ...... . 
Ventral view of the valve figured on plate XLIV, figs. 24 and 25. 

HALLIELLA LABIOSA, n. sp ...................... . 
Anterior, rjorsal, and left side views of an entire' ~~'r~;~~~:' 'G~i~~'~ ';h~i~~ .~~~~ 

Cannou Falls, Minnesota. 
SomeWhat weathered and relatively longer left val ve: from the same locality. 
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Figs. to 11. 
1 to 3. 

4. 
5. 

6 to 8. 

9 to 11. 

Figs. 12 to 14. 

PLATE XLVI. 

All tile figures on this plate are magnified about twenty diameters. 
PAGE. 

TETRADELLA QUADRILIRATA Hall and Whitfield, sp ........................... " 679 
Posterior, side, and dorsal views of a right valve. Middle third of the Trenton 

shales, Minneapolis, Minn. 
Another right valve. Birdseye liinestone, High Bridge, Kentucky. 
Inner side of a right valve. Minneapolis. 
Three views of a left val ve, differing from the usual form in unimportant partic

ulars. Minneapolis. 
Three views of a variety, agreeing with var. simplex in wanting the pORterior 

marginal loculi. Trenton shales, Fountain, Minnesota. 

TETRAD ELLA LUNATIFERA Ulrich ................... · ... · ............. ·.......... 680 
Three views of a left valve of a variety ot this species. In other specimens that 

were found with this one the antero-median ridge is more distinctly double. 
(See cut, p. 680.) Galena shales, Cannon Falls, Minnesota. 

Figs. 15 and 16. MOOREA ANG ULARIS, n. sp .................................. , . . . . . . . . . . . . . . . . . . . . . . 682 
(See also plate XLIII, fig. 89) 

Two views of a weather-worn valve, apparently of this species. Trenton shales, 
Fountain, Minnesota. 

Figs. ]7 and 18. MOOREA (?) PERPLEXA, n. sp........................................... .......... 683 

Figs. 19 to 22. 
19 and 20. 

21. 
22. 

Figs. Z3 W 25. 

Figs. 26 to 29. 
26 and 27. 

28. 
29. 

Figs. 30 to 34. 

Figs. 35 to 38. 
35. 

36 and 38. 
37. 

Figs. 39 and 40. 

Fig. 41. 

Fig. 42. 

Figs. 43 to 46. 
43 to 45. 

46. 

Side and sectional views of the remarkable valve upon which this species is 
founded. Trenton shales, Fountain, Minnesota. 

CERATOPSIS CHAlIlBERSI Miller, sp..... .... .... .......... ........ ...... ...... ...... 676 
Side and ventral views of a left valve of the usual form. Upper third of the 

Trenton shales, St. Paul, Minnesota. 
Inner side of a more elonga te right val ve, from the saille locali ty. 
Another right valve from the same locality, peculiar in having the small post

median ridge divided. 

BOLLIA UNGULOIDEA, n. sp ..... , ............... '" ......... , . ..... .... .... .. ...... 669 
Three views of a left (?) valve. Galena shales, Cannon Falls,Minnesota. 

BOLLIA SUB2EQUATA, n. sp ....................................................... . 
End and side views of a valve of this species. Trenton shales, Fountain, Minn. 
A small valve from the same locality. 
Large and relatively high valve from the same position at Cannon Falla, Minn. 

DILOBELLA TYPA, n. gen. et sp ........................................... , ....... . 
Figures of three valves showing slight variations. Upper third of the Trenton 

shales, St. Paul, Minnesota. 

DREPANELLA BILATERALIS, n. sp ............................................... . 
A right (?) valve of the usual size and appearance. 
Ventral and posterior views or a left valve. 
Interior of a right valve. 

Upper third of the Trenton shales, St. Paul, Minnesota. 

DICRANELLA mCORNIS, n. gen. et. sp ............................................. . 
(See also plate XLIV, fig. 2B.) 

Side and posterior views of a nearly complete right valve. Middle third of the 
Trenton shales, Minneapolis, Minn. 

DrCRANELLA SPINOSA, n. sp ...................................................... . 
(See also plate XLIV, fig. 23.) 

Posterior view of a left val ve. 

DICRANELLA (?) SIMPLEX, n. sp ................... " ..................... " ...... . 
Ventral view of the valve figured on plate XLIV, figs. 24 and 25. 

BALLIELLA LABIOSA, n. sp ........................ . 
Anterior, (lorsal, and left side views of an entire c~'r~;~~;:' 'G~i~~'~ 's'h~i;~ .~~~~ 

Cannon Falls, Minnesota. 
Somewhat weathered and relati vely longer left val ve: from the same locality. 
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CIIAPTEHVII. 

THE LOWER SILURIAN ()srrRAC:()]JA 
OF MINNEsorTA. 

BY E. O. ULlUUH. 

This order of Crustacea comprises small, generally minute, animals having the 

entire body enclosed in a shell or carapace consisting of two more or less nearly 

equal calcareous or corneous valves, united along the back by a membrane, and 

capable of being opened at their ventral margins. The valves are closed by a sub

central adductor muscle, the attachment of which is marked on their inner sides by 

a tubercle, a pit or a number of small spots. The body is not segmented but has 

seven pairs of appendages, of which the first two are antennal, while they, like the 

others, are also adapted for creeping and swimming. These appendages, together 

with the caudal extremity of the short abdomen, are protruded a.long the ventral 

margin of the carapace when the valves are opened. 

Behind the first two pairs of appendages (antennules and antennal), is a pair of 

mandibles, followed by a pair of maxillal, while the third and fourth pairs may be 

either legs or jaws. Finally the last two pairs are leg-like and generally stronger 

than the preceding pairs. The extremity of the abdomen may be bifurcated or con

sist of a single spinous plate. 

As a rule the eyes are well developed, with commonly a small median and two 

larger lateral ones present. The position of the latter is often indicated on the 

exterior of the val ves by a small" eye tubercle." A distinct heart may be present 

or absent, but the alimentary and generative organs are well developed. 

The Ostracoda, or i, water-fleas" as they are often called, are represented by very 

numerous forms both in fresh water and in the sea. Of the families only the Cypridce 

are chiefly fresh-water forms, while most of the other families are restricted to 

marine or brackish waters. Taken as a whole tb,ey are to be considered as shallow 

water inhabitants, and of social habits, being found in great numbers swimming near 

the surface of the water or creeping over the bottom. Remains of Ostracoda abound 
[629] 
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THE LOWER SILURIAN ()srrRAC;()TJA 
OF MINNE80 rT A. 

BY E. O. ULlUUH. 

This order of Crustacea comprises small, generally minute, animals having the 

entire body enclosed in a shell or carapace consisting of two more or less nearly 

equal calcareous or corneous valves, united along the back by a membrane, and 

capable of being opened at their ventral margins. The valves are closed by a sub

central adductor muscle, the attachment of which is marked on their inner sides by 

a tubercle, a pit or a number of small spots. The body is not segmented but has 

seven pairs of appendages, of which the first two are antennt=e, while they, like the 

others, are also adapted for creeping and swimming. These appendages, together 

with the caudal extremity of the short abdomen, are protruded q,long the ventral 

margin of the carapace when the valves are opened. 

Behind the first two pairs of appendages (antennules and antennt=e), is a pair of 

mandibles, followed by a pair of maxillt=e, while the third and fourth pairs may be 

either legs or jaws. Finally the last two pairs are leg-like and generally stronger 

than the preceding pairs. The extremity of the abdomen may be bifurcated or con

sist of a single spinous plate. 

As a rule the eyes are well developed, with commonly a small median and two 

larger lateral ones present. The position of the latter is often indicated on the 

exterior of the val ves by a small" eye tubercle." A distinct heart may be present 

or absent, but the alimentary and generative organs are well developed. 

The Ostracoda, or ,. water-fleas" as they are often called, are represented by very 

numerous forms both in fresh water and in the sea. Of the families only the Cypridw 

are chiefly fresh-water forms, while most of the other families are restricted to 

marine or brackish waters. Taken as a whole tb,ey are to be considered as shallow 

water inhabitants, and of social habits, being found in great numbers swimming near 

the surface of the water or creeping over the bottom. Remains of Ostracoda abound 
[629] 
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also in nearly all the geological formations, and in some cases so numerously that 

whole layers are almost composed of their shells. The fossil forms are furthermore 

of great variety, since, with perhaps a single exception, all the families which have 

been established for the recent forms have also been recognized in the fossil state, 

while many types occur in the paleozoic rocks that seemingly are now totally extinct. 

With a single exception (Palreocypris), only the carapace valves are preserved in 

the fossil condition, and as these aTe often very similar in different genera and even 

families, it is evident that their study and classification is a matter of exceptional 

difficulty. To discriminate between these small fossils the paleontologist is obliged 

to rely on small differences in the shape, the relative size of the valves, the 

characters of the edges and of the hinge, the thickness of the valves, and the 

surface ornamentation. Among the paleozoic forms the valves are commonly lobed 

or sulcate and variations in these are usually counted important. A frequent 

difficulty is to distinguish between the anterior and posterior extremities. When 

not alike, the thickest end (it is generally also the highest) is considered as the poste

rior. It must be confessed, however, that this arbitrary determination can be 

accepted only as provisional. Some working rule like this is necessary until com

parison of other details of structure will have Jurnished us with more reliable criteria 

upon which to base conclusions. 

The carapace as stated consists of two calcareous or corneous valves of compact 

structure, commonly less than 4 mm. in length, though in a few cases the length 

exceeds 20 mm. The two valves may be equal (Tetradella, Primitia, etc.) or more or 

less unequal, with either the right or left overlapping the other at the ventral border 

only (Leperditia, Leperditella, etc.), or at the dor8al border as well (Bythocypris and 

KraHsella), while in others the overlap is entire (Cytherella). The hinge or dorsal 

margin may be straight or arcuate, and, especially among the paleozoic types, is 

generally simple, though among more recent forms (Cytheridce) hinge teeth and 

corresponding sockets are not uncommonly developed. The anterior and posterior 

margins may be broadly or narrowly rounded, pointed or drawn out beak-like; and 

when the back is straight the ends may join it angularly. The ventral margin is 

oftenest convex though it is not infrequently straight or gently concave. The sides 

of the val veE< in the majority of Ostracoda may be said to be approximately even in 

contour or convexity but in many cases, especially among paleozoic forms, they are 

indented and thrown into two or more tubercles, lobes or ridges. The surface of 

the valves may be smooth and polished or it may be granulose, pitted, reticulose, 

striated, hirsute or otherwise marked, the effect being in many instances quite orna

menta1. Finally many of the paleozoic Ostracoda of the family Beyrichiidce have a 

wide, frill-like false border, which projects considerably beyond the true contact 
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also in nearly all the geological formations, and in some cases so numerously that 

whole layers are almost composed of their shells. The fossil forms are furthermore 

of great variety, since, with perhaps a single exception, all the families which have 

been established for the recent forms have also been recognized in the fossil state, 

while many types occur in the paleozoic rocks that seemingly are now totally extinct. 

With a single exception (PaZa?ocypris), only the carapace valves are preserved in 

the fossil condition, and as these a,re often very similar in different genera and even 

families, it is evident that their study and classification is a matter of exceptional 

difficulty. To discriminate between these small fossils the paleontologist is obliged 

to rely on small differences in the shape, the relative size of the valves, the 

characters of the edges and of the hinge, the thickness of the valves, and the 

surface ornamentation. Among the paleozoic forms the valves are commonly lobed 

or sulcate and variations in these are usually counted important. A frequent 

difficulty is to distinguish between the anterior and posterior extremities. When 

not alike, the thickest end (it is generally also the highest) is considered as the poste

rior. It must be confessed, however, that this arbitrary determination can be 

accepted only as provisional. Some working rule like this is necessary until com

parison of other details of structure will have,furnished us with more reliable criteria 

upon which to base conclusions. 

The carapace as stated consists of two calcareous or corneous valves of compact 

strncture, commonly less than 4 mm. in length, though in a few cases the length 

exceeds 20 mm. The two valves may be equal (Tetradella, Primitia, etc.) or more or 

less unequal, with either the right or left overlapping the other at the ventral border 

only (Leperditia, Leperditella, etc.), or at the dorsal border as well (Bythocypris and 

Krausella) , while in others the overlap is entire (Cytherella). The hinge or dorsal 

margin may be straight or arcuate, and, especially among the paleozoic types, is 

generally simple, though among more recent forms (Cytherida:) hinge teeth and 

corresponding sockets are not uncommonly developed. The anterior and posterior 

margins may be broadly or narrowly rounded, pointed or drawn out beak-like; and 

when the back is straight the ends may join it angularly. The ventral margin is 

oftenest convex though it is not infrequently straight or gently concave. The sides 

of the valves in the majority of Ostracoda may be said to be approximately even in 

contour or convexity but in many cases, especially among paleozoic forms, they are 

indented and thrown into two or more tubercles, lobes or ridges. The surface of 

the valves may be smooth and polished or it may be granulose, pitted, reticulose, 

Rtriated, hirsute or otherwise marked, the effect being in many instances quite orna
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Ostracoda.] 
OSTRAOODA. (l31 

edges of the valves. The genus Eurychilina affords excellent examples of species 
with a "frill." 

As regards the geological or time distribution of the Ostracoda, it is certain that 

they began in the upper divisions of the Taconic system, if indeed they are not to 

be reckoned among the earliest fossils known. In the Lower Silurian deposits already 

they occur in such great numbers and variety, that it is doubtful if the representa

tions of the order at any subsequent time exceeded them in these respects. The 

predominant types, Leperditiidre and Beyrichiidcc, moreover, while holding their own 

perhaps through the Upper Silurian, were greatly reduced during Devonian and 

Carboniferous times and are now totally extinct. Some recent families and genera 

on the other hand were sparingly represented, but taken as a whole the Silurian 

Ostracoda fauna is decidedly peculiar.'r.· 

In the Upper Silurian formations the Leperditiidcc and Beyrichiidce still predom

inated, but the fauna here received decided accessions in the way of genera regarded 

as belonging to the family Cyprid03. The Devonian Ostracoda, though less numerous, 

are not very different from the Upper Silurian types, most of the old genera being 

more or less sparingly represented. Several genera (e. g. Kyammodes, Jones, and 

Barychilina, Ulrich) are so far to be considered as peculiar to this system of rocks. 

The Ostracoda fauna of the Carboniferous deposits, on the contrary, while retaining 

many small species of essentially Silurian genera like Leperditia, Beyrichia and 

Primitia, which occur associated with the related genera Beyrichiella and Be!frichi

opsis and numerous forms of the previously established types of the Cyprida', 

nevertheless assumed a distinctive aspect through the strong development of hitherto 

unknown types of Cyprinidce. 

In succeeding formations the O.stracoda are everywhere poorly represented in 

the Triassic and Jurassic. But in the Cretaceous and Tertiary strata of Europe cer

tain genera, Cythere especially, develop an astounding variety and wealth of species. 

The forms are all small, and this may in part account for the fact that so few have 

been discovered in American deposits of these ages. 

The recent genera having, or believed to have, paleozoic representatives, occur 

in the various formations as follows: Cypridina, Bradycinetus and Philomedes, in 

the Carboniferous; Polycope, Silurian and Carboniferous; Cytherella and Cythere, 

Silurian, Carboniferous and Permian; Cythereis and Cytherideis, Permian; Bairdia, 

Silurian, Devonian, Carboniferous and Permian; Bythocypris, Silurian, Devonian, 

Carboniferous; Macrocypris, Silurian and Carboniferous; Pontocypris, Silurian; and 

Aglaia, Argillcecia and Candona, in the Carboniferous. 
*That the Silurian species which are now placed into recent genera actually belong there may well be questioned. 

In my opinion they do Dot, yet, as they cannot. with our limited opportunity for comparison, be distinguished, I am obliged 
to agree that the aims of classification ftre for the time being sufficiently satisfied. 
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edges of the valves. The genus Eurychilina affords excellent examples of species 
with a "frill." 

As regards the geological or time distribution of the Ostracoda, it is certain that 

they began in the upper divisions of the Taconic system, if indeed they are not to 

be reckoned among the earliest fossils known. In the Lower Silurian deposits already 

they occur in such great numbers and variety, that it is doubtful if the representa

tions of the order at any subsequent time exceeded them in these respects. The 

predominant types, Leperditiidre and Beyrichiidcl?, moreover, while holding their own 

perhaps through the Upper Silurian, were greatly reduced during Devonian and 

Carboniferous times and are now totally extinct. Some recent families and genera 

on the other hand were sparingly represented, but taken as a whole the Silurian 

Ostracoda fauna is decidedly peculiar:» 

In the Upper Sil urian formations the Leperditiidcl? and Beyrichiidc/? still predom

inated' but the fauna here received decided accessions in the way of genera regarded 

as belonging to the family Cypridce. The DevonicLll Ostracoda, though less numerous, 

are not very different from the Upper Silurian types, most of the old genera being 

more or less sparingly represented. Several genera (e. g. Kyammodes, .Jones, and 

Barychilina, Ulrich) are so far to be considered as peculiar to this system of rocks. 

The Ostracoda fauna of the Carboniferous deposits, on the contrary, while retaining 

many small species of essentially Silurian genera like Leperditia, Beyrichia and 

Primitia, which occur associated with the related genera BeYJ'ichiella and Be!Jrichi

opsis and numerous forms of the previously established types of the Cyprid(l', 

nevertheless assumed a distinctive aspect through the strong development of hitherto 

unknown types of Cyprinidce. 

In succeeding formations the Ostracoda are everywhere poorly represented in 

the Triassic and Jurassic. But in the Cretaceous and Tertiary strata of Europe cer

tain genera, Cythere especially, develop an astounding variety and wealth of species. 

The forms are all small, and this may in part account for the fact that so few have 

been discovered in American deposits of these ages. 

The recent genera having, or believed to have, paleozoic representatives, occur 

in the various formations as follows: Cypridina, Bradycinetus and Philomedes, in 

the Carboniferous; Polycope, Silurian and Carboniferous; Cytherella and Cythere, 

Silurian, Carboniferous and Permian; Cytlzereis and Cytherideis, Permian; Bairdia, 

Silurian, Devonian, Carboniferous and Permian; Bythocypris, Silurian, Devonian, 

Carboniferous; Macrocypris, Silurian and Carboniferous; Pontocypris, Silurian; and 

Aglaia, Argillcecia and Candona, in the Carboniferous. 
*That the Silurian species which are now placed into recent genera actually belong tl::.ere may well be questioned. 

In my opinion they do not, yet, as they cannot. with our limited opportunity for comparison, be distinguished, I am obliged 
to agree that the aims of classification are for the time being sufficiently satisfied. 
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PROVISIONAL CLASSIFICATION OF THE PALEOZOIC OSTRACODA. 

Family LEPERDITIIDlE. 

GENERA: Lepenlitia, Ronault; Lepenlitella, Ulrich; IsochUina, Jones; ApaTChites, Jones; Schmidtella, Ulrich; 
? .J1i}chminct, Jones. 

Family BEYRICHIIDlE. 

GENERA: Beyrichia, McOoy; BeYlichiellct, Jones and Kirkby; Bey?"ichiopsis, Jones and Kirkby; Klmdenia, 
Jones and Holl; UITichia, Jones; Primitia, Jones and Holl; Primitiopsis, Jones; EurychiUna, 
Ulrich; Dicnmella, Ulrich; Hallielln, Ulrich; Jonesella, Ulrich; Bollia, Jones and Holl; Oteno
bolb~no, Ulrich; Tetmclella, Ulrich; Drepanella, Ulrich; Plaeentula, Jones and Holl; Kirkbya, 
Jones; llfoona, Jones and Kirkby; Stl"epula, Jones and Holl; Macl'onotella, Ulrich; Primitiella, 
Ulrich; Dilobella, Ulrich, 

Family BARYCHILINIDlE. 
GENERA: Barychilina, Ulrich; Kyammodes, Jones. 

Family ENTOMIDlE. 
GENERA: Entomis, Jones; Elpe, Barrande; EntomicZella, Jones; ? Bippa, Barrande. 

Family CYPRIDINID lE. 

GENERA: Cypridina, Milne-Edwards; Cypriclinella, Jones; Oypridellinc~, Jones; Sulcuna, Jones; Cypridella, 
DeKoninck; Cyprella, DeK.; Bmdyc'inetu8, Sars; Philomecles, Lilljeborg; Rhombina, J.; 
Cyprosis aud Oypl'osina, Jones. 

Family ENTOMOCONCHIDlE. 
GENERA: Entomoconchu8, McOoy; Ojfa, Jones. 

Family POL YCOPIDlE. 
GENUS: Polycope, Sars. 

Family CYTHERELLIDlE. 
GENUS: Oythe?'ellct, Jones aud Bosquet. 

Family CYTHERIDlE. 

GENERA: Oythe?'e, MlHler; Bythoc:ythere, Sal's; C(t1'uonia, Jones; ? Youngia, Jones and Kirkby; Xestoleberis, 

Sars. 

Family THLIPSURIDlE. 
GENERA: ThlipSllTa, Jones and Holl; Phreatura, Jones and Kirkby; Octonal'ia, Jones. 

GENEltA: 

Family CYPRIDlE. 

Aglaia, Brady; Ocm(l~na, Baird; AJ'gillcecia, Sars; YIaC1'ocypris, Brady; BythocYJ1l'is Brady; Bairdia, 
McOoy; Pontocypns, Sars; Pachyaomell(~. Ulrich. 

Family BEECHERELLIDJE1 
GENERA: Beecherella, Ulrich; KTallSella, Ulrich. 

Family DARWINULID.AD. 
GENUS; Dal'winula, Jones (Brady and Robertson). 

NOT CLASSIFIED. 

OytheTelli~(/, J,ones, and Hall; BU1'sulella and Bernix, Jones; Lepiclitta, Lepidilla, Beyrichona 
and H~PJ1omchc(/'wn, Mathews; Isoxys, Walcott. 
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PROVISIONAL CLASSIFICATION OF THE PALEOZOIC OSTRACODA. 

Family LEPERDITIIDAD. 

GENERA: LepenZitia, Ronault; Leperclitella, Ulrich; Isoch'ilina, Jones; Apal'chites, Jones; Schmii1tella, Ulrich; 
? LEchminct, Jones. 

Family BEYRICHIIDAD. 

GENERA: Bcy)'ichi(~, McCoy; BeYl'ichiella, Jones and Kirkby; BeY1'ichiopsis, Jones and Kirkby; Klooi1enia, 
Jones and Hall; Ulrichia, Jones; Primitia, Jones and Holl; Primitiopsis, Jones; EUl'ychilina, 
Ulrich; Dicmnell(i, Ulrich; Halliella, Ulrich; Jonesella, Ulrich; Bollict, Jones and Hall; Gteno
bolbina, Ulrich; Tetmrlella, Ulrich; Drepanella, Ulrich; Placentula, Jones and Holl; Kirkbya, 
Jones; ]Jfoona, Jones and Kirkby; Strep1lla, Jones and Hall; Macronotella, Ulrich; Primitiellci, 
Ulrich; DUobella, UlriCh. 

Family BARYCHILINIDAD. 
GENERA: Barychilinci, Ulrich; Kycoltmorles, Jones. 

Family ENTOMIDAD. 
GENERA: Entomis, Jones; Elpe. Barrande; Entomiclella, Jones; ? Hippa, Barrande. 

Family CYPRIDINID AJJ. 

GENERA: Gyprii1ina, Milne-Edwards; Gyprii1inella, Jones; Oypridellina, Jones; Sulcuna, Jones; Oypridella, 
DeKoninck; GypreUa, DeK.; Bmr1ycinetus, Sars; Philomecles, Lilljeborgj Rhombina, J.; 
Oyp1'osis aud (Jyp'l'OSinCi, Jones. 

Family ENTOMOCONCHIDlE. 
GENERA: Entomoconchus, McCoy; Ojfa. Jones. 

Family POL YCOPIDlE. 
GENUS: Polycope, Sars. 

Family CYTHERELLIDAJJ. 
GENUS: Gythe'l'ellci, Jones aud Bosquet. 

Family CYTHERIDAJJ. 

GENERA: GylheTe, Minier; Bythocythe1'e, Sars; OCi1'/JOnia, Jones; ? Youngia, Jones and Kirkby; Xestoleberis, 

Sars. 

Family THLIPSURIDJE. 
GENERA: 11!lipSllm, Jones and Hall; Phreatura, Jones and Kirkby; Uctonaria, Jones. 

GENERA: 

Family CYPRIDAJJ. 

Agla'ia, Brady; Ocmcl~na, Baird; Argillcecia, Sars; Mac1'ocypris, Brady; Bythocypri.~ Brady; Bairdia, 
McCoy; Pontocypns, Sars; Pachyclomellct. Ulrich. 

Family BEECHERELLIDJE. 
GENERA: BeecheTellcc, Ulrich; Kraltsella, Ulrich. 

Family DARWINULIDAJJ. 
GENUS: DClnoinula, Jones (Brady and Robertson). 

NOT CLASSIFIED. 
Gytherellina, Jones and Hall; BUTsulella and B . 

d · . . ermx, Jones; Lepii1itta, Lepidilla, Beyrichona 
an H~ppomchanon, Mathews; Isoxys, Walcott. 
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Order OSTRACODA. 

Family LEPERDIITIDA~. 

Genus LEPERDITIA, Ronault. 

Lep6l'ditift, RONAULT, 1851, Bull. Soc. Geul., France, 2d Ser., vol. 8, p. :377; 1<'1t. SCHMIDT, H17a, Mem. 
Acad. Imp. Sci. St. Petersburg, vol. 21, Nu. 2; also 188;], i(lem, vol. aI, 
No.5; JONES, 1881, Ann. Mag. N,at. IIbt., 5th ser" vo\. 8, p. ;]a2; 
JONES and KIRKBY, 1887, Proc. Geol. Assoc., vul. 9, p. 50:!. Also JONEK, 
1856, 1858, 1884, 1890, 1891; KOLMODIN, 1869 and 1879; KRA UK.!!:, 1877 
and 1891; KIESOW, 1884; ZITTEL,1885; MILLER, 188H; ULRICII,18!J0 
(not 1892). Previous to 1851 spccieB were referred to GytheTillu, Gythel'e 
and Gypridina. 

Carapace more or less convex, often large, suhoblong or semiovate in outline, 

with an oblique backward swing; dorsal edge straight, often angular at the extrem

ities; ventral outline rounded, sometimes a little produced at the middle; greatest 

thickness in the ventral half, the lower edge usually being also blunt; valves unequal, 

the right the larger and overlapping the left; overlap chiefly ventral, simple, or the 

further entrance of the ventral edge of the left valve i8 prevented by two or more 

papiUm set within the overlapping edge of the right; hinge simple. Surface fre

quently horny in appearance, smooth in most cases, granulose or minutely punctate 

in others; a small tubercle or "eye-spot" is generally present on the antero-dorsal 

fourth, and a large, rounded subcentrally situated sunken muscle-spot is seen on the 

inner side of the valves and not infrequently distinguishable on the exterior also. 

Type; L. brittannica Ronault. 

An excellent account of this genus is given by Dr. Fr. Schmidt (loc. cit.) in his 

two papers on the" Russichen Silurichen Leperditien." According to that author 

and to Roemer, L. grandis Schrenck (L. gigantea Roemer) attained a length of 43 mm. 

This is the largest species of the genus and probably the largest known ostracode. 

In most of the species the length varies between 8 mm. and 25 mm., while in several 

other unquestionably congeneric forms the maximum length is less than 4 mm. 

Besides, a number of minute forms are referred here by Prof. Jones, myself and 

others, of which it is at least doubtful that they really belong to the genus. Because 

of their small size and chiefly perhaps because of the imperfection of the specimens, 

the ventral overlap of the right valve has not been established for them. N or has 

the" eye-tubercle" and other peculiarities of the typical species been seen on them. 

For some at any rate Aparchites would offer a more natural reception. Finally, 

a number of comparatively small species (1.5 mm. to 3.0 rum.) which I have here-
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Order OS'I'I~ACODA. 

Family LEPERDIITIDA~. 

Genus LEPERDITIA, Ronault. 

Leperditia, RONAULT, 1851, Bull. Soc. Geul., France, 2([ Ser., vol. 8, p. :n7; 1<'1(, SCIlMWT, Hl7:J, Melu. 
Acad. Imp. Sci. St. Petersburg, vol. 21, Nu. 2; alsu 1S8:3, illem, vol. :31, 
No.5; JONEi-;, 1881, Ann. Mag. Nat Jlist., 5Lh sel'., vol. 8, p. :J:32; 
JONES and Knumy, 1887, Froc. Geo!. Assoc., vol. U, p. 50:\. Also .JONEfi, 

1856, 1858, 1884, 1880,1891; KOLJlIODIN, 1869 and 1879; KRA USE, 1877 
and 1891; KIESOW, 1884; ZITTEL, 1885; MILLEI1, lS8!!; ULRICII, 18!JO 
(not 1892). Previous to 1851 spccie~ were referred to CytheTil1l1, (JytiLeJ'C 
and Cypriclina. 

Carapace more or less convex, often large, suhoblong or semiovate in outline, 

with an oblique backward swing; dorsal edge straight, often angular at the extrem

ities; ventral outline rounded, sometimes a little produced at the middle; greatest 

thickness in the ventral half, the lower edge usually being also blunt; valves unequal, 

the right the larger and overlapping the left; overlap chiefly ventral, simple, or the 

further entrance of the ventral edge of the left valve is prevented by two or more 

papillrn set within the overlapping edge of the right; hinge simple. Surface fre

quently horny in appearance, smooth in most cases, granulose or minutely punctate 

in others; a small tubercle or "eye-spot" is generally present on the antero-dorsal 

fourth, and a large, rounded subcentrally situated sunken muscle-spot is seen on the 

inner side of the valves and not infrequently distinguishable on the exterior also. 

Type; L. brittannica Ronault. 

An excellent account of this genus is given by Dr. Fl'. Schmidt (lac. cit.) in his 

two papers on the" Russichen Silurichen Leperditien." Aceording to that author 

and to Roemer, L. grandis Schrenck (L. gigantea Roemer) attained a length of 43 mm. 

This is the largest species of the genus and probably the largest known ostracode. 

In most of the species the length varies between 8 Dlm. and 25 mm., while in several 

other unquestionably congeneric forms the maximum length is less than 4 mm. 

Besides, a number of minute forms are referred here by Prof. Jones, myself and 

others, of which it is at least doubtful that they really belong to the genus. Because 

of their small size and chiefly perhaps because of the imperfection of the specimens, 

the ventral overlap of the right valve has not been established for them. Nor has 

the" eye-tubercle" and other peculiarities of the typical species been seen on them. 

For some at any rate Aparchites would offer a more natural reception. Finally, 

a number of comparatively small species (l.5 mm. to 3.0 mm.) which I have here-
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tofore held as belonging to the genus, are now referred to a new genus on the ground 

that the free edges of their valves are different and the left instead of the right the 

larger. 

Probably seventy-five good species of the genus are known, the greater number 

of which and all the larger forms, are restricted to the Lower and Upper Silurian 

deposits. The earliest forms occur in the Taconic, but it is not till we come to the 

Trenton that the species become numerous.* The Utica slate and Hudson River 

group species are nearly all small and of doubtful affinities. The same is true of the 

Devonian and Carboniferous forms, but in no wise of those which are inclosed in 

Upper Silurian strata, since in this age the genus seems to have attained its greatest 

development both in the way of size and species. 

LEPERDITIA F ABULITES Conrad. 

PLATE XLIII. FIGS. 10-14 

C!)lhel'inrtjctlJtllites CONRAD, 1843, Proc. Acad. Nat. Sci. Pbila., vol. i, p. 332. 
Lepe1'Clitiujauulites JONES, 1856, Ann. Mag. Nat. Rist., 2d ser., vol. xvii, p. 89; also 1881, idem,5thser., 

vol. viii, p. 342; also 1891, Contri. Can. Micro-PaL, pt. 3, p. 98; WHIT
FIELD, 1883, Rep. Geol. Sur. Wis., vol. i, p. 160; ULRICH, 1890, Jour. 
Cin. Soc. Nat. Rist., vol. xiii, p. 173. 

Lepercliti(t wnaaensl:s, var. josephiana JONES, 1858, Ann. Mag. Nat. Rist., ser. 3, vol. i, p. 341; also 1858, 
Geol. Sur. Can., Dec. 3, p. 94. 

Lepenlitia jctlmlites var. ,josephiana JONES, 1881, Ann. Mag. Nat. Rist., ser. 3, vol. viii, P 344. 
Leperc1-itio.,josephiana JONES, H;8!, Ann. Mag. Nat. Rist., ser. 5, vol. xiv, p. 341. 

SIZE.-l. Beloit, Wis., teE. C.) Length, 12.4 mm.; hight, 7.9 mm.; thickness, 5.0 mm. 
2. Minneapolis (L. V.) " 14.0 " 8.4 " ., 3.0 ., 
3. (R. V.) " 11.7 " " 7.5 .. " 3.0 " 
4. (E. C.) " 11.5 " " 7.4 " 5.0 " 
5. Dixon, Ill. (E. C.) 12.2 " " 7.5 " " 5.5 " 
6. Lavergne, Tenn. (L. V.) " 13.2 " " 8.3 " " :U " 
7. Lebanon, Tenn. (E. C.) " 10.0 " " 6.5 " " 4.7 " 
8. " (E. C.) 7.5 " " 4.7 •• " 3.2 " 
9. (E. C.) " 8.2 " 5.2 " " 3.8 " 

10. " (E. C.) " 7.0 " " 4.7 " " 3.3 " 
II. (E. C.) " 8.0 " " 5.0 " 

Carapace of medium size, obliquely sub ovate, comparatively long, widest poste

riorly; ventral curves moderate, strongest just behind the midlength; cardinal line 

straight, comparing with the length of the valve as 2 is to 3, the two extremities 

almost equally angular; hight of ends about as 3 is to 4, both obliqely truncate above, 

the anterior narrowly rounded in the ~iddle; the posterior outline more broadly and 

evenly curved though having the usual backward swing. Ventral edge of carapace 

obtuse, scarcely flattened, with a slight furrow on each side near the edge of the 

* Considering tbat tbe eqnivalent strata of Kentucky, Tennessee and Canada, contains nO less than eleven speoies of 
Lepcrditia. it is a little remarkable tbat only one undoubted species of the genus bas so far been discovered in the Trenton 
sede" of strat", of tbe nortbwestern states. 

l' I? gi ving tbe size of specimens, their condition is indicated by the abbreviations E. 0., R. V., and L. V., signifying, 
respcct.lvely. entIre carapace. rlgbt valve, and left valve. Wbere these initials are not used. it Is to be understood that the 
dimensions are of a.n entire carapace. . 

I 
I .. i 

634 TRE PALEONTOLOGY OF MINNESOTA. 
[Leperditia fabulites. 

tofore held as belonging to the genus, are now referred to a new genus on the ground 

that the free edges of their valves are different and the left instead of the right the 

larger. 

Probably seventy-five good species of the genus are known, the greater number 

of which and all the larger forms, are restricted to the Lower and Upper Silurian 

deposits. The earliest forms occur in the Taconic, but it is not till we come to the 

Trenton that the species become numerous.* The Utica slate and Hudson River 

group species are nearly all small and of doubtful affinities. The same is true of the 

Devonian and Carboniferous forms, but in no wise of those which are inclosed in 

Upper Silurian strata, since in this age the genus seems to have attained its greatest 

development both in the way of size and species. 

LEPERDITIA FABULITES Conrad. 

PLATE XLIII. FIGS. 10-14 

Oylhcl'irwjctbtdites CONI{AD, 1843, Proc. Acad. Nat. Sci. Pbila., vol. i, p. 332. 
LepeTCliti((jalllllites JONES, 1856, Ann. Mag. Nat. Rist., 2d seT., vol. xvii, p. 89; also 188], idem, 5thser., 

vol. viii, p. 342; also 1891, Contri. Can. Micro-Pal., pt. 3, p. 98; WHIT
FIELD, 1883, Rep. Geol. Sur. Wis., vol. i, p. 160; ULRICH, 1890, Jour. 
Cin.Soc. Nat. Rist., vol. xiii, p.I73. 

Leperditia cmwriensis, var. joscphiana JONES, 1858, Ann. Mag. Nat. Rist., ser. 3, vol. i, p. 341; also 1858, 
Geol. Sur. Can., Dec. 3, p. 94. 

LepcnlitiajCilndites var.,josephicma JONES, 1881, Ann. Mag. Nat. Rist., ser. 3, vol. viii, P 344. 
Leperditi(J.josephiana JONES, 188!, Ann. Mag. Nat. Rist., ser. 5, vol. xiv, p. 341. 

SrZE.-l. Beloit, Wis., teE. C.) Length, 12.4 mm.; bigbt, 7.9 mm.; thickness, 5.0 mm. 
2. Minneapolis (L. V.) " 14.0 " 8.4 " .. 3.0 .. 
3. " m. V.) " ]1.7 " " 7.5 .. " 3.0 " 
4. (E. C.) " 11.5 " 7.4 " " 5.0 " 
5. Dixon, Ill. (E. C.) 12.2 " " 7.5 " " 5.5 " 
6. Lavergne, Tenn. (L. V.) (, 13.2 ,( " 8.3 " " a.l " 
7. Lebanon, Tenn. (E. C.) " 10.0 " " 6.5 " " 4.7 " 
8. (, (E. C.) " 7.5 " " 4.7 .. " 3.2 " 
9. " (E. C.) " 8.2 " " 5.2 " " 3.8 " 

10. " (E. C.) " 7.0 " " 4.7 " 3.3 " 
11. (E. C.) " 8.0 " 5.0 " 

Carapace of medium size, obliquely subovate, comparatively long, widest poste

riorly; ventral curves moderate, strongest just behind the midlength; cardinal line 

straight, comparing with the length of the valve as 2 is to 3, the two extremities 

almost equally angular; hight of ends about as 3 is to 4, both obliqely truncate above, 

the anterior narrowly rounded in the ~iddle; the posterior outline more broadly and 

evenly curved though having the usual backward swing. Ventral edge of carapace 

obtuse, scarcely flattened, with a slight furrow on each side near the edge of the 

* Consi,lering that the equivalent strata of Kentucky, Tennessee and Canada, contains no less than eleven species of 
Leperditia, it. is a lit.tle remarkable that only one undoubted species of the genus has so far been discovered in the Trenton 
serie.s of stra.ta. of the northwestern stn,tes. 

t l.n giving the size of specimens, their condition is indicated by the abbreviations E. 0., R. V., and L. V" signifying, 
l'espect.ively. entire CtLrapace, rlght valve, and left valve. Where these initials are not used. it is to be understood that the 
dimensions are of an entire cara.pa.ce. . 
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right valve in which a row of minute punctffi is generally distinguishable; overlap 

extending all around the free edges, strongest ventrally; except in rare instances, 

neither valve has a flange or flattened border, and when present it is in all cases very 

narrow and undefined; dorsal edge somewhat thickened, especially upon the left 

side. Surface of valves smooth or very faintly pitted, rather evenly COll\Tex 

with the greatest thickness somewhat beneath the center; a low ridge-like thicken

ing along the posterior half of the dorsal margin of the left valve is to be noticed. 

Eye tubercle just distinguishable in most cases, rarely so distinct as in the specimen 

figured, often not to be detected. On the inner surface however it is always marked 

by a distinct pit. Muscle spot not distinguishable externally except when the 

specimens are weathered, but on the inner side it is often well marked and surrounded 

by fine reticulating radial lines, short dorsally, longest post-ventrally. On the 

inner side of the ventral edge of the right valve there are two rows of small papillffi, 

three to five in each, the number seeming to increase with age. The purpose of 

these papillffi, one series of which occurs in the anterior third, the other in the pos

terior, evidently was to prevent undue overlapping of the valves by presenting an 

obstacle to the entering ventral edge of the left valve. 

Of this species, I have before me no less than five hundred specimens, represent

ing twelve localities in the states of Minnesota, Wisconsin, Illinois, Kentucky and 

Tennessee. Considering its wide geographical range and abundance, it is remarka

bly constant in all its characters. That it is so in its outer form is clearly enough 

shown by the above measurements, taken from representative examples. They show 

further that the northwestern specimens are on an average about one-third larger 

. than those from Tennessee. In all other respects however they are all practically 

identical. 
In 1890 (lac. cit.) I believed it probable that L. Josephiana Jones, would prove 

distinct from L. fabulites, but it is now quite evident to me, as it also has become to 

Prof. Jones, that there is no ground whatever for any distinction between them. 

Compared with other species, the Upper Silurian L. hisingeri Schmidt, is not far 

removed, and the variety fabulina from Lake Winnipegosis very similar indeed. Still 

as pointed out by Prof. Jones there are a number of minor differences between them, 

and these will no doubt be added to when the later form is fully known. Another 

closely related form is the L. wiluiensis Schmidt, from the Upper Silurian of Russia. 

Its hinge line is shorter and the antero-ventral curve somewhat fuller, but in other 

respecbs, even to the rows of punctffi along the ventral margin, the two species are 

much alike. L. linneyi Ulrich from the Upper Trenton of Kentucky is more obliquely 

produced posteriorly and has a shorter hinge line, a flatter ventral edge, distinct 

flanges, and better developed tubercle and muscle spot. 
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right valve in which a row of minute puncttB is generally distinguishable; overlap 

extending all around the free edges, strongest ventrally; except in rare instances, 

neither valve has a flange or flattened border, and when present it is in all cases very 

narrow and undefined; dorsal edge somewhat thickened, especially upon the left 

side. Surface of valves smooth or very faintly pitted, rather evenly COIlYeX 

with the greatest thickness somewhat beneath the center; a low ridge-like thicken

ing along the posterior half of the dorsal margin of the left valve is to be noticed. 

Eye tubercle just distinguishable in most cases, rarely so distinct as in the specimen 

figured, often not to be detected. On the inner surface however it is always marked 

by a distinct pit. Muscle spot not distinguishable externally except when the 

specimens are weathered, but on the inner side it is often well marked and surrounded 

by fine reticUlating radial lines, short dorsally, longest post-ventrally. On the 

inner side of the ventral edge of the right valve there are two rows of small papilltB, 

three to five in each, the number seeming to increase with age. The purpose of 

these papillce, one series of which occurs in the anterior third, the other in the pos

terior, evidently was to prevent undue overlapping of the valves by presenting an 

obstacle to the entering ventral edge of the left valve. 

Of this species, I have before me no less than five hundred specimens, represent

ing twelve localities in the states of Minnesota, Wisconsin, Illinois, Kentucky and 

Tennessee. Considering its wide geographical range and abundance, it is remarka

bly constant in all its characters. That it is so in its outer form is clearly enough 

shown by the above measurements, taken from representative examples. They show 

further that the northwestern specimens are on an average about one-third larger 

. than those from Tennessee. In all other respects however they are all practically 

identical. 
In 1890 (lac. cit.) I believed it probable that L. Josephiana Jones, would prove 

distinct from L. fabulites, but it is now quite evident to me, as it also has become to 

Prof. Jones, that there is no ground whatever for any distinction between them. 

Compared with other species, the Upper Silurian L. hisingeri Schmidt, is not far 

removed, and the variety fabulina from Lake Winnipegosis very similar indeed. Still 

as pointed out by Prof. Jones there are a number of minor differences between them, 

and these will no doubt be added to when the later form is fully known. Another 

closely related form is the L. wiluiensis Schmidt, from the Upper Silurian of Russia. 

Its hinge line is shorter and the antero-ventral curve somewhat fuller, but in other 

respecbs, even to the rows of punctce along the ventral margin, the two species are 

much alike. L. linneyi Ulrich from the Upper Trenton of Kentucky is more obliquely 

produced posteriorly and has a shorter hinge line, a flatter ventral edge, distinct 

flanges, and better developed tubercle and muscle spot. 
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[Leperditella. 

Fonnation and locality.-Lower Trenton or Birdseye limestone, Minneapolis, St. Paul and Oannon 
Falls, Minnesota; Mineral Point, Janesville and Beloit, Wisconsin; Rockton and Dixon, Illinois; High 
Bridge and Frankfort, Kentueky; Lt.'banon, Lavergne and Murfreesboro, Tennessee; also St, Joseph Island, 
Lal{e Huron, and Murray Bay, Oanada. It is said to occllr in a similar position also in New York, 

Genus LEPERDITELLA, n. gen. 

Lepcl'ditia (part.) ULHICH, 1892, Amer. Geol., vol. x, pp. 263-268. 

Carapace leperditoid, ovate or oblong, with a straight back; surface of valves 

without eye tubercle or distinguishable muscle spot, but a more or less obscure broad 

depression is generally present in the central part of the dorsal half; left valve a 

little larger than the other, the free edges of the latter fitting into a groove. Length 

1 to 3 mm. 

Type: Leperditiainflata Ulrich (not L. inflata Murchison sp.). 

a c. 

CD 
d. 

l. 

/------------~ ( \ 

Fig. 46. a, small left valve of LepeTditella infiata Ulrich; Ii, inner side of a larger valve of same, show
ing the marginal groove: c, vertical section in outline of entire carapace of same; d, dorsal outline of left 
valve of same; e and/, external and internal views of a left valve of LepeTditella mandala Ulrich; 9 and h, 
outlines in anterior and ventral views of same; 'i, right side of an entire carapace of LepeTditella cequila
te7'(1, (JIrich; j, right valve of Lepenlitella sulcnta Ulrich; Ie, left valve of L. salcata var.ventTicornis Ulrich. 
All the figures are magnified 10 diameters, and all the specimens from either the upper or the lower beds 
of the Birdseye limestone at High Bridge, Kentucky. 

This genus is separated from typical Silurian Leperddia because the left instead 

of the right Vetl ve overlaps the other, and instead of a simple overlap the ventral 

edge of the right valve fits into a groove in the left. Furthermore, the eye tubercle 

and muscle spot of Leperditia are not distinguishable externally in Leperditella. In 

certain Carboniferous species of Leperditia (L. carbonaria Hall, L. nicklesi Ulrich and 

others) the overlap of the valves, though reversed, is very similar to that of the 

Lower Silurian species here brought together as Leperditella. Perhaps they also 
ought to be distinguished from Lpperditia. 

Leperditella embraces L. tumida, L. mundula, L. (equilatera, L. inflata, L. german a, 

L. sulcata, and val. ventricornis and L. ? dorsicorni8, all described by me in the Amer

ican Geologist for November, 1892, as species of Leperditia. To these I now add L. 

canalis, L. persimilis and L.macra. With the exception of L. ? dorsic~rnis, which 

is from the Hudson River group. all these species occur in strata equivalent to the 
Birdseye and Black River limestones of New York. 
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Formation and locality.-Lower Trenton or Birdseye limestone, Minneapolis, St. Paul and Oannon 
Falls, Minnesota; Mineral Point, Janesville and Beloit, WisconSin; Rockton and Dixon, Illinois; High 
Brjd~e and Frankfort, Kentueky; Lt.'banon, Lavergne and Murfreesboro, Tennessee; also St, Joseph Island, 
Lalw Huron, and Murray Bay, Oanacla. It is said to occllr in a similar position also in New York. 

Genus LEPERDITELLA, n. gen. 

Lcperclilict (part.) ULmcII, 1892, Amer. Geol., vol. x, pp. 263-268. 

Carapace leperditoid, ovate or oblong, with a straight back; surface of valves 

without eye tubercle or distinguishable muscle spot, but a more or less obscure broad 

depression is generally present in the central part of the dorsal half; left valve a 

little larger than the other, the free edges of the latter fitting into a groove. Length 

1 to 3 mm. 

Type: Leperditiainflata Ulrich (not L. inflata Murchison sp.). 

c. 

CD 
d. 

l. 

/-----------~ ( \ 

Fig. 46. a, small left valve of Lepenlitella injtuta Ulrich; Ii, inner side of a larger valve of same, show
ing the marginal groove: c, vertical section in outline of entire carapace of same; cl, dorsal outline of left 
valve of same; e andj, external and internal views of a left valve of LepeTclitella munrlulct Ulrich; 9 and h, 
outlinE'S in anterior and ventral views of same; 'i, right side of an entire carapace of Leperclitella cequila
tent (JIrich; j, right valve of Leperclitella sulcnta Ulrich; k, left valve of L. sulcata var.ventricornis Ulrich. 
All the figures are magllified 10 diameters, and all tile specimens from either the upper or the lower beds 
of the Birdseye limestone at High Bridge, Kentucky. 

This genus is separated from typical Silurian Leperddia because the left instead 

of the right Vetl ve overlaps the other, and instead of a simple overlap the ventral 

edge of the right valve fits into a groove in the left. Furthermore, the eye tubercle 

and muscle spot of Leperditia are not distinguishable externally in Leperditella. In 

certain Carboniferous species of Leperditia (L. carbonaria Hall, L. nicklesi Ulrich and 

others) the overlap of the valves, though reversed, is very similar to that of the 

Lower Silurian species here brought together as Leperditella. Perhaps they also 

ought to be distinguished from Lpperditia. 

Leperclitella em braces L. turn ida, L. rnundula, L. (equilatera, L. inflata, L. german a, 

L. sulcata, and val. ventricornis and L. ? dorsicorni8, all described by me in the Amer

ican Geologist for November, 1892, as species of Leperditia. To these I now add L. 

canalis, L. persimilis and L. Ji/acra. With the exception of L. ? dorsic~rnis, which 

is from the Hudson River group. all these species occur in strata equivalent to the 

Birdseye and Black River limestones of New York. 



Leperditella canalis.] 
OSTRACODA. ti37 

Prof. T. Rupert Jones recently described two species from Canada (Contri. Can. 

Micro·Pa1.. pt. 3, 1891), that may be congeneric with these species, viz.: Leperditia 

? obscura and Isochilina labellosa, the latter appearing to be much like L. tum ida. 

LEPERDITELLA CANALIS, n. sp. 

PLATE XLIl[. FIGS. 1-3. 

SlzE.-Length, 1.78 lim.; hight, 1.22 mm.; thickness (L. V.) 0.G9 mIll. 

Carapace ovate, widest posteriorly, tumid, the point of greatest thickness but 

little behind and beneath the center; anterior outline semicircular; dorsum straight, 

not angular in front, and quite obtuse behind, posterior margin somewhat obliquely 

rounded, scarcely truncated above; near the ventral edge of the left valve a distinct 

cbannel or groove, deepest centrally, has suggested the name. Surface smooth. 

This species is closely related to L. tumida Ulrich, occupying a similar geological 

position in Kentucky and Tennessee, and of which a right valve is figured for com

parison on plate 45, (figs. 13-15), The outline in that species however is not so 

regularly rounded in front, nor so full antero-ventrally, the greatest convexity is 

more posterior and scarcely so great, and the dorsal angles more distinct. But the 

feature particularly relied on in distinguishing the two species is the groove along the 

ventral border of the left valve in L. canalis, the Kentucky form being witbout tbis 

peculiarity. 

Formation and locality.-Lower limestone of the Trenton formation, Minneapolis, Minnesota. 

LEPERDITELLA PERSIMILIS, n. sp. 

PLATE XLIII. FIGSA-G. 

SIZE.-(E. C.) Length 1.75 mm.; hight 1.23 mm.; thickness 0.8 mm. 

Carapace ovate, moderately convex, with the ends nearly equal; no dorsal angle 

behind but a well marked one in front; ventral overlap distinct; dorsal edge thick, 

shoulder like; greatest thickness central; suface smooth. The length varies between 

1.5 mm. and 2.5 mm. 

At first sight this species looks very much like L. canalis, but carefully compared 

they prove quite distinct. The outline is somewhat different being less wide (higb) 

posteriorly, the dorsal angles are reversed, and the dorsal edges much thicker, while 

the thickness of the carapace is less and the ventral groove, which marks the left 

valve in that species, wanting. Similar differences distinguish it from L. tumida. 

Aparchites ellipticus holds about the same size and is not very different in outline. 

Still as its valves do not overlap ventrally and as it has no dorsal angles and really 

Leperdltella canalis,] 
OSTRACODA, (;37 

Prof. T. Rupert Jones recently described two species from Canada ((jontri. Can. 

Micro-Pal.. pt. 3, 1891), that may be congeneric with these species, viz.: Lpperd£ti({ 

? obscura and Isochilina labellosa, the latter appearing to be much like L. tllmir/rl. 

LEPERDITELLA CANALIS, n. sp. 

PLA'rF: XLlTI. FIGS, 1-:l. 

SlZE,-Length, 1.78 rum.; hight, 1.22 mm.; thickness (L. V.) O,GD mIll. 

Carapace ovate, widest posteriorly, tumid, the point of greatest thickness but 

little behind and beneath the center; anterior outline semicircular; dorsum straight, 

not angular in front, and quite obtuse behind, posterior margin somewhat obliquely 

rounded, scarcely truncated above; near the ventral edge of the left valve a distinct 

channel or groove, deepest centrally, has suggested the name. Surface smooth. 

This species is closely related to L. turnida Ulrich, occupying a similar geological 

position in Kentucky and Tennessee, and of which a right valve is figured for com

parison on plate 45, (figs. 13-15). The outline in that species however is not so 

regularly rounded in front, nor so full antero-ventrally, the greatest convexity is 

more posterior and scarcely so great, and the dorsal angles more distinct. But the 

feature particularly relied on in distinguishing the two species is the groove along the 

ventral border of the left valve in L. canalis, the Kentucky form being without this 

peculiarity. 

Formation and locality,-Lower limestone of the Trenton formation, Minneapolis, Minnesota. 

LEPERDITELLA PERSIMILIS, n. ::::p. 

PLATE XLTIl. FIGSA-G, 

SIZE.-(E. C.) Length 1.75 mm.; hight 1.23 mm.; thickness 0.8 mm. 

Carapace ovate, moderately convex, with the ends nearly equal; no dorsal angle 

behind but a well marked one in front; ventral overlap distinct; dorsal edge thick, 

shoulder like; greatest thickness central; suface smooth. The length varies between 

1.5 mm. and 2.5 mm. 

At first sight this speoies looks very much like L. canalis, but carefully compared 

they prove quite distinct. The outline is somewhat different being less wide (high) 

posteriorly, the dorsal angles are reversed, and the dorsal edges much thicker, while 

the thickness of the carapace is less and the ventral groove, which marks the left 

valve in that species, wanting. Similar differences distinguish it from L. twn£da. 

Aparchites ellipticus holds about the same size and is not very different in outline. 

Still as its valves do not overlap ventrally and as it has no dorsal angles and really 
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[Leperditella macra. 

is a very distinct species, there is probably not much danger of confusion between 

them. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis, Minnesota. 

LEPERDITELLA MACRA, n. sp. 

PLATE XLIII. FIGS. 7-9. 

SlZE.-,E. C.) Length 1.4 mm., hight 1.08 mm.; thickness 0.55 mm. 

Carapace short, scarcely oblique, subovate; dorsal margin straight, four-fifths of 

entire length of carapace, angles distinct; ends subequal, ronnding almost uniformly 

into the basal outline; carapace moderately convex except in the anterior third, which 

is strongly compressed, giving a very unusual ventral and dorsal profile; anterior 

edges thickened, ventral overlap strong; surface smooth. 

This species is remarkable for its compressed anterior part, and for its short 

form, in neither of which features it is equalled by any leperditoid ostracode known 

to me. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis, Minnesota. 

LEPERDITELLA GERMANA Ulrich. 

PLATE XLV. FIGS. 24-26. 

LepercW'if! gennana ULRICH, 1892. American Geologist, vol. x, p. 266. 

SIlIE.-(L. V.) Length 2.17 mm.; hight 1.4 mm.; thickness 0.67 mm. 

Carapace subovate, ends nearly equal, the posterior somewhat the wider; back 

straight for about four-fifths of the entire length, dorsal angles well marked; ventral 

outline somewhat oblique, most prominent just behind the center; edges rather blunt, 

with a narrow groove or rim along the free margins of the left and perhaps of both 

valves. Surface with the greatest convexity in the posterior half, and a broad, 
undefined depression in front of the center of the dorsal slope. 

This form is closely related to L. mundula and L. infiata, two species from the 

lower division of the Birdseye limestone in Kentucky. From the first it differs in 

having the ends more equal, the edges blunter, and the surface more convex in the 

dorsal half. The narrow marginal rim is wanting in that 'species, and instead of a 

simple dorsal depression, that form has a low elevation in the lower part of it. The 

second differs chiefly in the greater inflation of the posterior half of its dorsal region. 

Formation and locality.-This species has so far been met witt only in the Lower Blue limestone of 
the Trenton at .Mineral !'oint, Wisconsin, and Dixon, IllinOiS, but we know of no reason why it should not 
occur al"o at MlllneaDohs ancl other localities in the state. 

638 THE PALEONTOLOGY O}<' MINNESOTA. 
[Leperditella macra. 

is a very distinct species, there is probably not much danger of confusion between 

them. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis, Minnesota. 

LEPERDITELLA MACRA, n. sp. 

PLATE XLIII. FIGS. 7-9. 

SlI-:E.-,E. C.) Length 1.4 mm., hight 1.08 mm.; thickness 0.55 mm. 

Carapace short, scarcely oblique, subovate; dorsal margin straight, four-fifths of 

entire length of carapace, angles distinct; ends subequal, rounding almost uniformly 

into the basal outline; carapace moderately convex except in the anterior third, which 

is strongly compressed, giving a very unusual ventral and dorsal profile; anterior 

edges thickened, ventral overlap strong; surface smooth. 

This species is remarkable for its compressed anterior part, and for its short 

form, in neither of which features it is equalled by any leperditoid ostracode known 

to me. 

Formation and locality.-MiddJe third of the Trenton shales, Minneapolis, Minnesota. 

LEPERDITELLA GERMANA Ulrich. 

PLATE XLV. FIGS. 24-26. 

LepenWir{ gel'?nrlnil ULRICH, 1892. American Geologist, vol. x, p. 266. 

SI2E.-(L. V.) Length 2.17 mm.; hight 1.4 mm.; thickness 0.G7 mm. 

Carapace subovate, ends nearly equal, the posterior somewhat the wider; back 

straight for about four-fifths of the entire length, dorsal angles well marked; ventral 

outline somewhat oblique, most prominent just behind the center; edges rather blunt, 

with a narrow groove or rim along the free margins of the left and perhaps of both 

valves. Surface with the greatest convexity in the posterior half, and a broad, 

undefined depression in front of the center of the dorsal slope. 

This form is closely related to L. mundula and L. in/lata, two species from the 

lower division of the Birdseye limestone in Kentucky. From the first it differs in 

having the ends more equal, the edges blunter, and the surface more convex in the 

dorsal half. The narrow marginal rim is wanting in that species, and instead of a 

simple dorsal depression, that form has a low elevation in the lower part of it. The 

second differs chiefly in the greater inflation of the posterior half of its dorsal region. 

Formation and locality.-This species has so far been met with only in the Lower Blue limestone of 
the Trenton at .Mineral ~oint, Wisconsin, and Dixon. Illinois, but we know of no reason why it should not 
occur al"o at Mlllneapolis and other localities in the state. 
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OSTRAOODA. 639 

LEPERDITELLA ~ DORSICORNIS Ulrich. 

PLATE X LV, FIGS. lH, 20 and 20a. 

LepeTilitia? (Primitia) dOTSicornis ULmcn, 1892. Amel'ican Geologist, vol. x, p.2(;7. 

SrzE.-(L. V.) Length 1.72 mm.; hight 1.1 mm.; thickness 0.54 mm. 

Valves subelliptical, slightly oblique, the ends subequal, the back straight nearly 

to the posterior extremity; the latter is generally convex and almost vertical in the 

upper two-thirds, while in the lower third the outline merges rapidly into the uni

formly convex basal margin; anterior end uniformly curved. Surface much the 

highest in the posterior half, with a part prolonged dor:sally into a short and obtusely 

pointed prominence that bends down close to the hinge line and projects somewhat 

beyond it. This prominence gives definition to the posterior side of a distinct sulcus 

extending almost half across the valve from the central part of the dorsal edge, and 

forward along the latter. 

Though having a sulcus, and therefore agreeing in a general way with Primitia, 

I have chosen to arrange this species with Leperditella because it seems to represent 

merely an extreme development from such typical species of the genus as L. infiata, 

L. germana and L. sulcata. Specifically the present form is readily enough distin

guished by the concentration of the dorsal prominence, and greater definition of the 

sulcus. The form which I called Primitia glabra,* and which occurs in the upper 

beds of the Cincinnati group in Ohio and Indiana, has a similar outline, but it is 

somewhat smaller and without the dorsal prominence. Still, I would not be sur

prised to find that it has overlapping valves as in Leperditella. 

Formation and locality.-The type was found in the Hudson 11,iver shales at Savannah, Illinois. As 
equivalent strata occur near Wykoff and Spring Valley, Minnesota, it is (iuite likely that the species 
occurs also in this state. 

Genus SCHMIDTELLA Ulrich. 

Schmidtella, ULRICH, 1892. American Geologist, vol. x, p. 269. 

Carapace small (2 mm. or less in length), short, rounded or subovate, moderately 

convex, more or less inflated in the dorsa] region, this part being the thickest and 

appearing generally (in an end view), as projecting shoulder-like over and out from 

the straight hinge line; right valve slightly larger than the left and overlapping it 

along the ventral margin. No eye tubercle nor sulcus, but a faint central pit and 

elevation occasionally present. 

Type; S. crassimarginata, Ulrich. 

* Jour. Cln. Soc. Nat. Rist., vol. xiii, p. 134; 1890. 

Leperaitella aOl'sicornis 1 
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LEPERDITELLA ~ DORSICORNIS Ulrich. 

PLATE XLV, FIGS. lH, 20 and 2011. 

Lepenlitia? (Prirnitia) dOTsicOTnis ULmcR, 1892. American Geologist, vol. x, p.2(;7. 

SIZE.-(L. V.) Length ].72 mm.; hight 1.1 mm.; thickness 0.54 mm. 

Valves subelliptical, slightly oblique, the ends subequal, the back straight nearly 

to the posterior extremity; the latter is generally convex and almost vertical in the 

upper two-thirds, while in the lower third the outline merges rapidly into the uni

formly convex basal margin; anterior end uniformly curved. Surface much the 

highest in the posterior half, with a part prolonged dor.sally into a short and obtusely 

pointed prominence that bends down close to the hinge line and projects somewhat 

beyond it. This prominence gives definition to the posterior side of a distinct sulcus 

extending almost half across the valve from the central part of the dorsal edge, and 

forward along the latter. 

Though having a sulcus, and therefore agreeing in a general way with Primitia, 

I have chosen to arrange this species with Leperditella because it seems to represent 

merely an extreme development from such typical species of the genus as L. infiata, 

L. germana and L. sulcata. Specifically the present form is readily enough distin

guished by the concentration of the dorsal prominence, and greater definition of the 

sulcus. The form which I caUed Primitia glabra,* and which occurs in the upper 

beds of the Cincinnati group in Ohio and Indiana, has a similar outline, but it is 

somewhat smaller and without the dorsal prominence. Still, I would not be sur

prised to find that it has overlapping valves as in Leperditella. 

Formation and locality.-The type was found in the Hudson l1,iver shales at Savannah, Illinoi". As 
equivalent strata occur near Wykoff and Spring Valley, Minnesota, it is quite likely that the species 
occurs also in this state. 

Genus SCHMIDTELLA Ulrich. 

Schrnidtella, ULRICH, 1892. American Geologist, vol. x, p. 269. 

Carapace small (2 mm. or less in length), short, rounded or subovate, moderately 

convex, more or less inflated in the dorsa] region, this part being the thickest and 

appearing generally (in an end view), as projecting shoulder-like over and out from 

the straight hinge line; right valve slightly larger than the left and overlapping it 

along the ventral margin. No eye tubercle nor sulcus, but a faint centra] pit and 

elevation occasionally present. 

Type; S. crassimarginata, Ulrich. 

• Jour. Cln. Soc. Nat. Rist., vol. xiii, p. 134; 1890. 
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[Scbmidtella crasslmarglnata. 

The species which I propose to arrange under this genus might have been placed 

with Aparchites, Jones, were it not that they have overlapping valves. Even without 

that difference it may be questioned if such an arrangement would have been strictly 

proper, since no true AparcMtes is strongly developed or gibbous in the dorsal region. 

As a rule Aparchites is thickest beneath the middle of the valves. The same is 

true of Leperditia, a genus that will, I think, be admitted by all to be distinct from 

Schmidtella. Though still somewhat in doubt respectin~ the systematic position of 

the new genus, it seems well to place it provisionally between Leperditia and 

Aparchites. 

Besides the six Trenton species about to be described, Schmidtella will include 

Aparchites? obsoletus and A. oblongus of the Upper Silurian rocks of Europe. I refer 

to the specimens so designated and identified by Dr. Krause* with two British species 

described by Jones and Holl under Primitia in 1865, and more recently (1889) referred 

to Aparchites by Prof. Jones. While I am inclined to question the identity of the 

British and German specimens, I can scarcely doubt that the latter at least are truly 

referable to Schmidtella. 

SCHMIDTELLA CRASSIMARGINATA Ul;,ich. 

PLATE XLIlI, FIGS. 42-44. 

Schmidtella crassi711arginata, ULRICH, 1892, Amer. Geol., vol. x, p. 269. 

SrZE.-(R. V.) Length 1.80 mm.; hight 1.45 mTl1.; thickness 0.60t mm. 

Valves broadly suboval, very slightly oblique, the dorsal Qutline more gently 

arcuate than elsewhere, ends nearly equal though the posterior margin is more 

curved, especially above, than the anterior, the latter often forming an obtuse angle 

where it joins the dorsal line; ventral outline uniformly curved, semielliptical; back 

flattened, slightly con vex in a side view, raising very abruptly from and projecting 

slightly above the nearly straight hinge-line; point of greatest thickness }ust 

behind the center of the upper half; a rather conspicuous yet not ~harply defined 

broad furrow around the ends and ventral margin, least distinct posteriorly, produces 

the thick border that has suggested the specific name. Specimens vary in length 
from 1.6 mm. to 2.0 mm. 

The border is more distinct and wider, and the back more flattened than in any 
of the other species referred to the genus. 

For711atio~l and l~cality. -Lower Trenton limestone, Mineral Point, Wisconsin, and Dixon, Illinois. 
Its occurrence In thlS lImestone at Minneapolis is not yet established with certainty. 
--

*Zcitschr. d. Deui.seh. geolog. Gesellscbuft,1891, p. 492. 
1'The dir.1ensio1l8 O'iven in the oI'io'in'Ll dose ,. -to .. t . . ' . '., d t l' d"~' . . ~. .' III) Ion Me 00 small, the rnaglllfication of the valve measured having been 

suppu~e O)e, 15 J,u.lletul's \\'1H.!ll J1, Was only a.bout 10 diameters. 
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The species which I propose to arrange under this genus might have been placed 

with Aparchites, Jones, were it not that they have overlapping valves. Even without 

that difference it may be questioned if such an arrangement would have been strictly 

proper, since no true Aparch£tes is strongly developed or gibbous in the dorsal region. 

As a rule Aparchites is thickest beneath the middle of the valves. The same is 

true of Leperditia, a genus that will, I think, be admitted by all to be distinct from 

Schmidtella. Though still somewhat in doubt respectin~ the systematic position of 

the new genus, it seems well to place it provisionally between Leperditia and 

Aparchites. 

Besides the six Trenton species about to be described, Schmidtella will include 

Aparchites? obsoletus and A. oblongus of the Upper Silurian rocks of Europe. I refer 

to the specimens so designated and identified by Dr. Krause* with two British species 

described by Jones and Roll under Prim£t£a in 1865, and more recently (1889) referred 

to Aparchites by Prof. Jones. While I am inclined to question the identity of the 

British and German specimens, I can scarcely doubt that the latter at least are truly 

referable to Schmidtella. 

SCHMIDTELLA CRASSIMARGINATA Dln·ch. 

PLATE XLIII, FIGS. 42-44. 

Schmidtella crassimarginata, ULRICH, 1892, Amer. Geo!., vol. x, p. 26H. 

SrZE.-(R. V.) Length 1.80 mm.; hight 1.45 mTl1.; thickness 0.60t mm. 

Valves broadly suboval, very slightly oblique, the dorsal Qutline more gently 

arcuate than elsewhere, ends nearly equal though the posterior margin is more 

curved, especially above, than the anterior, the latter often forming an obtuse angle 

where it joins the dorsal line; ventral outline uniformly curved, semielliptical; back 

flattened, slightly con vex in a side view, raising very abruptly from and projecting 

slightly above the nearly straight hinge-line; point of greatest thickness just 

behind the center of the upper half; a rather conspicuous yet not ~harply defined 

broad furrow around the ends and ventral margin, least distinct posteriorly, produces 

the thick border that has suggested the specific name. Specimens vary in length 
from 1.6 mm. to 2.0 mm. 

The border is more distinct and wider, and the back more flattened than in any 
of the other species referred to the genus. 

Formatio~~ and l~cality. -Lower Trenton limestone, Mineral Point, Wisconsin, and Dixon, Illinois. 
Its occurrence III thlS lImestone at Minneapolis is not yet established with certainty. 

*Zcitschr. d. Deutsch. goolog. Gcsellscbaft,18D1, p. 492. 

1'Thc dill1ensiull:-> O'iV8U in t.he Ol'iaill'Ll d " " j' . ' 

d 
,~ ,~. CSClIlJ ,Ion ,Ire too small, the magnification of the valve measured havinu been 

suppu~e tu l)e 15 dJ~u.lletuI's wlH.!ll J1, Was unly'about 10 diameters. 0 



8chmidtella amnis.] 
OSTRAOODA. 641 

SCHMIDTELLA AFFINIS, n. sp. 

PLATE XLIII. FIGS. 45-47. 

SIZE.-(R. V.) Length 0.97 mm.; hight 0.72 mm.; thickness 0.22 mm. 

The largest valve seen has a length of 1.08 mm. and a hight of 0.9 mm. 

This species is closely related to S. crassimarginata, and at first I was inclined 

to view it as a later variety of that species. But, considering the great constancy 

which prevails among the hundreds of valves of S. crassimarginata which I have 

seen, and the equal constancy exhibited by S. affinis, it has been thought best to hold 

them as distinct. Besides I found it difficult to decide to which of the two, S. crassi

marginata or S. umbonata, the present form bore the greater resemblance. Compared 

with the first of these species, S. affinis is smaller, a trifle higher, the flat dorsum 

narrower, the ends less equal, with the posterior extremity more strongly curved 

and the basal outline more prominent in the middle. In an end view the profile is 

less triangular and the ventral edge thinner. The most prominent point of the 

surface also is more posterior, while the broad border, which is so conspicuous a 

feature for S. crassimarginata, is scarcely developed. For comparison with S. um

bonata and S. incompta, see following descriptions. 

Formation and locality.-Galena shales, near Cannon Falls, Minnesota. 

SCHMIDTELLA UMBONATA, n. sp. 

PLATE XLV. FIGS. 36-38. 

SrzE . ..:...(L. V.) Length 0.8 mm.; hight 0.59 mm.; thickness 0.23 mm. 
(R. V.) "0.8" "0.65" "0.23 " 

Valves ovate, slightly oblique, ends subequal, dorsum umbonate, projecting 

considerably above the straight hinge line; free margin with a border, narrower 

and less distinct on the left valve than on the right; greatest convexity near the 

middle of the yalves, the point occasionally marked by a very faint depression or 

discolored spot. 
This abundant species is relatively longer than S. affinis, has more nearly equal 

ends, narrower and better defined border, and more uniformly convex valves. From 

the much larger S. crassimarginata it differs too obviously to require comparison. 

S. subrotunda may be closely related but js much shorter and almost round. 

Formation and locality.·-Upper third of the Trenton shales, St. Paul and Cannon Falls, Minnesota. 
A variety, or more likely a closely related species, occurs in great numbers on slabs of Birdseye limestone 
collected at High Bridge, Kentucky. 
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Schmidtella afflnls.] 
OSTRACODA. 641 

SCHMIDTELLA AFFINIS, n. sp. 

PLATE XLIII. FIGS. 45-47. 

SIZE.-(R. V.) Length 0.97 mm.; hight 0.72 mm.; thickness 0.22 mm. 

The largest valve seen has a length of 1.08 mm. and a hight of 0.9 mm. 

This species is closely related to S. crassimarginata, and at first I was inclined 

to view it as a later variety of that species. But, comlidering the great constancy 

which prevails among the hundreds of valves of S. crassimarginata which I have 

seen, and the equal constancy exhibited by S. aifinis, it has been thought best to hold 

them as distinct. Besides I found it difficult to decide to which of the two, S. crassi

marginata or S. umbonata, the present form bore the greater resem blance. Compared 

with the first of these species, S. aifinis is smaller, a trifle higher, the flat dorsum 

narrower, the ends less equal, with the posterior extremity more strongly curved 

and the basal outline more prominent in the middle. In an end view the profile is 

less triangular and the ventral edge thinner. The most prominent point of the 

surface also is more posterior, while the broad border, which is so conspicuous a 

feature for S. crassimarginata, is scarcely developed. For comparison with S. um

bonata and S. incompta, see following descriptions. 

Formation and locality.-Galena shales, near Cannon Falls, Minnesota. 

SCHMIDTELLA UMBONATA, n. Sp. 

PLATE XLV. FIGS. 36-38. 

SrzE.-(L. V.) Length 0.8 mm.; hight 0.59 mm.; thickness 0.23 mm. 
(R. V.) "0.8" "0.65" "0.23 " 

Valves ovate, slightly oblique, ends subequal, dorsum umbonate, projecting 

considerably above the straight hinge line; free margin with a border, narrower 

and less distinct on the left valve than on the right; greatest convexity near the 

middle of the valves, the point occasionally marked by a very faint depression or 

discolored spot. 

This abundant species is relatively longer than S. aifinis, has more nearly equal 

ends, narrower and better defined border, and more uniformly convex valves. From 

the much larger S. crassimarginata it differs too obviously to require comparison. 

S. subrotunda may be closely related but js much shorter and almost round. 

Formation and locality.--Upper third of the Trenton shales, St. Paul and Cannon Falls, Minnesota_ 
A variety, or more likely a closely related species, occurs in great numbers on slabs of Birdseye limestone 
collected at High Bridge, Kentucky. 

41-



642 THE PALEONTOLOGY OF MINNESOTA. 
lSchmidteIla Incompta. 

SCHMIDTELLA INC OM PTA, n. sp. 

PLATE XLIII, FIGS. 39-41. PLATE XLV. FIGS. 27, 32 and 33. 

SrZE,-(R. V.) Length 1.1 mm.; hight 0.8 mm.; thickness 0.28 mm. 
" "0.9"" 0.65" " 0.18" var. subcequalis. 

Val ves moderately convex, dorsal margin straight, about half as long as the 

valve; ends nearly or quite equal, ventral outline regularly curved; surface highest 

a little above and behind the center, the dorsal slope convex but not projecting 

beyond the hinge line, the ventral slope long, gentle and straight or faintly concave, 

the wide border being almost obsolete. 

Of this species we have two varieties, one occurring in the lower part of the 

Trenton shales, the other in the upper part of the Galena shales. The earlier or 

typical form (plate XLV, figs. 27, 32 and 33), is a trifle more convex and blunter at 

the dorsal edge, slightly shorter and less equilateral than the other. That the 

Galena variety constantly developed these minute peculiarities is shown by about 

fifty valves. Should a subordinate name be desirable, it might be called var. 

subwqualis. 

The dorsum is less tumid in this species than in any of the preceding. On the 

whole it may be considered as marking an approach toward Aparchites. Still, the 

prominence of the surface in the post-dorsal third, though not strong, indicates a 

relation to S. affinis. A species occurs in the Birdseye at High Bridge, Kentucky, 

that seems to be intermediate between this species and S. umbonata. 

Formation and locality.-Typical form, lower part of the Trenton shales, Fountain, Minnesota; 
var. snbrf;(j1(((lis, upper part of the Galena shales near Cannon Falls, Minnesota. 

SCHMIDTELLA BREVIS, n. sp. 

PLATE XLV. FIGS. 34 and 35. 

SrzE.-(L. V.) Length 0.8 mm.; hight 0.65 mm.; thickness 0.2 mm. 

Valves short, subovate, the oval being formed by drawing out the anterior end; 

dorsum short, gently arcuate, and projecting slightly above the straight hinge line; 
border ineonspicuous. 

In most respeds this species is much like its associate, S. incompta, but the valves 

are much shorter, the dorsal outline is not straight, and the anterior margin is more 

narrowly rounded. Polycope sublenticularis Jones, from the Anticosti group, has a 

similar outline, but seems to be uniformly convex which is not the case with the 
species under consideration. 

F01'11wtion and locality.-Rare in the lower part of the Trenton shales near Fountain, Minnesota. 

642 THE PALEONTOLOGY OF MINNESOTA. 
lSchmldtella incompta. 

SCHMIDTELLA INCOMPTA, n. sp. 

PLATE XLIII. FIGS. 3D-41. PLATE XLV. FIGS. 27. 32 and 33. 

SIZE.-(R. V.) Length 1.1 mm.; hight 0.8 mm.; thickness 0.28 mm. 
" 0.9"" 0.65" " 0.18" var. subrequalis. 

Valves moderately convex, dorsal margin straight, about half as long as the 

valve; ends nearly or quite equal, ventral outline regularly curved; surface highest 

a little above and behind the center, the dorsal slope convex but not projecting 

beyond the hinge line, the ventral slope long, gentle and straight or faintly concave, 

the wide border being almost obsolete. 

Of this species we have two varieties, one occurring in the lower part of the 

Trenton shales, the other in the upper part of the Galena shales. The earlier or 

typical form (plate XLV, figs. 27, 32 and 33), is a trifle more convex and blunter at 

the dorsal edge, slightly shorter and less equilateral than the other. That the 

Galena variety constantly developed these minute peculiarities is shown by about 

fifty valves. Should a subordinate name be desirable, it might be called var. 

subcequalis. 

The dorsum is less tumid in this species than in any of the preceding. On the 

whole it may be considered as marking an approach toward Aparchites. Still, the 

prominence of the surface in the post-dorsal third, though not strong, indicates a 

relation to S. affinis. A species occurs in the Birdseye at High Bridge, Kentucky, 

that seems to be intermediate between this species and S. umbonata. 

Formation and locality.-Typical form, lower part of the Trenton shales, Fountain, Minnesota; 
var. snbm'ltwlis, upper part of the Galena shales near Cannon Falls, Minnesota. 

SCHMIDTELLA BREVIS, n. sp. 

PLATE XLV. FIGS. 34 and 35. 

SIZE.-(L. V.) Length 0.8 mm.; hight 0.65 mm.; thickness 0.2 mm. 

Valves short, subovate, the oval being formed by drawing out the anterior end; 

dorsum short, gently arcuate, and projecting slightly above the straight hinge line; 
borderinconspicuou~ 

In most respects this species is much like its associate, S. incompta, but the valves 

are much shorter, the dorsal outliue is not straight, and the anterior margin is more 

narrowly rounded. Po1ycope sublenticularis Jones, from the Anticosti group, has a 

similar outline, but seems to be uniformly convex which is not the case with the 
species under consideration. 

F01'mation and locality.-Rare in the lower part of the Trenton shales near Fountain, Minnesota. 



OSTRAOODA. 643 
80hmidtella subrotunda,l 

SCHMIDTELLA SUBROTUNDA, n. sp. 

PLATE XLV. FIGS. 39-42. 

SIZE.-Length 0,5 mm.; hight 0.43 mm.; thickness 0.3 mm. 

Valves small, short, rounded-ovate, rather uniformly convex, with an obscurely 

defined, narrow border around the ends and ventral margin; near the center a faint 

depression, and immediately behind it a small elevation. 

The generic position of this small species is uncertain. It is placed under 

Schmidtella chiefly because it seems to be related to S. umbonata, though much 

shorter. Its outline is almost exactly as in the Cytherella? subrotunda of this report, 

which was also found associated with it. Possibly they belong to one species. Still, 

as the type of the Cytherella has neither a central pit nor a border, I am for the 

present obliged to regard them as distinct. 

Formation and locality.-Lower third of the Trenton shales, Minneapolis, Minnesota. 

Genus APARCHITES, Jones. 

Apm'chites, JONES, 1889. Ann. and Mag. Nat. Rist., sp.r. 6, vol. iii, p. 385. 

Carapace subovate, oblong, or somewhat rounded, with a straight hinge of 

variable length; valves subequal; edges thickened, never overlapping, often beveled 

or chaneled, in other cases simple, and rarely with a narrow flattened border. Surface 

more or less convex, usually smooth, without sulcus, tubercles or lobes. 

Type: A. whiteavesii Jones. 

The above definition embraces a number of species that had formerly been 

placed under Primitia, Isochilina and Leperditia. From the first they are distin

guished by the absence of a sulcus, from the second by the absence of the 

eye-tubercle and certain shallow depressions behind it, and from the third by the 

absence of the eye-tubercle and the equality of their valves, there being no ventral 

overlap. From Leperditella they are separated by their equal valves, the left 

overlapping the right in that new genus. Finally, the new genus Primitiella includes 

some very similar carapaces, but these may be distinguished, in most cases very 

easily, by a broad though quite undefined depression or sulcus in the centro-dorsal 

region. 

The species of Aparchites are all small, the average length being between 1.0 

mm. and 1.5 mm., while the largest known does not exceed 3.0 mm. The total 

number of those known, including several undescribed species from Ohio, probably 

exceeds twenty. These are distributed almost equally between the Lower and 

Upper Silurian rocks, though in America they are known chiefly from the Trenton 

and Cincinnati formations. 

OSTRAOODA. 643 
Sohmidtella 8ubrotunda,1 

SCHMIDTELLA SUBROTUNDA, n. Sp. 

PLATE XLV. FIGS. 39-42. 

SIZE.-Length 0.5 mm.; hight 0.43 mm.; thickness 0.3 mm. 

Valves small, short, rounded-ovate, rather uniformly convex, with an obscurely 

defined, narrow border around the ends and ventral margin; near the center a faint 

depression, and immediately behind it a small elevation. 

The generic position of this small species is uncertain. It is placed under 

Schmidtella chiefly because it seems to be related to S. umbonata, though much 

shorter. Its outline is almost exactly as in the Cytherella? subrotunda of this report, 

which was also found associated with it. Possibly they belong to one species. Still, 

as the type of the Cytherella has neither a central pit nor a border, I am for the 

present obliged to regard them as distinct. 

Formation and locality.-Lower third of the Trenton shales, Minneapolis, Minnesota. 

Genus APARCHITES, Jones. 

Aparchites, JONES, 1889. Ann. and Mag. Nat. Rist., sP,r. 6, vol. iii, p. 385. 

Carapace subovate, oblong, or somewhat rounded, with a straight hinge of 

variable length; valves subequal; edges thickened, never overlapping, often beveled 

or chaneled, in other cases simple, and rarely with a narrow flattened border. Surface 

more or less convex, usually smooth, without sulcus, tubercles or lobes. 

Type: A. whiteavesii Jones. 

The above definition embraces a number of species that had formerly been 

placed under Primitia, Isochilina and Lepe1·difia. From the first they are distin

guished by the absence of a sulcus, from the second by the absence of the 

eye-tubercle and certain shallow depressions behind it, and from the third by the 

absence of the eye-tubercle and the equality of their valves, there being no ventral 

overlap. From Leperditella they are separated by their equal valves, the left 

overlapping the right in that new genus. Finally, the new genus Primitiella includes 

some very similar carapaces, but these may be distinguished, in most cases very 

easily, by a broad though quite undefined depression or sulcus in the centro-dorsal 

region. 

The species of Aparchites are all small, the average length being between 1.0 

mm. and 1.5 mm., while the largest known does not exceed 3.0 mm. The total 

number of those known, including several undescribed species from Ohio, probably 

exceeds twenty. These are distributed almost equally between the Lower and 

Upper Silurian rocks, though in America they are known chiefly from the Trenton 

and Cincinnati formations. 
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644 THE PALEONTOLOGY OF MINNESOTA. 
[Aparcbites ell1pticllS. 

Ap ARCHITES ELLIPTICUS, n. sp. 

PLATE XLIII, FIGS. 15-17. 

SIZE.-(E. C.) Length 1.97 mm.; hight 1.35 mm.; thickness 0.95 mm. In the largest specimen the 
length is 2.5 mm. 

Carapace rather large for the genus, almost regularly elliptical in outline, the 

dorsal margin of the left valve more arcuate and projecting above that of the right; 

edges beveled all around but in the lower part the bevel is turned into a groove by 

the thickening of the contact edges; surface of valves smooth and rather uniformly 

convex. 
This form, though the hinge is shorter than usual, must still be considered as a 

typical species of the genus. The general expression of the carapace is much as in 

the associated Leperdifella persimilis, but it is somewhat longer, has no dorsa] angle, 

and its valves do not overlap. I know of no American species of Aparchites with 

. which it need be compared, the elliptical outline being distinctive, but there are 

several in the Upper Silurian deposits of Europe that are not far removed. Particu

larly is this true of the A. simplex, from Gothland, described by Prof. Jones in the 

Ann. and Mag. Nat. Hist., ser. 6, vol. iv, p. 272. That species, however, is smaller 

(0.9 mm. in length), relatively shorter, and apparently without bevelled edges. Some 

of the varieties referred to A. (Primitia) maccoyii Jones and Holl, are very near, if not 

identical. But I am not willing to admit the latter without a direct comparison of 
specimens. 

Formation and locality.-Midclle third of the Trenton "hales, Minneapolis, Minnesota. An imper
fect left valve from the Galena shales near Cannon Falls, may belong to this species, but it appears to 
have been relatively longer and somewhat narrower anteriorly. 

APARCHITES GRANILABIATUS Ulrich. 

PLATE XLV, FIGS. 21-23. 

Leperditia gmnilabiata ULRICH, 1892. American Geologist, vol. x, p. 267. 

SIZE.-(L. V.) Length 2.1 Hun.; hight 1.5 mm.; thickness 0.6 mm. 

Valves high, very little obJique, ventricose in the lower half) somewhat flattened 

in the upper; outline almost semicircular in the lower two-thirds, the ventral curve 

being unusually convex; dorsal margin straight, about three-fourths as long as the 

valve, with angular extremities; border scarcely defined, set with small but promi

nent papil1ffi; free edges bevelled strongly inward. Surface covered with minute, 

regularly arranged granules; near the center a small raised spot.* 

Recent comparil:>ons have demonstrated the necessity of excluding species of this 

typ~ from Leperdttia. They have shown further that the typical species of Aparchites 

• In the or-iginal description the surface is incorrectly described as punctate. 

in 
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[Aparohites elllptions. 

APARCHITES ELLIPTICUS, n. sp. 

PLATE XLIII, FIGS. 15-17. 

SIZE.-(E. C.) Length 1.97 mm.; hight 1.35 mm.; thickness 0.95 mm. In the largest specimen the 
length is 2.5 mm. 

Carapace rather large for the genus, almost regularly elliptical in outline, the 

dorsal margin of the left valve more arcuate and projecting above that of the right; 

edges beveled all around but in the lower part the bevel is turned into a groove by 

the thickening of the contact edges; surface of valves smooth and rather uniformly 

convex. 

This form, though the hinge is shorter than usual, must still be considered as a 

typical species of the genus. The general expression of the carapace is much as in 

the associated Leperditella persimilis, but it is somewhat longer, has no dorsal angle, 

and its valves do not overlap. I know of no American species of Aparchites with 

. which it need be compared, the elliptical outline being distinctive, but there are 

several in the Upper Silurian deposits of Europe that are not far removed. Particu

larly is this true of the A. simplex, from Gothland, described by Prof. Jones in the 

Ann. and Mag. Nat. Hist., ser. 6, vol. iv, p. 272. That species, however, is smaller 

(0.9 mm. in length), relatively shorter, and apparently without bevelled edges. Some 

of the varieties referred to A. (Primitia) maccoyii Jones and Holl, are very near, if not 

identical. But I am not willing to admit the latter without a direct comparison of 

specimens. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis, Minnesota. An imper
fect left valve from the Galena shales near Cannon Falls, may belong to this species, but it appears to 
have been relatively longer and somewhat narrower anteriorly. 

APARCHITES GRANILABIATUS Ulrich. 

PLATE XLV, FIGS. 21-23. 

Leperditia granilabiata ULRICH, 1892. American Geologist, vol. x, p. 267. 

SIZE.-(L. V.) Length 2.1 HUll.; hight 1.5 mm.; thickness 0,6 mm. 

Valves high, very little obJique, ventricose in the lower half) somewhat flattened 

in the upper; outline almost semicircular in the lower two-thirds, the ventral curve 

being unusually convex; dorsal margin straight, about three-fourths as long as the 

valve, with angular extremities; border scarcely defined, set with small but promi

nent papil1ffi; free edges bevelled strongly inward. Surface covered with minute, 

regularly arranged granules; near the center a small raised spot.* 

Recent comparil:>ons have demonstrated the necessity of excluding species of this 

typ~ from Leperdtiict. They have shown further that the typical species of Aparchites 

* In t.he or-iginal descript.ion the surface is incorrectly described as punctate. 



Aparch!tes millepunctatus.] 
OSTRACODA. 645 

is really much nearer to the forms now referred to the genus than I was inclined to 
believe two years ago. 

I have eight valves of a closely related species or variety from the lower third 

of the Trenton shales, at Minneapolis, and another, slightly longer than the rest, 

from the upper third near Cannon Falls. These specimens are less high than the 

type of A. granilabiatus, the ventral margin being less convex. The anterior end also 

is a trifle narrower, and the convexity of the valves somewhat less, while none of 

them show anything of the granulose surface ornament nor of the marginal papillm. 

These specimens may provisionally be known as val'. NEGLECTUS. 

The straight back and dorsal angles will at once distinguish both the species 
and variety from A. ellipticus. 

Formation and locality.-Upper third of the Trenton shales, St. Paul, Minnesota. Var. neglectus 
occurs in the lower third of the shales at Minneapolis. 

APARCHITES MILLEPUNCTATUS Ulrich. 

PLATE XLV. FIGS. 16-18. 

Leperditia millepunctata ULRICH, 1892. Amer. GeoL, vol. x, p. 268. 

SlZE.-(R. V.l Length 1.57 mm.; hight 1.0 mm.; thickness 0.42 mm. 

Valves subelliptical, dorsal margin long, straight; ends rounded from the dorsal 

angles, equal; ventral edges bevelled inward; point of greatest convexity a little 

behind and beneath the middle; surface very finely punctate. 

This species is smaller than A. granilabiatus, but relatively longer, and more 

uniformly convex. In its outline it is eimilar to Leperditella cequilatera Ulrich, from 

the Birdseye limestone of Kentucky (see fig. 46, p. 636), but it is a little higher, has 

beveled and not overlapping edges, and a punctate surface which is wanting in that 

species. 

Formation and locaZity.-Lower or middle third of the Trenton shales, near Fountain, Minnesota. 

APARCHITES FIMBRIATUS Ulrich. 

PLATE XLV, FIGS. 10-12. 

Leperditia fimbriata ULRICH, 1892. A merican Geologist, vol. x, p. 268. 

SrZE.-(R.V.) Length 1.88 mm.; hight Ul3 mm.; thickness 0.44 mm. 

Valves sub oval, moderately and almost uniformly convex; back straight, nearly 

two-thirds as long as the valve; dorsal angles sharp, a slight swelling of the surface 

immediately beneath them causing them to appear somewhat prominent; ends 

nearly equally rounded, the posterior a little the wider. The entire ventral border 

and the ends, excepting the upper third on each side, with a fringe consisting of 

long, almost paUform, processes, separated by intervals of 0.1 mm. or less. 

Aparchltes millepunotatus.] 
OSTRACODA. 645 

is really much nearer to the forms now referred to the genus than r was inclined to 
believe two years ago. 

r have eight valves of a closely related species or variety from the lower third 

of the Trenton shales, at Minneapolis, and another, slightly longer than the rest, 

from the upper third near Cannon Falls. These specimens are less high than the 

type of A. granilabiatus, the ventral margin being less convex. The anterior end also 

is a trifle narrower, and the convexity of the valves somewhat less, while none of 

them show anything of the granulose surface ornament nor of the marginal papilla;. 

These specimens may provisionally be known as val'. NEGLECTUS. 

The straight back and dorsal angles will at once distinguish both the species 
and variety from A. ellipticus. 

Formation and locality.-Upper third of the Trenton shales, St. Paul, Minnesota. Var. negZeetus 
occurs in the lower third of the shales at Minneapolis. 

APAROHITES MILLEPUNOTATUS Ulrich. 

PLATE XLV. FIGS. 16-18. 

Leperditia millepunctata ULRICH, 1892. Amer. Geol., vol. x, p. 268. 

SlZE.-(R. V.l Length 1.57 mm.; hight 1.0 mm.; thickness 0.42 mm. 

Valves subelliptical, dorsal margin long, straight; ends rounded from the dorsal 

angles, equal; ventral edges bevelled inward; point of greatest convexity a little 

behind and beneath the middle; surface very finely punctate. 

This species is smaller than A. granilabiatus, but relatively longer, and more 

uniformly convex. In its outline it is pimilar to Leperditella wquilatera Ulrich, from 

the Birdseye limestone of Kentucky (see fig. 46, p. 636), but it is a little higher, has 

beveled and not overlapping edges, and a punctate surface which is wanting in that 

species. 

Formation and locality.-Lower or middle third of the Trenton shales, near Fountain, Minnesota. 

Ap AROHITES FIMBRIA TUS Ulrich. 

PLA.TE XLV, FIGS. 10-12. 

Leperditia fimbriata ULRICH, ]892. American Geologi8t, vol. x, p. 268. 

SIZE.-(R.V.) Length 1.88 mm.; hight Ul3 mm.; thickness 0.44 mm. 

Valves sub oval, moderately and almost uniformly convex; back straight, nearly 

two-thirds as long as the valve; dorsal angles sharp, a slight swelling of the surface 

immediately beneath them causing them to appear somewhat prominent; ends 

nearly equally rounded, the posterior a little the wider. The entire ventral border 

and the ends, excepting the upper third on each side, with a fringe consisting of 

long, almost paliform, processes, separated by intervals of 0.1 mm. or less. 



646 THE PALEONTOLOGY OF MINNESOTA. 
lAparchites arrectus. 

The peculiar fringe distinguishes this species from all the Lower Silurian Ostra

coda know to me. 

Formation and locality.-Huc1son Ri ver group, near Spring Valley, Minnesota. 

Ap ARCHITES ARRECTUS, n. Sp. 

PLATE XLIII. FIGS. 35 and 36. 

SlZE.-(R. V.) Length 0.81 mm,; hightO.53 mm.; thickness 0.11 mm. 

Valves compressed-convex, scarcely if at all oblique; semiovate, the ends almost 

vertical in the upper half, the dorsal edge straight and very long; greatest convexity 

in the lower part of the valves, a large portion of the central part of the surface 

appearing flattened; free margins minutely toothed; bevel very narrow. 

The dentate margin reminds of A. granilabiatus, but as the present form is much 

smaller and not nearly so convex, and as it has a longer hinge line and is much more 

elongated, it is quite evident that we are dealing with a distinct species. Its smaller 

size, erect ends and dentate margins distinguish it from A. millepunctatus. 

For·rnation and locality.-Upper third of the Trenton shales, St. Paul, Minnesota. 

APARCHITES CHATFIELDENSIS, n. Sp. 

PLATE XLIII. FIGS. 37 and 38. 

SIZE.-(L. V.) V~ngth 0.76 mm.; hight 0.46 mm.; thickness 0.12 mm. 

Valves compressed-convex, somewhat elongate leperditoid m outline, being 

widest posteriorly; hinge line long, straight, dorsal angles rounded; posterior outline 

peculiar in swinging forward more than backward; ventral edge narrowly beveled 

inward; surface not well preserved but retaining some evidence of having been 
obscurely pitted. 

The posterior outline is different and the thickness of the carapace less than in 

any other of the elongate species of the genus so far described. 

Formation and locality.-Midc1le third of the Trenton shales, Chatfield, Minnesota. 

APARCHITES MINUTISSIMUS Hall, var. TRENTONENSIS, n. var. 

PLATE XLIII. FIGS. 18-20. 

Leperditia (Isochilinaj minutissirnaHALL, 1871, Desc. N. Sp. Foss. Rud. Riv. Gr., p. 7; also 1872, 24th 
Rep. N. Y. St. Mus. Nat. Rist., p. 231, pI. 8, fig. 13; HALL and WHIT
FIELD, 1875, Pal. Ohio, vol. ii, p. 102. 

Aparchites minutissim1tS ULRICH, 1889, Contri. Can. Micro-Pal., pt. 2, p. 49. 

SrZE.-(R. V.) Length 0.85 mm.; hight 0.54 mm.; thickness 0.16 mm. 
(R. V.) " 0049" "0.33" 

Two right valves of the Trenton variety of this species are figured on plate 43. 

The anterior part is narrower and the dorsal angles duller than in th~ typical Cin~ 
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The peculiar fringe distinguishes this species from all the Lower Silurian Ostra

coda know to me. 

Formation and locality.-Huc1son River group, near Spring Valley, Minnesota. 

APARCHITES ARREOTUS, n. Sp. 

PLATE XLIII. FIGS. 35 and 36. 

SlZE.-(R. V.) Length 0.81 mm,; hightO.53 mm.; thickness 0.11 mm. 

Valves compressed-convex, scarcely if at all oblique; semiovate, the ends almost 

vertical in the upper half, the dorsal edge straight and very long; greatest convexity 

in the lower part of the valves, a large portion of the central part of the surface 

appearing flattened; free margins minutely toothed; bevel very narrow. 

The dentate margin reminds of A. granilabiatus, but as the present form is much 

smaller and not nearly so convex, and as it has a longer hinge line and is much more 

elongated, it is quite evident that we are dealing with a distinct species. Its smaller 

size, erect ends and dentate margins distinguish it from A. millepunctatus. 

For·mation and locality.-Upper third of the Trenton shales, St. Paul, Minnesota. 

APAROHITES OHATFIELDENSIS, n. Sp. 

PLATE XLIII. FIGS. 37 and 38. 

SIZE.-(L. V.) Length 0.76 mm.; hight 0.46 mm.; thickness 0.12 mm. 

Valves compressed-convex, somewhat elongate leperditoid III outline, being 

widest posteriorly; hinge line long, straight, dorsal angles rounded; posterior outline 

peculiar in swinging forward more than backward; ventral edge narrowly beveled 

inward; surface not well preserved but retaining some evidence of having been 
obscurely pitted. 

The posterior outline is different and the thickness of the carapace less than in 

any other of the elongate species of the genus so far described. 

Formation and locality.-Midc1le third of the Trenton shales, Chatfield, Minnesota. 

APAROHITES MINUTISSIMUS Hall, var. TRENTONENSIS, n. var. 

PLATE XLIII. FIGS. 18-20. 

Leperditia (Isochilinaj minutissimaHALL, 1871, Desc. N. Sp. Foss. HUd. Riv. Gr., p. 7; also 1872, 24th 
Rep. N. Y. St. Mus. Nat. Hist., p. 231, pI. 8, fig. 13; HALL and WHIT
FIELD, 1875, Pal. Ohio, vol. ii, p. 102. 

Aparchites rninutissirnus ULRICH, 1889, Contri. Can. Micro-Pal., pt. 2, p. 49. 

SrZE.-(R. V.) Length 0.85 mm.; hight 0.54 mm.; thickness 0.16 mm. 
(R. V.) " 0.49" "0.33" 

Two right valves of the Trenton variety of this species are figured on plate 43. 

The anterior part is narrower and the dorsal angles duller than in th~ typical Cin~ 
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cinna,ti specimens. The surface also is scarcely so convex, or rather it is not thrown 

up into a point ne~r the center, but is comparatively uniform in curvature. 

Aparchites tyrrellii Jones (Contri. Can. Micro-Pal., pt. iii, p. 62; 1891) from the 

Chazy at Lake Winnipeg, is a closely related, if not identical form. However, as 

figured by Prof. Jones, it appears to be less convex and the outline not so prominent 

in the post-ventral region. 

Formation and locality.-The small specimen is from the middle third of the Trenton shalf's near 
Fountain, the larger from the top of the Galena shales near Oannon Falls, Minnesota. 

Family BEYRICHIIDlE. 

Genus PRIMITlELLA, n. gen. 

Carapace usually oblong, equivalved, moderately convex; surface smooth or 

finely punctate; in the dorsal slope a broad, shallow and quite undefined depression 

represents an undeveloped mesial sulcus. 

Type: P. constricta, n. sp. 

Besides the four new species about to be described, I propose to place in this 

genus Leperditia unicornis Ulrich (Aparchites, Ulrich, Primitia, Jones) and Primitia 

whitfieldi Jones, from the lower part of the Cincinnati group, Primitia ulrichi Jones, 

Utica slate, Canada, and probably the European species, Primitia matutina and bey

richiana Jones and Holl, Prim.itia minuta Eichwald (as figured by Jones) and 

P. elongata, var. nuda, Jones. I am inclined to think that Isochilina? fabacea Jones, 

from the Hamilton of New York, and Aparchites inornatus Ulrich also should be 

placed here. These species constitute a very natural group, distinguished from 

Aparchites by the dorsal depression. They are separated from Primitia because they 

give no adequate idea of that most prolific genus. To be a Primitia in my eyes the 

valves must be provided with a well marked su bcentral pit or sulcus. 

The Carboniferous genus Youngia, Jones and Kirkby, is closely simulated in all 

respects except the crenulated hinge by Pl'imitiella limbata. Possibly that genus is 

not so far removed from Primitiella as we now believe to be the case. 

PRIMITIELLA CONSTRICTA, n. sp. 

PLATE XLIII, FIGS. 48-52. 

SIZE,-(E. 0,) Kentucky specimen: Length 0.67 mm.; hight 0.36 mm.; thickness 0.24 mm. 
Minnesota " ., 0.60" "0.35" "0.21 " 

" ; ~ " 0,68" "0.33" "0.22 " 

Carapace elongate, sub elliptical or subquadrate, the length nearly twice the 

hight, convex; dorsal margin long, straight, with both extremities angular, or with 

the anterior one obtuse or rounded; ventral margin nearly parallel with the dorsal, 
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cinn~ti specimens. The surface also is scarcely so convex, or rather it is not thrown 

up into a point ne~r the center, but is comparatively uniform in curvature. 

Aparchites tyrrellii Jones (Contri. Can. Micro-Pal., pt. iii, p. 62; 1891) from the 

Chazy at Lake Winnipeg, is a closely related, if not identical form. However, as 

figured by Prof. Jones, it appears to be less convex and the outline not so prominent 
in the post-ventral region. 

Formation and locality.-The small specimen is from the middle third of the Trenton shalE's near 
Fountain, the larger from the top of the Galena shales near Oannon Falls, Minnesota. 

Family BEYRICHIIDlE. 

Genus PRIMITIELLA, n. gen. 

Carapace usually oblong, equivalved, moderately convex; surface smooth or 

finely punctate; in the dorsal slope a broad, shallow and quite undefined depression 

represent8 an undeveloped mesial sulcus. 

Type: P. constricta, n. sp. 

Besides the four new species about to be described, I propose to place in this 

genus Leperditia unicornis Ulrich (Aparchites, Ulrich, Prirnitia, Jones) and Primitia 

whitfieldi Jones, from the lower part of the Cincinnati group, Prirniti({' ulrichi Jones, 

Utica slate, Canada, and probably the European species, Prirnitia matutina and bey

richiana Jones and Holl, Primitia minuta Eichwald (as figured by Jones) and 

P. elongata, var. nuda, Jones. I am inclined to think that Isochilina? fabacea Jones, 

from the Hamilton of New York, and Aparchites inornatus Ulrich also should be 

placed here. These species consti'tute a very natural group, distinguished from 

Aparchites by the dorsal depression. They are separated from Prirnitia because they 

give no adequate idea of that most prolific genus. To be a Primitia in my eyes the 

valves must be provided with a well marked su bcentral pit or sulcus. 

The Carboniferous genus Youngia, Jones and Kirkby, is closely simulated in all 

respects except the crenulated hinge by Pl'imitiella limbata. Possibly that genus is 

not so far removed from Primitiella as we now believe to be the case. 

PRIMITIELLA CONSTRICTA, n. sp. 

PLATE XLIII, FIGS. 48-52. 

SIZE.-(E.O.) Kentucky specimen: Length 0.67 mm.; hight 0.36 mm.; thickness 0.24 mm. 
Minnesota" •. 0.60" "0.35" "0.21 " 

" " 0.68 " " 0.33 " " 0.22 " 

Carapace elongate, subelliptical or subquadrate, the length nearly twice the 

hight, convex; dorsal margin long, straight, with both extremities angular, or with 

the anterior one obtuse or rounded; ventral margin nearly parallel with the dorsal, 
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gently convex, or almost straight in the middle; posterior margin somewhat oblique 

and subtruncate above; anterior outline always more curved than the posterior; free 

edges with a narrow border; surface with a broad, centro-dorsal depression. 

The earliest known occurrence of this species is in the lower part of the Birds

eye limestone of Kentucky. These specimens differ slightly from the later form in 

having the border much narrower, the ventral margin straighter and quite parallel 

with the dorsal, and the anterior outline more rounded. The valves seem also to 

be a little more convex. 

Primitiella elongata, var. nuda Jones, * is similar but has straighter ends and 
sharper dorsal angles. 

Formation and locality.-Lower and upper Birdseye limestone, High Bridge, Kentucky, and Leba
non and Lavergne, Tennessee; lower third of the Trenton shales, MinneapolIs, St. Paul, and· Goodhue 
county, Minnesota. 

PRIMITIELLA LIMBATA, n. sp. 

PLATE XLIII. FIGS. 53-56. 

SIZE.-(E. C.) Length 0.73 mm.; hight 0.38 mm.; thickness 0.20 mm. 

The outline is almost as in P. constricta, only the ends are less rounded, the 

posterior one especially being nearly vertical, while the dorsal angles are sharper. 

The most important difference however lies in the fact that the border continues 

not only around the free edges but along the dorsal margin as well. The thickness 

of the carapace is somewhat less, and the surface rises more abruptly from the 

posterior border. Finally, the mesial depression is more obscure, and often scarcely 
distinguis hable. 

Formation and locality.-Lower third of the Trenton shales, Minneapolis, Minnesota. 

PRIMITIELLA SIMULANS, n. sp. 

PLATE XLIII, FIGS. 26-28. 

SrzE.-Length 0.73 mm,; hight 0.44 mm.; thickness 0.28 mm. 

Valves rather strongly convex, leperditoid in outline, with the dorsal angles 

rounded; edges without border; a very faint, broad depression near the middle of 
the dorsal slope, and occasionally an obscure elevation at its base. 

In the outline this species is very nearly like P. minuta Eichwald and Aparchites 

subovatus and leperditoides Jones. Still it is relatively higher than any of these, and 

the last two are without the dorsal depression. It resembles also A. minutissimus 

Hall, but may be distinguished by its proportionally greater length. 

__ F01'mation and /ocality.-Lower part of the Trenton shales, near Fountain, Minnesota . 

. * Prof. Jones deRcribes this form as a variety of Primitia elonaata Krause, but since Dr. Krause has'shown that his 
species possess a radially striated false border like that of Eurychilina7 8ubwquata Ulrich, the form nuda should now be 
reg-arded us at least specifically and probably generically distinct from P. elongata. 
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gently convex, or almost straight in the middle; posterior margin somewhat oblique 

and subtruncate above; anterior outline always more curved than the posterior; free 

edges with a narrow border; surface with a broad, centro-dorsal depression. 

The earliest known occurrence of this species is in the lower part of the Birds

eye limestone of Kentucky. These specimens differ slightly from the later form in 

having the border much narrower, the ventral margin straighter and quite parallel 

with the dorsal, and the anterior outline more rounded. The valves seem also to 

be a little more convex. 

Primitiella elongata, var. nud(l Jones, * is similar but has straighter ends and 
sharper dorsal angles. 

Formation and locality.-Lower and upper Birdseye limestone, High Bridge, Kentucky, and Leba
non and Lavergne, Tennessee; lower third of the Trenton shales, Minneapolls, St. Paul, and·Goodhue 
county, Minnesota. 

PRIMITIELLA LIMBATA, n. sp. 

PLATE XLIII. FIGS. 53-56. 

SIZE.-(E. C.) Length 0.73 mm.; hight 0.38 mm.; thickness 0.20 mm. 

The outline is almost as in P. constricta, only the ends are less rounded, the 

posterior one especially being nearly vertical, while the dorsal angles are sharper. 

The most important difference however lies in the fact that the border continues 

not only around the free edges but along the dorsal margin as well. T he thickness 

of the carapace is somewhat less, and the surface rises more abruptly from the 

posterior border. Finally, the mesial depression is more obscure, and often scarcely 
distinguishable. 

Formation and locality.-Lower third of the Trenton shales, Minneapolis, Minnesota. 

PRIMITIELLA SIMULANS, n. sp. 

PLATE XLIII, FIGS. 26-28. 

SIZE.-Length 0.73 mm,; hight 0.44 mm.; thickness 0.28 mm. 

Valves rather strongly convex, leperditoid in outline, with the dorsal angles 

rounded; edges without border; a very faint, broad depression near the middle of 

the dorsal slope, and occasionally an obscure elevation at its base. 

In the outline this species is very nearly like P. minuta Eichwald and Aparchites 

subovatus and leperditoides Jones. Still it is relatively higher than any of these, and 

the last two are without the dorsal depression. It resembles also A. minutissimus 

Hall, but may be distinguished by its proportionally greater length. 

__ Fm'mation and locality.-Lower part of the Trenton shales, near Fountain, Minnesota . 

. * Prof. Jones describes this form as a variety of Primitia elongata Krause, but since Dr. Krause has' shown that his 
specIes possess a radl:Llly striated false border like that of Eurychilina? Bubwquata Ulrich, the form nuda should now be 
re~arded as at least specifically and probably generically distinct from P. elongata. 
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PRIMITIELLA JJ'ILLMORENSIS, n. Sp. 

PLA.TE XLV, FIGS. 28-:JO. 

SIZE.-Length 0.55 mm.; hight 0.38 mm.; thickness 0.23 mm. 

A small, comparatively short form, with subequal, rounded ends, broadly curved 

ventral margin and a straight back, the extremities of which however are scarcely 

angular; mesial depression very shallow but wide, taking up a large portion of the 

centro-dorsal region; edges simple, or with an obscurely defined, narrow border. 

Though resembling several species of Primitia, from which it is distinguished by the 

width and shallowness of the mesial depression, I cannot find any described ostracode 

with which it is strictly identical. 

Formation and locality.-Not uncommon in the lower part of the Trenton shales near Fountain, 
Minnesota. 

PRIlIlITIELLA UNICORNIS Ulrich. 

PLATE XLIII, FIGS. 75-77. 

Leperditia unicornis ULIUCH, 1879. Jour. Cin. Soc. Nat. Rist., vol. ii, p. 10, p1. vii, fig. 4. 
flAparchites unicornis ULRICH, 1889. Contri. Can. Micro-Pal., pt. 2, p. 50. 
flPrimitia unicornis JONES, 1890. Quart. Jour. Geol. Soc., vol. xlvi, p. 7. 

SIZE.-Length 1.04.; hight 0.59 mm.; thickness 0.4 mm. 

Carapace convex, scarcely oblique, oblong, with a long, straight hinge, and 

rather well-marked dorsal angles; ventral margin gently arcuate, nearly parallel 

with the back, the anterior hight of the val ves being but little less than the poste

rior; posterior margin neatly rounded from the dorsal angle; anterior margin obliquely 

truncated in the upper half, sharply rounded at the middle; a narrow but well

defined border begins at this point and follows the outline to the post-dorsal angle; 

near the posterior extremity of each valve, usually somewhat beneath the mid-hight, 

a strong spine projects outwardly or posteriorly; in a dorsal or ventral profile the 

ends are blunt and the sides of the valves straight or just appreciably concave; in 

front of the middle of the dorsal slope there is a wide and very faint depression, and 

in the lower part of this a low swelling is almost invariably distinguishable. Speci

mens are usually about 1.0 mm. in length. A small variety occurs at Cincinnati, 

Ohio, averaging between 0.5 and 0.6 mm. in length. 

All the American specimens of this species, excepting the valve figured by me 

from Manitoba (op. cit.) are remarkably constant in all their characters. Indeed, out 

of over fifty free carapaces and valves, I was unable to find one that differed enough 

from fig. 77 to make it worth the while to prepare drawings of it. Bearing this 

constancy in mind it is rather surprising to learn that Prof. Jones found considerable 

variability among the British specimens referred by him to the species. Comparing 
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PRIMITIELLA l!'ILLMORENSIS, n. Sp. 

PLATE XLV, FIGS. 28-:)0. 

SrzE.-Length 0.55 mm.; hight 0.38 mm.; thickness 0.23 mm. 

A small, comparatively short form, with subequal, rounded ends, broadly curved 

ventral margin and a straight back, the extremities of which however are scarcely 

angular; mesial depression very shallow but wide, taking up a large portion of the 

centro-dorsal region; edges simple, or with an obscurely defined, narrow border. 

Though resembling several species of Primitia, from which it is distinguished by the 

width and shallowness of the mesial depression, I cannot find any described ostracode 

with which it is strictly identical. 

FormaUon and locality.-Not uncommon in the lower part of the Trenton shales near Fountain, 
Minnesota. 

PRIlIIITIELLA UNICORNIS Ulrich. 

P LATE XLIII, FIGS. 75-77. 

Leperditia unicornis ULIUCH, ]879. Jour. ~in. Soc. Nat. Rist., vol. ii, p. ]0, p1. vii, fig. 4. 
fAparchites unicornis ULRICH, ]889. OontrL Oan. Micro-Pal., pt. 2, p. 50 . 
. ~Primitia unicornis JONES, 1890. Quart. Jour. Geol. Soc., vol. xlvi, p. 7. 

SIZE.-Length 1.04.; hight 0.59 mm.; thickness 0.4 mm. 

Carapace convex, scarcely oblique, oblong, with a long, straight hinge, and 

rather well-marked dorsal angles; ventral margin gently arcuate, nearly parallel 

with the back, the anterior hight of the val yes being but little less than the poste

rior; posterior margin neatly rounded from the dorsal angle; anterior margin obliquely 

truncated in the upper half, sharply rounded at the middle; a narrow but well

defined border begins at this point and follows the outline to the post-dorsal angle; 

near the posterior extremity of each valve, usually somewhat beneath the mid-hight, 

a strong spine projects outwardly or posteriorly; in a dorsal or ventral profile the 

ends are blunt and the sides of the valves straight or just appreciably concave; in 

front of the middle of the dorsal slope there is a wide and very faint depression, and 

in the lower part of this a low swelling is almost invariably distinguishable. Speci

mens are usually about 1.0 mm. in length. A small variety occurs at Cincinnati, 

Ohio, averaging between 0.5 and 0.6 mm. in length. 

All the American specimens of this species, excepting the valve figured by me 

from Manitoba (op. cit.) are remarkably constant in all their characters. Indeed, out 

of over fifty free carapaces and valves, I was unable to find one that differed enough 

from fig. 77 to make it worth the while to prepare drawings of it. Bearing this 

constancy in mind it is rather surprising to learn that Prof. Jones found considerable 

variability among the British specimens referred by him to the species. Comparing 
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his drawings (op. cit., pI. IV, figs. 8-13), witiL the figure here given on plate XLIII, it 

would appear that none of his specimens are strictly identical with the typical form 

of the species. They are aU too narrow anteriorly, and three of the figured ones too 

long. The other three figures (8, 9 and 10) correspond fairly well with that of the 

Manitoba specimen already referred to, though the posterior spine in the last is 

stronger. Possibly some of the variability of the Bala specimens is due to crush, or 

perhaps their margins were covered by the shale. There remains to be added that 

in all these foreign specimens the border, as well as the slight elevation in the dorsal 

depression, seems to be wanting. Under the circumstances it would probably be 

advisable to separate them, if not specifically, at any rate as a variety, from the 

typical form of the species. 

Formation and locality.-Doubtfully identified from a cast of the interior found in a thin bed of 
shale belonging near the base of the Hudson River group, three miles north of Spring Valley, Minnesota. 
The typical form occurs abundantly in the lower or Utica horizon of the Oincinnati group at a number of 
localities in the vicinity of Cincinnati, Ohio. The Manitoba variety is from beds equivalent to the upper 
divisions of tbe Cincinnati group at Stony Mountain. while tbe British specimens described by Prof. Jones 
are from Bala shales, near Welshpool, Montgomeryshire. 

Genus PRIMITIA, Jones and Holl. 

Primitiu (part.) JONES and ROLL, 1865. Ann. and Mag. Nat. Rist., ser. 3, vol. xvi, p. 4t5. 

Carapace small, varying in outline, usually subovate, but the hinge is always 

straight; valves equal, never overlapping, generally provided with a narrow border; 

in, or to one or the other side of, the middle of the dorsal half, a well-marked pit or 

sulcus; the pit may be rounded and situated subcentrally, or it may be drawn out 

vertically so as to extend from the dorsal margin half across the valve; on one or 

both sides of the sulcus the surface may be raised into a low, rounded or ridge-shaped 

prominence. Surface of valves punctate, retiCUlate, or without ornament; in rare 
cases it seems to have heen minutely granulose. 

As typical species I will mention P. mundula Jones, P. renulina Jones and Holl, 

P. variolata J. and H., and P. humilis J. and H., Upper Silurian; P. impressa Ulrich, 

P. sancti pauli Ul., and P. mammata Ulr., Lower Silurian, the last two described in 
this work. 

Prior to 1865, species of Primitia, were referred to Beyrichia. For more than 

twenty years after that date, besides the type of structure to which the genus is now 

restricted, Pl'imitia included (1) "non-sulcate II forms for which Jones in 1889, pro

posed the genus Aparchites; (2) so-called "passage forms" that I now propose to 

separate as Pl'imitiella; (3) forms having the sides of the sulcus elevated into two 

strong tubercles, for which the genus Ulrichia has been established by Prof. Jones; 

and finally (4) some that may belong to Eurychilina, Ulrich, because they have the 
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his drawings (op. cit., pl. IV, figs. 8-13), witil the figure here given on plate XLIII, it 

would appear that none of his specimens are strictly identical with the typical form 

of the species. They are all too narrow anteriorly, and three of the figured ones too 

long. The other three figures (8, 9 and 10) correspond fairly well with that of the 

Manitoba specimen already referred to, though the posterior spine in the last is 

stronger. Possibly some of the variability of the Bala specimens is due to crush, or 

perhaps their margins were covered by the shale. There remains to be added that 

in all these foreign specimens the border, as well as the slight elevation in the dorsal 

depression, seems to be wanting. Under the circumstances it would probably be 

advisable to separate them, if not specifically, at any rate as a variety, from the 

typical form of the species. 

Formation and locality.-Doubtful1y identified from a cast of the interior found in a thin bed of 
shale belonging near the base of the Hudson River group, three miles north of Spring Valley, Minnesota. 
The typical form occurs abundantly in the lower or Utica horizon of the Cincinnati group at a number of 
localities in the vicinity of Cincinnati, Ohio. The Manitoba variety is from beds equivalent to the upper 
divisions of the Cincinnati group at Stony Mountain. while the British specimens described by Prof. Jones 
are from Bala shales, near Welsh pool, Montgomeryshire. 

Genus PRIMITIA, Jones and Holl. 

Primitia (part.) JONES and ROLL, 1865. Ann. and Mag. Nat. Rist., ser. 3, vol. xvi, p. 415. 

Carapace small, varying in outline, usually subovate, but the hinge is always 

straight; valves equal, never overlapping, generally provided with a narrow border; 

in, or to one or the other side of, the middle of the dorsal half, a well-marked pit or 

sulcus; the pit may be rounded and situated subcentrally, or it may be drawn out 

vertically so as to extend from the dorsal margin half across the valve; on one or 

both sides of the sulcus the surface may be raised into a low, rounded or ridge-shaped 

prominence. Surface of valves punctate, reticulate, or without ornament; in rare 

cases it seems to have heen minutely granulose. 

As typical species I will mention P. mundula Jones, P. renulina Jones and Holl, 

P. varia lata J. and H., and P. humilis J. and H., Upper Silurian; P. impressa Ulrich, 

P. sancti pauli Ul., and P. mammata Ulr., Lower Silurian, the last two described in 
this work. 

Prior to 1865, species of Primitia, were referred to Beyrichia. For more than 

twenty years after that date, besides the type of structure to which the genus is now 

restricted, Primitia included (1) "non-sulcate" forms for which Jones in 1889, pro

posed the genus Aparchites; (2) so-called "passage forms" that I now propose to 

separate as Primitiella; (3) forms having the sides of the sulcus elevated into two 

strong tubercles, for which the genus Ulrichia has been established by Prof. Jones; 

and finally (4) some that may belong to Eurychilina, Ulrich, because they have the 
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broad frill which projects greatly beyond the free contact edges of the valves in 

species of that genus. As usual, the original conception of Primitia was altogether 

too broad, and as, through the restless efforts of collectors, the species began to 

.multiply, it became clear that they fell naturally into several groups, whose import-

ance increased with time and study till their separation became, at first desirable, 

then necessary. 

Still, Primitia retains a large number of species, the greater part of which are 

nearly equally divided between the Lower and Upper Silurian rocks. Two or three 

rather doubtful species have been described from primordial strata, but at least five 

good Devonian species have been discovered and as many more in the Lower Car

boniferous, after which the genus seems to have become extinct. With a few exceptions 

all these species were described in papers by Jones, Jones and Holl, Krause, and 

Ulrich. 

PRIMITIA MINUTISSIMA, n. sp. 

PLATE XLV, FIG. 31. 

SIZE.-Length 0.33 mm.; hight 0.19 mm. 

Carapace very small, rather elongate-elliptical in outline, without distinct dorsal 

angles, the ends rounded and nearly equal, the anterior slightly narrower than the 

other; valves rather strongly convex; sulcus narrow, sharply defined, extending 

nearly half across the valve; surface smooth. 

This is the smallest Primitia known to me. It is evidently related to the British 

Wenloch species, P. humilis Jones and Holl, but is smaller, relatively more convex, 

with the ends more rounded, and the sulcus narrower. It is not very closely related 

to any of the known American species. 

Formation and locality.-Lower part of the Trenton shales, near Fountain, and at Oxford Mills, 
Goodhue county, Minnesota. 

PRIMITIA UPHAMI, n. sp. 

PLATE XLIII. FIG. 66. 

SIZE.-"':Length 0.42 mm.; hight 0.27 mm.; thickness 0.15 mm. 

Valves small, compressed-convex, slightly oblique, subovate, without distinct 

dorsal angles; posterior end wider and more broadly rounded than the anterior; 

ventral margin convex; edges thin, without border; sulcus represented by a rather 

large, though not very deep depression, situated about in the middle of the dorsal 

slope; surface marked by small punctm, arranged in curved lines radiating from the 

sulcus; in certain lights each row appears as occupying the bottom of a narrow 

groove. 

OSTRACODA. 651 
Prim!tla minutissima.] 

broad frill which projects greatly beyond the free contact edges of the valves in 

species of that genus. As usual, the original conception of Primitia was altogether 

too broad, and as, through the restless efforts of collectors, the species began to 

.multiply, it became clear that they fell naturally into several groups, whose import-

ance increased with time and study till their separation became, at first desirable, 

then necessary. 

Still, Primitia retains a large number of species, the greater part of which are 

nearly equally divided between the Lower and Upper Silurian rocks. Two or three 

rather doubtful species have been described from primordial strata, but at least five 

good Devonian species have been discovered and as many more in the Lower Car

boniferous, after which the genus seems to have become extinct. With a few exceptions 

all these species were described in papers by Jones, Jones and Holl, Krause, and 

Ulrich. 

PRIMITIA MINUTISSIMA, n. sp. 

PLATE XLV, FIG. 31. 

SrzE.-Length 0.33 mill.; hight 0.19 mm. 

Carapace very small, rather elongate-elliptical in outline, without distinct dorsal 

angles, the ends rounded and nearly equal, the anterior slightly narrower than the 

other; valves rather strongly convex; sulcus narrow, sharply defined, extending 

nearly half across the valve; surface smooth. 

This is the smallest Primitia known to me. It is evidently related to the British 

Wenloch species, P. humilis Jones and Holl, but is smaller, relatively more convex, 

with the ends more rounded, and the sulcus narrower. It is not very closely related 

to any of the known American species. 

Formation and locality.-Lower part of the Trenton shales, near Fountain, and at Oxford Mills, 
Goodhue county, Minnesota. 

PRIMITIA UPHAMI, n. Sp. 

PLATE XLIII. FIG. 66. 

SrzE.-Length 0.42mm.; hight 0.27mm.; thickness 0.15 mm. 

Valves small, compressed-convex, slightly oblique, subovate, without distinct 

dorsal angles; posterior end wider and more broadly rounded than the anterior; 

ventral margin convex; edges thin, without border; sulcus represented by a rather 

large, though not very deep depression, situated about in the middle of the dorsal 

slope; surface marked by small punctffi, arranged in curved lines radiating from the 

sulcus; in certain lights each row appears as occupying the bottom of a narrow 

groove. 
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Though smaller and proportionally higher behind, this neat Prirnitia seems to 

be more closely related to P. variolata Jones and Holl, from the Wenloch of England, 

than to any American species. Still there is a regularity about the arrangement of 

the punctce that is wanting in that species. In P. trigonalis, of the same authors 

and formation, the ornamentation is similar, but in other respects the species are 

quite different. 
Named for Mr. W arren Upham, of the Geological Survey of Minnesota, whose 

published work has aided materially in advancing our knowledge of American 

geology. 

Formation and locality.-GaJena shales near Cannon Falls, Minnesota. 

PRIMITIA MAMMATA, n. sp. 

PLATE XLIII. FIGS. 78-81. 

SrzE.-Length 0.51 mm.; hight 0.30 mm ; thickness 0.18 mm. 

Valves suboblong, the marginal portions somewhat depressed, while the central 

parts are slightly swollen beneath and on each side of the sulcus, the latter narrow

ing dorsally; back straight, dorsal angles rounded; posterior margin strongly rounded 

in the middle, ventral margin gently convex, subparallel with the hinge line; ante

rior outline most prominent in the upper part, the whole sweeping slightly backward; 

edges simple, surface without ornament. 

The slight prominence of the surface about the sulcus gives this carapace an 

appearance that is not shared by any of the more simple forms of the genus. We 

are somewhat reminded of P. tumidula and P. duplicata,-indeed, I at first confounded 

it with the latter. The first is much more convex, shorter and larger, while perfect 

valves of the second will be distinguished at once by their double borders. P. cen

tralis Ulrich, of the Utica horizon of the Cincinnati group, is similar in shape, but 

has a simply convex surface and the sulcus confined to a sub central pit. 

Formation and locality.-Lower third of the Trenton shales, Minneapolis, Minnesota. 

PRIMITIA SANeTI PAULI, n. sp. 

PLATE XLIII. FIGS. 73 and 74. 

SIZE.-Length 0.86 mm.; hight 0.56 mm.; thickness 0.38 mm. 

Valves strongly convex, thickest posteriorly, sub ovate in outline, with a straight 

back nearly three-fourths as long as the greatest length of the carapace, and rather 

distinct dorsal angles; ends rounded, subequal, the anterior sometimes a trifle narrower 

than the posterior; ventral margin broadly convex, free edges with a well-defined, 

narrow border; sulcus well developed, situated a little in front of the midlength, 
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Though smaller and proportionally higher behind, this neat Prirnitia seems to 

be more closely related to P. vaTiolata Jones and Holl, from the Wenloch of England, 

than to any American species. Still there is a regularity about the arrangement of 

the punctce that is wanting in that species. In P. trigonalis, of the same authors 

and formation, the ornamentation is similar, but in other respects the species are 

quite different. 
Named for Mr. Warren Upham, of the Geological Survey of Minnesota, whose 

published work has aided materially in advancing our knowledge of American 

geology. 

Formation and locality.-GaJena shales near Cannon Falls, Minnesota. 

PRIMITIA MAMMATA, n. sp. 

PLATE XLIII. FIGS. 78-81. 

SrzE.-LengthO.51mm.; hightO.30mm; thicknessO.18mm. 

Valves suboblong, the marginal portions somewhat depressed, while the central 

parts are slightly swollen beneath and on each side of the sulcus, the latter narrow

ing dorsally; back straight, dorsal angles rounded; posterior margin strongly rounded 

in the middle, ventral margin gently convex, subparallel with the hinge line; ante

rior outline most prominent in the upper part, the whole sweeping slightly backward; 

edges simple, surface without ornament. 

The slight prominence of the surface about the sulcus gives this carapace an 

appearance that is not shared by any of the more simple forms of the genus. We 

are somewhat reminded of P. tumidula and P. duplicata,-indeed, I at first confounded 

it with the latter. The first is much more convex, shorter and larger, while perfect 

valves of the second will be distinguished at once by their dou ble borders. P. cen

tmlis Ulrich, of the Utica horizon of the Cincinnati group, is similar in shape, but 

has a simply convex surface and the sulcus confined to a subcentral pit. 

Formation and locality.-Lower third of the Trenton shales, Minneapolis, Minnesota. 

PRIMITIA SANeTI PAULI, n. sp. 

PLATE XLIII. FIGS. 73 and 74. 

SIZE.-Length 0.86 mm.; hight 0.56 mm.; thickness 0.38 mm. 

Valves strongly convex, thickest posteriorly, subovate in outline, with a straight 

back nearly three-fourths as long as the greatest length of the carapace, and rather 

distinct dorsal angles; ends rounded, sub equal, the anterior sometimes a trifle narrower 

than the posterior; ventral margin broadly convex, free edges with a well-defined, 

narrow border; sulcus well developed, situated a little in front of the midlength, 
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slightly oblique, deepest in its lower part, narrowing above by the development of a 

low swelling on each side, that on the anterior side more prominent than the other; 

a not very prominent, rounded tubercle near the lower part of the anterior border; 

excepting the sulcus and the flattened border, the entire surface is beautifully 

reticu} ated. 

This fine species is probably more closely related to P. milleri Ulrich, from the 

upper beds of the Cincinnati group, than to any other known. The size of P.milleri 

is somewhat greater, its length being usually a little more than 1.0 mm. But the 

real differences between the two forms are (1) the proportionally greater length of 

the valves and of the hinge in the Minnesota species; (2) its longer and otherwise 

different sulcus, and (3) the pOilsession of a rounded, antero-ventrally situated 

tubercle, which is wanting in the Ohio species. 

Formation and locality.-Upper third of the 'rrenton shales, St. Paul and near Oannon Falls, 
Minnesota. 

PRIMITIA MICULA, n. sp. 

PLATE XLIII. FIGS. 69-72. 

SIZE.-Length 0.39 mm.; hight 0.25 mm.; thickness 0.23 mill. 

This species, though much smaller, seems to be related to P. sandi pauli. It is 

however relatively shorter, with a longer hinge line and stronger dorsal angles. The 

valve is strongly convex, especially in the posterior half, and the prominences on 

each side of the curved sulcus are decidedly higher than in the larger species. 

Again, that species has a rounded tubercle in front which is wanting in P. micula. 

Finally, the surface is only obscurely punctate and not reticulate. 

It is perhaps more closely related to P. tumidula of the Hudson River shales, 

but, aside from its much smaller size, it is at once distinguished by the absence of 

the narrow curved ridge, running a short distance within the ventral margin in that 

species. 

Formation and locality.-Galena shales near Oannon Fails, Minnesota; associated with P. uphami, 
Schmidtella ajfinis and Bythocypris cylindrica. 

PRIMITIA CELATA, n. sp. 

PLATE XLIII. FIGS. 67 and 68. 

SIZE.-Length 0.57 mm.; hight 0.33 mm.; thickness 0.30 mm. 

Valves with the back long, straight or gently arcuate, the dorsal angles distinct 

though not sharp, the ends about equally curved though the anterior is somewhat 

narrower than the posterior; ventral and anterior margins together following a 

semielliptic curve; free edges grooved, the true contact ma,rgins concealed by a 
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slightly oblique, deepest in its lower part, narrowing above by the development of a 

low swelling on each side, that on the anterior side more prominent than the other; 

a not very prominent, rounded tubercle near the lower part of the anterior border; 

excepting the sulcus and the flattened border, the entlre surface is beautifully 

reticul ated. 

This fine species is probably more closely related to P. m£lleri Ulrich, from the 

upper beds of the Cincinnati group, than to any other known. The size of P. milleri 

is somewhat greater, its length being usually a little more than 1.0 mm. But the 

real differences between the two forms are (1) the proportionally greater length of 

the valves and of the hinge in the Minnesota species; (2) its longer and otherwise 

different sulcus, and (3) the possession of a rounded, antero-ventrally situated 

tubercle, which is wanting in the Ohio species. 

Formation and locality.-Upper third of the Trenton shales, St. Paul and near Oannon Falls, 
Minnesota. 

PRIMITIA MICULA, n. sp. 

PLATE XLIIf. FIGS. tiO-72. 

SrzE.-Length 0.39 illill.; hight 0.25 mill.; thickne~s 0.23 mm. 

This species, though much smaller, seems to be related to P. sancti pauli. It is 

however relatively shorter, with a longer hinge line and stronger dorsal angles. The 

valve is strongly convex, especially in the posterior half, and the prominences on 

each side of the curved sulcus are decidedly higher than in the larger species. 

Again, that species has a rounded tubercle in front which is wanting in P. micula. 

Finally, the surface is only obscurely punctate and not reticulate. 

It is perhaps more closely related to P. iumidula of the Hudson River shales, 

but, aside from its much smaller size, it is at once distinguished by the absence of 

the narrow curved ridge, running a short distance within the ventral margin jn that 

species. 

Formation and locality.-Galena shales near Oannon Falls, Minnesota; associated with P. uphami, 
Schmidtella affinis and Bythocypris cylindrica. 

PRIMITIA CELATA, n. sp. 

PLATE XLIII. FIGS. 67 and (jS. 

SrzE.-Length 0.57 mm.; hight 0.33 mm.; thickness 0.30 mm. 

Valves with the back long, straight or gently arcuate, the dorsal angles distinct 

though not sharp, the ends about equally curved though the anterior is somewhat 

narrower than the posterior; ventral and anterior margins together following a 

semi elliptic curve; free edges grooved, the true contact ma,rgins concealed by a 
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projeeting rim which however is not distinguishable in a side view from the regular 

slope of the surface except in front; sulcus sharply defined, simple, subcentral, 

extending less than one-third of the distance across the valve; surface minutely 

punctate. 
The widely grooved edges distinguish this species from several otherwise similar 

forms occurring in the Upper Silurian of Europe. The projecting rim, which should 

not be mistaken for an ordinary border, is to be regarded as an undeveloped " frill " 

and precisely the same as the false border of Ctenobolbina ciliata and Ceratopsis 

chambersi. It is developed to a greater degree in the next species, but in P. tumidula 

it appears to have been in a large measure reabsorbed again. 

Forrnation and locality.-MiddJe third of the Trenton shales, Minneapolis, Minnesota. 

PRIMITIA DUPLICATA. n. sp. 

PLATE XLITL FIGS. 60 and 61. 

SrzE.-Length 0.70 mm.; hight 0.45 mm.; thickness 0.3,) mm. 

Valves rounded oblong-quadrate, with a long, straight back, rounded dorsal 

angles, and a distinctly elevated false border. This border projects slightly beyond 

and completely hides, in a side view, the anterior and ventral contact margins of 

the valve. Posteriorly however the true edge protrudes, the border here projecting 

outwardly much more than backward. Within the border the surface is moderately 

convex, the sulcus not deep yet distinct, and faintly traceable for about two-fifths 

the hight of the valve. In front of the lower part of the sulcus a small swelling is 

faintly indicated, while behind its upper two-thirds there is another but much larger 

low elevation. Surface without ornamentation so far as known. 

This interesting species agrees with P. celata in having a false border, but as it 

is more elevated, especially in its posterior part, and as the two forms are quite different 

in the region of the sulcus, it is not at all likely that they will ever be confused by 

a eareful observer. I know of no form now referred to Primitia, unless it be P . . 
tumidula, which see, that is sufficiently near P. duplicata to require comparison, 

Beyrichia initialis, an associated species, looks considerably like it. It is of about 

the same size, and has a raised border. A critical examination of the latter however 

proves that it is not a false border, but the actual margin of the valve bent outward 

(compare figs. 61 and 83, plate XLIII). Of course the lobing of the valves, though 

certain similarities may be discovered, is still very different in the two forms. A 
comparison of their respective figures on plate XLIII will bring out the differences 
much better than I can define them. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis, Minnesota. 
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projecting rim which however is not distinguishable in a side view from the regular 

slope of the surface except in front; sulcus sharply defined, simple, subcentral, 

extending less than one-third of the distance across the valve; surface minutely 

punctate. 
The widely grooved edges distinguish this species from several otherwise similar 

forms occurring in the Upper Silurian of Europe. The proj ecting rim, which should 

not be mistaken for an ordinary border, is to be regarded as an undeveloped" frill" 

and precisely the same as the false border of Ctenobolbina ciliata and Ceratopsis 

chambersi. It is developed to a greater degree in the next species, but in P. tumidula 

it appears to have been in a large measure reabsorbed again. 

Formation and locality.-Middle third of the Tren ton shales, Minneapolis, Minnesota. 

PRIMITIA DUPLICATA. n. sp. 

PLATE XLITL FIGS. 60 and 61. 

SrzE.-Length 0.70 mm.; hight 0.45 mm.; thickness 0.35 mm. 

Valve~ rounded oblong-quadrate, with a long, straight back, rounded dorsal 

angles, and a distinctly elevated false border. This border projects slightly beyond 

and completely hides, in a side view, the anterior and ventral contact margins of 

the valve. Posteriorly however the true edge protrudes, the border here projecting 

outwardly much more than backward. Within the border the surface is moderately 

convex, the sulcus not deep yet distinct, and faintly traceable for about two-fifths 

the hight of the valve. In front of the lower part of the sulcus a small swelling is 

faintly indicated, while behind its upper two-thirds there is another but much larger 

low elevation. Surface without ornamentation so far as known. 

This interesting species agrees with P. celata in having a false border, but as it 

lS more elevated, especially in its posterior part, and as the two forms are quite different 

in the region of the sulcus, it is not at all likely that they will ever be confused by 

a careful observer. I know of no form now referred to Primitia, unless it be P. 
tumidula, which see, that is sufficiently near P. duplicata to require comparison, 

Beyrichia initialis, an associated species, looks considerably like it. It is of about 

the same size, and has a raised border. A critical examination of the latter however 

proves that it is not a false border, but the actual margin of the valve bent outward 

(compare figs. 61 and 83, plate XLIII). Of course the lobing of the valves, though 

certain similarities may be discovered, is still very different in the two forms. A 

comparison of their respective figures on plate XLIII will bring out the differences 
much better than I can define them. 

Formation and locali/y.-Middle third of the Trenton shales, Minneapolis, Minnesota. 



OSTRACODA. 655 
Primltla tumidula.] 

PRIMITIA TUMIDULA, n. sp. 

PLATE XLIII, FIGS. 62-65. 

SrzE.-Length 0.73 mOl.; hight 0.50 mOl.; thickness 0.40 mOl. 

Valves strongly convex, sUbquadrate-ovate, back straight, rather long; posterior 

dorsal angle strong, the anterior more obtuse or rounded; ends nearly equal in hight, 

but the anterior margin is more curved than the posterior, the latter being some

what truncated above; sulcus a little in front of, or quite in the middle of the dorsal 

half, deep, with a strong rounded swelling on each side; the posterior prominence 

larger and higher than the anterior one, but the latter usually somewhat better 

defined by a forward swing of the lower part of the sulcus; surface beneath the 

sulcus prominently convex, and sometimes bearing several small tubercles; a wide 

concave border, defined in the ventral part by a thin ridge, extending parallel with 

and some distance within the edge of the valves. This ridge I consider as the 

remnant of a false border, like the one which is so strongly developed in P. duplicata. 

At first I thought this species might be the same as P. cincinnatiensis Miller sp., 

but a more careful examination proved it distinct, though perhaps closely related. 

In the first place its valves are higher, the ventral outline being much more curved. 

Next, the sulcus is relatively shorter, while the border is not narrow and flat. But 

the most important difference is the :,;ubmarginal ridge which is distinguishable 

even on casts of the interior of P. tumidula, but of which not a sign is to be seen on 

Miller's species. In P. duplicata this ridge is much more strongly developed, forming 

a false border from one dorsal angle to the other. This fact causes the surface of 

the valves to appear much less convex than it really is, though the greatest thick

ness is a little less than in P. tumidula. But the sulcus in the latter is much deeper, 

and the tumidity of the surrounding parts greater than in the Trenton species. 

Formation and locality.-In a thin bed of shale belonging to the lower part of the Hudson River 
group, three miles north of Spring Valley, Minnesota. 

PRIMITIA GIBBERA, n. sp. 

PLATE XLIII, FIGS. 57-59. 

SrzE.-Length 0.81 mOl.; hight 0.45 mOl.; thickness 0.36 mill. 

Valves somewhat leperditoid in outline, with a straight hinge line, the distance 

between the dorsal angles about five-ninths of the greatest length of the carapace; 

ends rounded; valves rather strongly convex, gibbous in the anterior half of the 

dorsal region; this prominent part is somewhat flattened on the back, and includes 

a short and rather shallow notch or sulcus. In the specimens at hand the surface 

slopes uniformly toward the edges and these seem to be simple and without a border; 
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PRIMITIA TUMIDULA, n. sp. 

PLATE XLIII, FIGS. 62-G5. 

SrzE.-Length 0.73 mm.; hight 0.50 mm.; thickness 0.40 mm. 

Valves strongly convex, subquadrate-ovate, back straight, rather long; posterior 

dorsal angle strong, the anterior more obtuse or rounded; ends nearly equal in hight, 

but the anterior margin is more curved than the posterior, the latter being some

what truncated above; sulcus a little in front of, or quite in the middle of the dorsal 

half, deep, with a strong rounded swelling on each side; the posterior prominence 

larger and higher than the anterior one, but the latter usually somewhat better 

defined by a forward swing of the lower part of the sulcus; surface beneath the 

sulcus prominently convex, and sometimes bearing several small tubercles; a wide 

concave border, defined in the ventral part by a thin ridge, extending parallel with 

and some distance within the edge of the valves. This ridge I consider as the 

remnant of a false border, like the one which is so strongly developed in P. duplicata. 

At first I thought this species might be the same as P. cincinnatiensis Miller sp., 

but a more careful examination proved it distinct, though perhaps closely related. 

In the first place its valves are higher, the ventral outline being much more curved. 

Next, the sulcus is relatively shorter, while the border is not narrow and flat. But 

the most important difference is the submarginal ridge which is distinguishable 

even on casts of the interior of P. tum1'dula, but of which not a sign is to be seen on 

Miller's species. In P. duplicata this ridge is much more strongly developed, forming 

a false border from one dorsal angle to the other. This fact causes the surface of 

the valves to appear much less convex than it really is, though the greatest thick

ness is a little less than in P. tumidula. But the sulcus in the latter is much deeper, 

and the tumidity of the surrounding parts greater than in the Trenton species. 

Formation and locality.-In a thin bed of shale belonging to the lower part of the Hudson River 
group, three miles north of Spring Valley, Minnesota. 

PRIMITIA GIBBERA, n. sp. 

P LA TE XLIII. FIGS. 57-59. 

SrzE.-Length 0.81 mm.; hight 0.45 mm.; thickness 0.36mm. 

Valves somewhat leperditoid in outline, with a straight hinge line, the distance 

between the dorsal angles about five-ninths of the greatest length of the carapace; 

ends rounded; valves rather strongly convex, gibbous in the anterior half of the 

dorsal region; this prominent part is somewhat flattened on the back, and includes 

a short and rather shallow notch or sulcus. In the specimens at hand the surface 

slopes uniformly toward the edges and these seem to be simple and without a border; 
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but, as they are only casts of the interior, a narrow border' may have existed on the 

exterior of the valves. 
The gibbous character of the anterior part of the dorsal region, and the shortness 

as well as lateral position of the sulcus, are the principal peculiarities of the species. 

In other respects it resembles P. mundula and P. simplex Jones. 

The affinities of this form are rather obscure. There is a suspicious resemblance 

to Jonesella? obscura (plate XLIV, figs. 17-19), but very little to J. crepidijormis the 

type of that genus. It may also be compared with Placentula inornata Ulrich, a 

Cincinnati species. 

Formation and localitg.-Associated with the preceding. 

Genus HALLIELLA, Ulrich. 

Halliella, ULRICH, 1890. Jour. Cin. Soc. Nat. Hist., vpl. xiii. p. 184. 

Similar to P1'imitia, but with a thicker shell, thick and, bevelled edges, and 

usually a larger sub central sulcus dividing the surface into two lobes. Surface of 

lobes coarsely sculptured or reticulate. 

Types: H. (Pr-imitia ? ) sculptilis and H. retifera, Ulrich. 

The affinities of this genus are still obscure. Taking H. labiosa, we see Primitian 

characters coupled with those marking Kirkbya, and I am really quite undecided as 

to which are predominant. H. sculptilis Ulrich, from the Trenton of Kentucky, is 

farther removed from Pr-imitia, but its long sulcus produces an effect more like 

Ctenobolbina than Kirkbya. The same is true, though in a lesser degree, of H. 
(Primitia) seminulum Jones. The Devonian H. retijera, though having something 

to remind of each, is not a Primitia, Beyrichia, Ctenobolbina nor a Kirkbya. It is 

these more or less obscure resemblances to a variety of generic types that makes it 

so difficult to point out the diagnostic characters of Halliella, and I find myself in 

the somewhat anomalous position of being much better able to say ~hat they are 

not than what they are. I must admit also that I am not thoroughly satisfied that 

the four species now constituting Halliella are strictly congeneric. They may be so, 

but until their natural affinities are better understood, the genus is to be accepted 
as convenient rather thap natural. 

HALLIELLA LABIOSA, n. sp. 

PLATE XLVI. FIGS. 43-46. 

SrzE.-Length 0.86 mm.; hight 0.62 mm.; thickness 0.40 mm. 

Carapace semielliptical, the lower three-fourths semicircular, the hinge line 

nearly straight; dorsal edges somewhat thick and bevelled inward; free edges very 
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but, as they are only casts of the interior, a narrow border' may have existed on the 

exterior of the valves. 
The gibbous character of the anterior part of the dorsal region, and the shortness 

as well as lateral position of the sulcus, are the principal peculiarities of the species. 

In other respects it resembles P. mundula and P. simplex Jones. 

The affinities of this form are rather obscure. There is a suspicious resemblance 

to Jonesella ? obscura (plate XLIV, figs. 17-19), but very little to J. crepid1formis the 

type of that genus. It may also be compared with Placentula inornata Ulrich, a 

Cincinnati species. 

Formation and locality.-Associated with the preceding. 

Genus HALLIELLA, Ulrich. 

Halliella, ULRICH, 1890. Jour. Cill. Soc. Nat. Rist., v91. xiii. p. 184. 

Similar to Primitia, but with a thicker shell, thick and bevelled edges, and 

usually a larger subcentral sulcus dividing the surface into two lobes. Surface of 

lobes coarsely sculptured or reticulate. 

Types: H. (Primitia ? ) sculptilis and H. retifera, Ulrich. 

The affinities of this genus are still obscure. Taking H. labiosa, we see Primitian 

characters coupled with those marking Kirkbya, and I am really quite undecided as 

to which are predominant. H. sculptilis Ulrich, from the Trenton of Kentucky, is 

farther removed from Primitia, but its long sulcus produces an effect more like 

Ctenobolbina than Kirkbya. The same is true, though in a lesser degree, of H. 

(Primitia) seminulum Jones. The Devonian H. retifera, though having something 

to remind of each, is not a Primitia, Beyrichia, Ctenobolbina nor a Kirkbya. It is 

these more or less obscure resemblances to a variety of generic types that makes it 

so difficult to point out the diagnostic characters of Halliella, and I find myself in 

the somewhat anomalous position of being much better able to say what they are 

not than what they are. I must admit also that I am not thoroughly satisfied that 

the four species now constituting Halliella are strictly congeneric. They may be so, 

but until their natural affinities are better understood, the genus is to be accepted 

as convenient rather than natural. 

HALLIELLA LABIOSA, n. sp. 

PLATE XLVI, FIGS. 43-46. 

SIZE.-Length 0.86 mm.; hight 0.62 mm.; thickness 0.40 mm. 

Carapace semielliptical, the lower three-fourths semicircular, the hinge line 

nearly straight; dorsal edges somewhat thick and bevelled inward; free edges very 
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thick, in a ventral view resembling lips; surface of valves gently convex within the 

wide concave border; the central part of the upper half depressed around a narrow 

pit; in front of the pit occasionally a slight rounded elevation. Surface beautifully 

marked with small pits closely arranged in concentric lines, usually less curved than 

the ventral outline of the valves. 

This is one of the prettiest of the numerous Ostracoda occurring in the Trenton 

of Minnesota. It is also one of the most easily recognized, the thick, lip-like edges, 

and the concentric surface markings being unusually distinctive. 

Formation and locality.-Near the top of the Galena shales, Goodhue county, Minnesota. 

Genus BEYRICHIA, McCoy. 

Beyrichia, McCoy, 1846. Synop. Sil. Foss. Ireland, p. 57. 

Carapace small, equivalved, oblong or semiovate, with a straight dorsal and 

convex ventral outline. Typically each valve has two sulci and three lobes, of which 

the central one is the smallest; the two larger lobes often coalesce ventrally. Surface 

usually marked with pittings, reticulation, papillCB or other ornament. 

Type: Beyrichia klcedeni McCoy. 

This genus, after Leperditia, is the most important of all the generic groups of 

Paleozoic Ostracoda. Many of the species also, those of the Upper Silurian rocks 

especially, are comparatively large, specimens over 3 mm. in length being not at all 

uncommon. The individuals, moreover, are generally abundant, layers of rock in 

many instances being crowded with, if indeed they are not largely made up of their 

separated valves. 

In the restricted sense in which the genus is here defined, the oldest known 

species is the Minnesota form about to be described.* It is from the middle third of 

the Trenton shales (~Black River group). Of the Trenton proper, B. bella Walcott, 

may belong to the genus, and I have a doubtful species from the Utica horizon at 

Cincinnati, Ohio; but so far we know of no true Beyrichia from the Hudson River or 

Cincinnati group, those referred to the genus from this formation belonging to 

Ctenobolbina, Drepanella, Bollia, Tetradella, Ceratella and Primitia. In the Clinton, 

however, B. lata Hall (Vanuxem)t is a good species, and from here on to the close 

of the Carboniferous system the genus is more or less well represented in every 

group of strata. 

* Prof. T. Rupert Jones has described Beyrichia holli from the Minffivian flags of Great Britain (Geol. Mag., n. ser., Dec. 
2, vol. 8, p. 343; 1881). bnt the affinities of the fossil seem to me as doubtful. 

"'Not Bo!lia lata Jones, 1890; Quart. Jour. Geol. Soc., vol. 46, p. 12, pI. 3, figs. 1, 2, 3. The specimens identified by Prof . 
• Jones with B. lata are widely different from the typical OHnton form of this species, wbich is a true Beyricl1ia, but I 
cannot distinguish them from Bo1!ia symmetrica Hall, sp. 
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thick, in a ventral view resembling lips; surface of valves gently convex within the 

wide concave border; the central part of the upper half depressed around a narrow 

pit; ip front of the pit occasionally a slight rounded elevation. Surface beautifully 

marked with small pits closely arranged in concentric lines, usually less curved than 

the ventral outline of the valves. 

This is one of the prettiest of the numerous Ostracoda occurring in the Trenton 

of Minnesota. It is also one of the most easily recognized, the thick, lip-like edges, 

and the concentric surface markings being unusually distinctive. 

Formation and locality.-Near the top of the Galena shales, Goodhue county, Minnesota. 

Genus BEYRICHIA, McCoy. 

Beyrichia, McCoY, 1846. Synop. Silo Foss. Ireland, p. 57. 

Carapace small, equivalved, oblong or semiovate, with a straight dorsal and 

convex ventral outline. Typically each valve has two sulci and three lobes, of which 

the central one is the smallest; the two larger lobes often coalesce ventrally. Surface 

usually marked with pittings, reticulation, papillffi or other ornament. 

Type: Beyrichia klcedeni McCoy. 

This genus, after Leperditia, is the most important of all tbe generic groups of 

Paleozoic Ostracoda. Many of the species also, tbose of tbe Upper Silurian rocks 

especially, are comparatively large, specimens over 3 mm. in lengtb being not at all 

uncommon. The individuals, moreover, are generally abundant, layers of rock in 

many instances being crowded with, if indeed they are not largely made up of their 

separated valves. 

In the restricted sense in which the genus is here defined, the oldest known 

species is the Minnesota form about to be described.* It is from the middle third of 

the Trenton shales (~Black River group). Of the Trenton proper, B. bella Walcott, 

may belong to the genus, and I have a doubtful species from the Utica horizon at 

Cincinnati, Obio; but so far we know of no true Beyrichia from the Hudson River or 

Cincinnati group, those referred to the genus from tbis formation belonging to 

Ctenobolbina, Drepanella, Bollia, Tetradella, Ceratella and Primitia. In tbe Clinton, 

however, B. lata Hall (Vanuxem)t is a good species, and from here on to tbe close 

of the Carboniferous system the genus is more or less well represented in every 

group of strata. 

• Prof. T. Rupert Jones has described Beyrichia IlOlli from the Minffivian lings of Great Britain (Geol. Mag., n. ser., Dec. 
2, vol. 8, p. 343; 1881). but the affinities of the fossil seem to me as doubtful. 

tNot Bollia lata Jones, 1890; Quart. Jour. Geol. Soc., vol. 46, p. 12, pl. 3, figs. 1, 2, B. The speCimens identified by Prof . 
• Jones with B. lata are widely different from the typical Olinton form of this species, which is a t.rue Beyricl1ia, but I 
cannot distinguish them from Bonia Bymmetrica Hall, sp. 
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lBeyrichia initial!s. 

BEYRIOHIA INITIALIS, n. sp. 

PLAT1~ XLIII. FIGS. 82 and 83. 

SrzE.-Length 0.65 mOl.; hight 0.41 mm.: thickness 0.30 mm. 

Valves small, somewhat oblong, subquadrate; hinge line straight, nearly as long 

as the valve; dorsal angles distinct without being sharp; ventral margin but little 

convex, nearly parallel with the back; ends subequal, neither much curved; free 

margins with a distinct border or flange, turned outward. Middle lobe situated just 

above and a little in front of the center, rather low, rounded, not sharply separated 

from the anterior lobe; mesial sulcus deeper than the anterior, meeting beneath the 

small lobe; anterior lobe rather small, coalescing ventrally with the much larger 

posterior lobe, the junction faintly indicated. In the anterior part of the valve the 

surface is depressed, but in the upper corner a small tubercle is to be noticed. 

In this species the isolation of the small lobe has progressed beyond the limits 

of Prim£tia, and the result is sufficiently close to Beyrichia to be included in this 

genus. An approach toward Beyrichian characters is faintly indicated in Primitia 

rluplic(lta and P. tumidula, while the tendency to vary in this direction is much better 

expressed in certain varieties of P. cincinnatiensis Miller, and P.? parallela Ulrich .. » 

The latter might be called a Klwdenia, Jones and Holl, a genus that, with slight 

peculiarities of its own, seems to be nothing more than a recognition of one of the 

more permanent transitional types between Primitia and Beyrichia. 

Specifi?ally, B. irtitia1is is not likely to be confounded with any Lower Silurian 

ostracode known to me. N or is there any pressing need of comparing it with its 

much larger Upper Silurian congeners. 

F01'mation and locality.-Middle third of the Trenton shales, Minneapoli8, Minnesota. 

Genus EURYCHILIN A, Ulrich. 

EUl'ychilina. ULRICH, 1889, Contri. to Can. Micro-Pal., pt. 2, p. 52; also 1890, Jour. Cin. Soc. Nat. 
Rist., vol. xiii, p. 125. 

Carapace with a long, straight hinge line; semicircular, oblong-subquadrate, or 

somewhat rounded in outline; generally with a well-defined subcentral vertical 

sulcus and a more or less prominent node immedi~tely behind it. Except at the 

dorsal side, the valves are surrounded by a wide marginal area, externally either flat 

or convex and usually marked in a radial manner; on the inner side deeply concave, 

an outer wall being raised almost to the level of the true or closing edge of the valve; 

area terminated in most cases by a narrow rim-like border. Hinge simple. Surface 
beautifully reticulated, pitted, granulose or smooth. 

Type: E. J'eticulata Ulrich. 
'J"UI'. Cin. Soc. Nat. !list., vol. 1;), pl."10, figs. 5n and 15ll; 1890 
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BEYRIOHIA INITIALIS, n. sp. 

PLAT1~ XLIII. FIGS. 82 and 83. 

SIZE.-Length 0.65 mill.; hight 0.41 mm.: thickness 0.30 mm. 

Valves small, somewhat oblong, subquadrate; hinge line straight, nearly as long 

as the valve; dorsal angles distinct without being sharp; ventral margin but little 

convex, nearly parallel with the back; ends subequal, neither much curved; free 

margins with a distinct border or flange, turned outward. Middle lobe situated just 

above and a little in front of the center, rather low, rounded, not sharply separated 

from the anterior lobe; mesial sulcus deeper than the anterior, meeting beneath the 

small lobe; anterior lobe rather small, coalescing ventrally with the much larger 

posterior lobe, the junction fCLintly indicated. In the anterior part of the valve the 

surface is depressed, but in the upper corner a small tubercle is to be noticed. 

In this species the isolation of the small lobe has progressed beyond the limits 

of Primitia, and the result is sufficiently close to Beyrichia to be included in this 

genus. An approach toward Beyrichian characters is faintly indicated in Primitia 

duplic((ta and P. tumidula, while the tendency to vary in this direction is much better 

expressed in certain varieties of P. cincinnatiensis Miller, and P.? parallela Ulrich:;; 

The latter might be r.alled a Ktwdenia, Jones and Holl, a genus that, with slight 

peculiarities of its own, seems to be nothing more than a recognition of one of the 

more permanent transitional types between Primitia and Beyrichia. 

Specifi~ally, B. initialis is not likely to be confounded with any Lower Silurian 

ostracode known to me. Nor is there any pressing need of comparing it with its 
much larger Upper Silurian congeners. 

Formation and locality.-Middle third of the Trenton shales, Minneapolis, Minnesota. 

Genus EURYCHILINA, Ulrich. 

Ew'ychilina. ULRICII, 1889, Contri. to Can. Micro-PaL, pt. 2, p. 52; also 1890, Jour. Cin. Soc. Nat. 
Hi8t., vol. xiii, p. 125. 

Carapace with a long, straight hinge line; semicircular, oblong-subquadrate, or 

somewhat rouuded in outline; generally with a well-defined subcentral vertical 

sulcus and a more or less prominent node immedi~tely behind it. Except at the 

dorsal side, the valves are surrounded by a wide marginal area, externally either flat 

or convex anel usually marked in a radial manner; on the inner siele deeply concave, 

an outer wall being raised almost to the level of the true or closing edge of the valve; 

area terminated in most cases by a narrow rim-like border. Hinge simple. Surface 
beautifully reticulated, pitted, granulose or smooth. 

Type: E. J'eticulata Ulrich. 
'.J0l11'. Uio. Suc. Nat. lIist., vol. 13, pI. 10, fi?;s. 5(1 and 15,,; 1890 
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The principal peculiarity ofEurychilina is the hollow area surrounding, if not all, 

at any rate the greater part of the free margins of the valves. In PrimiUopsis, Jones, 

a concave area occurs also, but only at the anterior end. This marginal area is not to 

be compared with the outwardly similar "frill" of Beyrichiopsis, Jones and Kirkby, 

nor to the" false border" of Ceratella chambersi, Ctenobolbinrt ciliata or Primitia dupli

cata, since a distinct structure (i. e. an outer wall), wanting in those species, is required 

to form it. Moreover, an equivalent of the "frill" is also present as a narrow 

terminal border in most of the true species of Eurychilina. 

I say "true species of Eurychilina" because the genus as now understood 

includes some that are not strictly in accordance with the types. Regarding, of the 

species referred to the genus in 1890,* E. reUculata, E. subradiata, E. longula, E. 
granosa, E. manitobensis and probably E. a:qualis is in every respect typical, we still 

have to account for E. obesa and E. striatomarginata (Miller). After careful examina

tion I am ready to admit that tliese two species have not the required c?ncave 

marginal area. In these namely the marginal expansion is nothing more than a 

simple border or " frill." Now, what is to be done with them ~ Can they justly be 

retained under Eurychilina? I think not. 

In coming to this conclusion I have in mind the fact that anum ber of "frilled" 

primitian Ostracoda are known that seem to stand in close relationship with E. obesa 

and E. striatomarginata. One of these is here provisionally referred to Eurychilina 

(E. ? subcequata) while two more are among my undescribed species from the Trenton 

of New York. In glancing over Dr. Aurel Krause's papers on the Ostracoda which 

he has found in the Silurian boulders contained in the drift of northern Germany, I 

notice no less than seven species that strike me as belonging in this connection, 

viz: Primitia distans Krause, P. excavata K, P. elongata K, P. plana K, P. (Ulri'chia) 

umbonata K, Entomis flabellifera, K, and Beyrichia 1Yldians K. Of course, if all or a 

good proportion of these species prove to be congeneric and are to be viewed as a 

group by themselves and as distinct from Eurychilina, a new genus will have to be 

established for them. I would have proposed a name in this work had I not been 

assured of soon receiving specimens of Dr. Krause's species. When these arrive I 

hope to enter upon a more thorough investigation of the Beyrickiidce than I have 

yet been able to give them. 
--.-

• Jour. Cin. Soc. Nat. Hist., vol. 13, pp. 125-130. 

Eurychilina.j 
OSTRACODA. 

The principal peculiarity of Eurychilina is the hollow area surrounding if not all . , , 
at any rate the greater part of the free margins of the valves. In Pn'miUops/'s, .Jones, 

a concave area occurs also, but only at the anterior end. This marginal area is not to 

be compared with the outwardly similar" frill" of Beyrichiopsis, Jones and Kirkby, 

nor to the" false border" of Ceratella chambers/, Ctenobolbinll ciliata or Primilia dupli

cata, since a distinct structure (i. e. an outer wall), wanting in those species, is required 

to form it. Moreover, an equivalent of the "frill" is also present as a narrow 

terminal border in most of the true species of Eurychilina. 

I say" true species of Eurychilina" because the genus as now understood 

includes some that are not strictly in accordance with the types. Regarding, of the 

species referred to the genus in 1890,* E. reUculata, E. submdiata, E. longula, E. 

granosa, E. manitobensis and probably E. cequalis is in every respect typical, we still 

have to account for E. obesa and E. striatomarginata (Miller). After careful examina

tion I am ready to admit that these two species have not the required concave 

marginal area. In these namely the marginal expansion is nothing more than a 

simple border or "frill." Now, what is to be done with them? Can they justly be 

retained under Eurychilina? I think not. 

In coming to this conclusion I have in mind the fact that anum ber of "frilled" 

primitian Ostracoda are known that seem to stand in close relationship with E. ol)csa 

and E. striatomarginata. One of these is here provisionally referred to Eurychilin(( 

(E. ? subcequata) while two more are among my undescribed species from the Trenton 

of New York. In glancing over Dr. Aurel Krause's papers on the Ostracoda which 

he has found in the Silurian boulders contained in the drift of northern Germany, I 

notice no less than seven species that strike me as belonging in this connection, 

viz: Primitia distans Krause, P. excavata K, P. elongai(( K, P. plmw K, P. (Ulrichiu) 

umbonata K, Entomis fiabellifera K, and Beyrichi(( rod/ans K. Of course, if all or a 

good proportion of these species prove to be congeneric and are to be viewed as a 

group by themselves and as distinct from EurychiUn((, a new genus will have to be 

established for them. I would have proposed a name in this work had I not been 

assured of soon receiving specimens of Dr. Krause's species. When these arrive I 

hope to enter upon a more thorough investigation of the Beyrieliiidee than I have 

yet been able to give them . 

• Jour. Cin. Soc. Nat. Rist., vol. 13, pp. 125-130. 
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EURYCHILINA RETICULATA Ulrich, and var. INCURVA, n. val'. 

PLATE XLIV, FIGS. 1 and 2. 

Eurychilina reticulata ULRICH, 1889. Oontri. to Oan. Micro·Pa!., pt. 2, p. 52, p!. ix, figs. 9, 9a. 
Not Eurychilina Teticulata (Ulrich) JONES, 1890, Quart. Jour. Geol. Soc., vol. xlvi, p. 593, pI. xx, figs. 

13a, 13b. 

SrzE.-Without marginal area, length 1.83 mm.; hight 0.9 mm.; thickness 0.5 mm. 
With " " "~.40" "1.3" 

V a.lves, excluding the marginal area, nearly semicircular in outline, straight 

along the dorsal edge, moderately and almost uniformly convex; sulcus deep, extend

ing half way across the body, not as wide as in the next species, its outline more 

sharply defined behind and below than on the anterior side; above the sulcns expands 

and becomes very shallow, while at the midlength it is constricted by a rounded 

prominence on the posterior side; surface, except along the dorsal edge, beautifully 

reticulate. Marginal area wide, narrowest posteriorly; on the outer side it is flattened 

or concave, and slopes inwardly, especially at the ends; ventrally the edge rises to 

form a narrow, wavy. free border; surface marked by rad"iallines, strongest ventrally, 

least distinct anteriorly; at its junction with the body of the valve, a more or less 

elevated, linear ridge is usually present. Internal characters of valves and marginal 

area almost exactly as in the next species (see plate XLIV, fig. 3.) 

This fine species is perhaps the most beauWul of all the Paleozoic Ostracoda 

known to me, and wheu in a good state of preservation it is scarcely possible to 

confound it with any other. Yet, as cited above, Prof. Jones has referred a Devonian 

specimen from the Corniferous chert of New York to the same species. The 

characters of the valve figured by him are preserved in an empty mold, which in 

splitting the rock presented both an inner and an outer cast. Comparing these 

with the Minnesota species, I am obliged to differ weih Prof. Jones' determination. 

Indeed, I doubt if they are even congeneric. The ontline of the body of the valve 

is not semicircular in the Devonian species but has that oblique form which is 

commonly distinguished as "leperditoid." It is also proportionally a little higher, 

the reticulate ornament extends to the dorsal edge, the sulcus is shorter and much 

less defined, being merely a subcentral depression, and there is apparently no 

rounded prominence behind it. Further, the dimensions given by Prof. Jones show 

that his specimen is considerably larger than any Lower Silurian example of E. 

reticula/a so far seen, the length in the latter rarely, if ever, exc~eding 2.5 mm., 

while that of the Devonian form is stated to be 3.5 mm. These differences, if no 

others existed, would be sufficient to prove a distinct species. 

But they are not all, since his fig. l3b shows that the border was convex exteriorly 

while it should be flat or concave; and in fig. 13a, representing an impression of the 
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EURYCHILINA RETICULATA Ulrich, and var. INCURVA, n. val'. 

PLATE XLIV, FIGS. 1 and 2. 

Eurychilina reticulata ULRICH, 1889. Contri. to CaD. Micro-Pal., pt. 2, p. 52, pl. ix, figs. 9, 9a. 
Not Eurychilina retiwlata (Ulrich) JONES, 1890, Quart. Jour. Geal. Soc., vol. xlvi, p. 593, pI. xx, figs. 

13a, 13b. 

SIZE.-Without marginal area, length 1.83 mm.; hight 0.9 mm.; thickness 0.5 mm. 
With " " "2.40" "1.3" 

V 311 ves, excluding the marginal area, nearly semicircular in outline, straight 

along the dorsal edge, moderately and almost uniformly convex; sulcus deep, extend

ing half way across the body, not as wide as in the next species, its outline more 

sharply defined behind and below than on the anterior side; above the sulcus expands 

and becomes very shallow, while at the midlength it is constricted by a rounded 

prominence on the posterior side; surface, except along the dorsal edge, beautifully 

reticulate. Marginal area wide, narrowest posteriorly; on the outer side it is flattened 

or concave, and slopes inwardly, especially at the ends; ventrally the edge rises to 

form a narrow, wavy. free border; surface marked by radial lines, strongest ventrally, 

least distinct anteriorly; at its junction with the body of the valve, a more or less 

elevated, linear ridge is usually present. Internal characters of valves and marginal 

area almost exactly as in the next species (see plate XLIV, fig. 3.) 

This fine species is perhaps the most beaur,iful of all the Paleozoic Ostracoda 

known to me, and when in a good state of preservation it is scarcely possible to 

confound it with any other. Yet, as cited above, Prof. Jones has referred a Devonian 

specimen from the Corniferous chert of New York to the same species. The 

characters of the valve figured by him are preserved in an empty mold, which in 

splitting the rock presented both an inner and an outer cast. Comparing these 

with the Minnesota species, I am obliged to differ wtih Prof. Jones' determination. 

Indeed, I doubt if they are even congeneric. The ontline of the body of the valve 

is not semicircular in the Devonian species but has that oblique form which is 

commonly distingnished as "leperditoid." It is also proportionally a little higher, 

the reticnlate ornament extends to the dorsal edge, the sulcus is shorter and mnch 

less defined, being merely a subcentral depression, and there is apparently no 

rounded prominence behind it. Further, the dimensions given by Prof. Jones show 

that his specimen is considerably larger than any Lower Silurian example of E. 
1'eficulala so far seen, the length in the latter rarely, if ever, exc~eding 2.5 mm., 

while that of the Devonian form is stated to be 3.5 mm. These differences, if no 

others existed, would be sufficient to prove a distinct species. 

Dnt they are not all, since his fig. 13b shows that the border was convex exteriorly 

while it should be flat or concave; and in fig. 13a, representing an impre8sion of the 
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inner side of the valve, we see nothing of the outer wall of the marginal area. The 

last I regard as the most important difference, since, if the faets are correctly repre

sented in Prof. Jones' figures it would remove his species from the typical section of 

Eurychilina to that distinct group of species which is defined on a preceding page 
in the remarks following the generic description. 

Variety INCURVA, n. val'. Plate XLIV, Fig. 2. 

This subordinate name is proposed for a variety of this species that is rarely 

associated with more typical specimens in the upper third of the Trenton shales, the 

highest horizon in which this species is known to occur. The variety is a little 

smaller than full grown specimens of the typical form, and more rounded in the 

posterior outline. More striking differences however are seen in the marginal 

area. This, instead of being concave and curved outward, is convex and incurved, 

its width is less and more equal, the radii very indistinct and the terminal border 

more sharply defined. These differences produce a form closely resembling the 

Kentucky species E. granvsa. We except of course the ornamentation, the two being 
very different in this respect. 

Formation and locality -Ranges from the lower Trenton 1 i mestone to the upper third of the Tren
ton Rhales; Minneapolis, St. Paul, Cannon Falls, and near Fountain, Minnesota. The species is not 
abundant anywhere, only about twenty specimens in all having been seen. Variety incnrva occurs as far 
as known only at St. Paul. 

EURYCHILINA SUBRADIATA Ulrich. 

PLATE XLIV, FIGS. a. 4.4(,. 

Eurychilina subradiata ULRICH, ]890. Jour. Cin. Soc. Nat. Rist., vol. xiii, p. 126. 

SIZE.-Without marginal area, length 1. 75 mm.; hight 0.9 mm.; thickness 0.50 mm. 
With marginal area, length 2.32 mm.; hight 1.3 mm. 

Body of valves almost exactly semicircular in outline, with the surface highest 

along an obtuse ridge-like prominence, running lengthwise across the central portion 

of the valve and from the summit of which the surface descends with a distinctly 

concave slope to the thickened dorsal edge; on the opposite or ventral side the slope 

is more gently concave or flat; anterior extremity compressed; sulcus deep and 

unusually wide, beginning a little within the dorsal margin and extending half way 

across the body, its lower and posterior margins thickened and sharply defined; just 

back of the sulcus a large round tubercle; surface appearing smooth in some speci

mens, but usually it is pitted as shown in fig. 4. Marginal area nearly fiat, the inner 

'. edge rising abruptly and forming a low, sloping wall around the body, the outer 

edge formed by a sbarply elevated narrow border; posterior and ventral portions of 

area bolding about tbe same width, but at the anterior end it is usually much less; 

e~ternal surface of area with more or less obscure radial furrows. Inner side of 
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inner side of the valve, we see nothing of the outer wall of the marginal area. The 

last I regard as the most important difference, since, if the fads are correctly repre

sented in Prof. Jones' figures it would remove his species from the typical section of 

Eurychilina to that distinct group of species which is defined on a preceding page 

in the remarks following the generic description. 

Variety INCURVA, n. var. Plate XLIV, Fig. 2. 

This subordinate name is proposed for a variety of this species that is rarely 

associated with more typical specimens in the upper third of the Trenton shales, the 

highest horizon in which this species is known to occur. The variety is a little 

smaller than full grown specimens of the typical form, and more rounded in the 

posterior outline. More striking differences however are seen in the marginal 

area. This, instead of being concave and curved outward, is convex and incurved, 

its width is less and more equal, the radii very indistinct and the terminal border 

more sharply defined. These differences produce a form closely resembling the 

Kentucky species E. granvsa. We except of course the ornamentation, the two being 

very different in this respect. 

Formation and locality -Ranges from the lower Trenton limestone to tbe upper thirdof the Tren
ton RhaJes; Minneapolis, St. PaUl, Cannon Falls, and near Fountain, Minnesota. The species is not 
abundant anywhere, only about twenty specimens in all having been seen. Variety incnrva occurs as far 
as known only at St. Paul. 

EURYCHILINA SUBRADIATA Uln·ch. 

PLATE XLIV, FIGS. 3, 4. 4a. 

Eurychilina subradiata ULRICH, ]890. Jour. Cin. Soc. Nat. Hist., vol. xiii, p. 126. 

SrzE.-Without marginal area, length 1. 75 mm.; hight 0.9 mm.; thickness 0.50 mm. 
With marginal area, length 2.32 mm.; hight 1. 3 mm. 

Body of valves almost exactly semicircular in outline, with the surface highest 

along an obtuse ridge-like prominence, running lengthwise across the central portion 

of the valve and from the summit of which the surface descends with a distinctly 

concave slope to the thickened dorsal edge; on the opposite or ventral side the slope 

is more gently concave or flat; anterior extremity compressed; sulcus deep and 

unusually wide, beginning a little within the dorsal margin and extending half way 

across the body, its lower and posterior margins thickened and sharply defined; just 

back of the sulcus a large round tubercle; surface appearing smooth in some speci

mens, but usually it is pitted as shown in fig. 4. Marginal area nearly fiat, the inner 

'. edge rising abruptly and forming a low, sloping wall around the body, the outer 

edge formed by a sharply elevated narrow border; posterior and ventral portions of 

area holding about the same width, but at the anterior end it is usually much less; 

external surface of area with more or less obscure radial furrows. Inner side of 
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marginal area strongly concave, the outer wan well developed and extending from 

near the post-dorsal angle around the ventral side and about half way up the anterior 

side. In perfect specimens the dorsal angles are prominent. 

The pinched appearance of the central portion of the valves, pitted instead of 

reticulated surface, stronger tubercle, wider sulcus and more abruptly elevated 

marginal area, together with other differences readily distinguish this species from 

E. reticttlata, E .manitobensis and E. longula. 

The original types of the species occurred in a hard limestone, and appeared to 

be without pitting of the surface; but a re-examination proved that the shell is 

usually exfoliated in specimens obtained by splitting the limestone blocks. The 

Minnesota specimens are mostly preserved in soft shale and in many cases are very 
perfect. 

Formation and locality.--" Lower Blue limestone" of the Trenton formation, Dixon, Illinois, and 
Mineral Point, Wisconsin; Birdseye or "Glade" limestone, Lebanon, Tennessee; rather abundant in the 
lower third of the Trenton shales (Stictoporella bed) at Minneapolis, St. Paul, Cannon Falls and Oxford 
Mills, Minnesota. 

EURYCHILINA VENTROSA, n. sp. 

PLATE XLV. FIGS. 1-3. 

SrZE.- Without marginal area, length I.S2 mm.; hight LOS mm.; thickness O.S mm. 
With marginal area, length 2.40 mm.; hight I.E> mm. 

This species is considerably like E. subradiata but the body of the valve is more 

convex and the outline much more oblique. It is also a little shorter. The marginal 

~trea has about the same width in the two species but it does not rise so abruptly 

and on the whole is convex in E. ventrosa, while the ends are not produced above 

into sharp angles. The border is peculiar also in front where it is bent so as to form 

an angle of about 45° with the plane of the valves. But the principal peculiarity of 

the border lies in a strong swelling which takes up its entire ventral part. Surface 

of valves with obscure traces of large shallow pits. Tubercle strongly developed. 

The ventral swelling of the marginal area is a peculiar feature, and so far as I 

can see, normal. A similar though weaker and longer swelling occurs in four valves 

found associated with E. subradiata at Minneapolis. As these specimens howeve~ 
are typical of that species in all other respects, they probably represent a variety 

that subsequently changed to the form now called E. ventrosa. 

Formation andJocality.-Upper portion of the Galena shales (base of Fusispira bed) near Cannon 
Falls, Minnesota. 
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marginal area strongly concave, the outer wall well developed and extending from 

near the post-dorsal angle around the ventral side and about half way up the anterior 

side. In perfect specimens the dorsal angles are prominent. 

The pinched appearance of the central portion of the valves, pitted instead of 

reticulated surface, stronger tubercle, wider sulcus and more abruptly elevated 

marginal area, together with other differences readily distinguish this species from 

E. reticttlata, E. manitobensis and E. longula. 

The original types of the species occurred in a hard limestone, and appeared to 

be without pitting of the surface; but a re-examination proved that the shell is 

usually exfoliated in specimens obtained by splitting the limestone blocks. The 

Minnesota specimens are mostly preserved in soft shale and in many cases are very 
perfect. 

Formation and locality.--" Lower Blue limestone" of the Trenton formation, Dixon, Illinois, and 
Mineral Point, Wisconsin; Birdseye or "Glade" limestone, Lebanon, Tennessee; rather abundant in the 
lower third of the Trenton shales (Stictoporella bed) at Minneapolis, St. Paul, Cannon Falls and Oxford 
Mills, Minnesota. 

EURYCHILINA VENTROSA, n. sp. 

PLATE XLV, FIGS. 1-3. 

SrZE.- Without marginal area, length 1.82 mm.; hight 1.08 mm.; thickness 0.8 mm. 
With marginal area, length 2.40 mm.; hight I.E> mm. 

This species is considerably like E. subradiata but the body of the valve is more 

convex and the outline much more oblique. It is also a little shorter. The marginal 

cLrea has about the same width in the two species but it does not rise so abruptly 

and on the whole is convex in E. ventrosa, while the ends are not produced above 

into sharp angles. The border is peculiar also in front where it is bent so as to form 

an angle of about 45° with the plane of the valves. But the principal peculiarity of 

the border lies in a strong swelling which takes up its entire ventral part. Surface 

of valves with obscure traces of large shallow pits. Tubercle strongly developed. 

The ventral swelling of the marginal area is a peculiar feature, and so far as I 

can see, normal. A similar though weaker and longer swelling occurs in four valves 

found associated with E. subradiata at Minneapolis. As these specimens howeve~ 

are typical of that species in all other respects, they probably represent a variety 

that subsequently changed to the form now called E. ventrosa. 

Formation andJocality.-Upper portion of the Galena shales (base of Fusispira bed) near Cannon 
Falls, Minnesota. 
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EURYCHILINA? SUBJEQUATA, n. S1'. 

PLA'l'E XLV. FIGS. 7-9. 

SIZE.-;-Without border, length 1.55 mm.; hi/lht 0.85 mm.; thickness 0.58 mm. 
With border, length 1. 80 mm.; hight 1. 05 mm. 

Valves quadrate-subelliptical in outline, strongly convex, with the dorsal angles 

obtuse, the ends rounded, and the dorsal and ventral margins nearly parallel. Body 

of valve rather uniformly con vex, with the anterior end a trifle more obliquely 

rounded than the posterior. Sulcus situated a little behind the center, deep, narrow, 

beginning at the straight dorsal border and terminating abruptly at a point less than 

one-third of the hight of the val ve beneath it. On each side of the sulcus the surface 

rises into a low eminence, one, supposed to be the posterior, a little higher thew the 

other. Central portion of surface exhibiting numerous, rather irregularly distribu

ted pustules. Border not defined by an impressed suture line, flattened exeept at its 

extreme outer edge where it bends suddenly inward. Its surface presents more or 

less obscure radial series of minute granules, most distinct on the ventral portion 

where the border is also the widest. 
As stated under the generic description, this is one of a number of species 

belonging to an undescribed genus. Of these forms E. ? striatomarginata Miller, 

from the uppermost beds of the Cincinnati formation, and E. ? obesa Ulrich, from 

the Birdseye limestone of Kentucky, are probably the nearest. The first is less 

convex, has a different sulcus and a wider border, marked with fine radiating lines 

instead of rows of granules. The latter agrees very well in most respects but may 

be distinguished at once by the absence of any well defined sulcus. 

Formation and locality.-Upper third of the Trenton shales (Phylloporina bed), St. Paul, Minnesota. 

EURYCHILINA ? SYMMETRICA, n. sp. 

PLATE XLI,V. FIGS. 5-7. PLATE XLV. FIGS. 4-6 .. 

SIZE.-Length 1.8 mm.; hight 1.1 mm.; thickness 0.4 mm. 
Length 1.7 mm.; hight 1.08 mm. 

Valves subelliptical or somewhat quadrate, equilateral, greatly compressed, 

1.6-2.0 mm. in length. Dorsal margin straight or slightly convex, a little shorter 

than the valve; dorsal angles not very sharp; ventral margin semielliptical, curving 

neatly into the rounded ends. Body of valve flattened, but rising at two points near 

the hinge, each situated about midway between the dorsal angles and the center, 

into two, more or less prominent, large subequal rounded tubercles. These are 

connected by a thin ridge, the two bulbs and connecting bar resembling the old (, bar 

shot.." Surface bl(;adly excavated centrally, and markEd with obtcure pitE'. Marginal 
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EURYCHILINA? SUBJEQUATA, n. S1'. 

PLA'l'E XLV. FIGS. 7-9. 

SlZE.-;-Without border, length 1.55 mm.; hi/lht 0.85 mm.; thickness 0.58 mm. 
With border, length 1. SO mm.; hight I. 05 mm. 

Valves quadrate-subelliptical in outline, strongly convex, with the dorsal angles 

obtme, the ends rounded, and the dorsal and ventral margins nearly parallel. Body 

of valve rather uniformly con vex, with the anterior end a trifle more obliquely 

rounded than the posterior. Sulcus situated a little behind the center, deep, narrow, 

beginning at the straight dorsal border and terminating abruptly at a point less than 

one-third of the hight of the val ve beneath it. On each side of the sulcus the surface 

rises into a low eminence, one, supposed to be the posterior, a little higher theW the 

other. Central portion of surface exhibiting numerous, rather irregularly distribu

ted pustules. Border not defined by an impressed suture line, flattened exeept at its 

extreme outer edge where it bends suddenly inward. Its surface presents more or 

less obscure radial series of minute granules, most distinct on the ventral portion 

where the border is also the widest. 

As stated under the generic description, this is one of a number of speCles 

belonging to an undescribed genus. Of these forms E. ? striatomarginata Miller, 

from the uppermost beds of the Cincinnati formation, and E. ? obesa Ulrich, from 

the Birdseye limestone of Kentucky, are probably the nearest. The first is less 

convex, has a different sulcus and a wider border, marked with fine radiating lines 

instead of rows of granules. The latter agrees very well in most respects but may 

be distinguished at once by the absence of any well defined sulcus. 

Formation ancllocality.- Upper third of the Trenton shales (Pbylloporina bed), St. Paul, Minnesota. 

EURYCHILINA ? SYMMETRICA, n. sp. 

PLATE XLI;V. FIGS. 5-7. PLATE XLV, FIGS, 4-6 .. 

SIZE.-Length 1.S mm.; hight 1.1 mm.; tbickness 0.4 mm. 
Length 1.7 mm.: hight 1.08 mm. 

Valves subelliptical or somewhat quadrate, equilateral, greatly compressed, 

1.6-2.0 mm. in length. Dorsal margin straight or slightly convex, a little shorter 

than the valve; dorsal angles not very sharp; ventral margin semielliptical, curving 

neatly into the rounded ends. Body of valve flattened, but rising at two points near 

the hinge, each situated about midway between the dorsal angles and the center, 

into two, more or less prominent, large subequal rounded tubercles. These are 

connected by a thin ridge, the two bulbs and connecting bar resembling the old" bar 

shot.." Surface blCadly excavated ceniraJly, and markEd with obtcure pitl:l. Marginal 
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area convex, about 0.3 mm. wide along the ventral edge, the width decreasing rapidly 

in nearing the dorsal angles; ventral two-thirds surmounted by a narrow, crescent

shaped thickening, depressed centrally, and marked with rather large elongated and 

concentrically arranged pits. 
The affinities of this remarkable species are very uncertain, and it is only 

provisionally placed under Eurychilina. Perhaps it can go into the new genus with 

E. ? subcequata and the other species mentioned on p. 659. On the other han-d, the 

two dorsal tubercles may indicate a remote relationship with Ulrichia. Whatever 

position it may ultimately occupy in classification, it is safe to say that it now 

stands quite alone. 

Formation and locality.-Upper third of the Trenton shales (Phylloporina bed), St. Paul and near 
Cannon Falls, Minnesota. 

Genus DICRA NELLA, n. gen. 

Valves equal, similar to those of Primitia, excepting that they have" frilled" 

margins, while each side of the sulcus is raised into a more or less prominent horn-like 

process. These prominences are directed dorsally and may be subequal, or the 

posterior one may be much the smaller. 

Type: D. bicot'nis, n. sp, 

Though doubtlessly embracing a good generic type, it is as yet scarcely possible 

to give a satisfactory diagnosis of this new genus. Two of the following species, the 

type and D. spinosa, are certainly congeneric, and the third, D. marginata, probably 

also. But the fourth, D.? simplex, is one of four species which, while closely related 

among themselves, are, to say the least, only doubtful members of this genus. Two 

of these four species Prof. T. Rupert Jones recently described as Ulrichia nicholsoni 

and U. marrii (Quart. Jour. Geol. Soc., vol. 49, p. 294; 1893) while the third, Leperditia 

byrnetii Miller, he refers (op. cit., vol. 46, p. 12; 1890) to the genus 2Echmina. According 

to my estimate of these species, they should not be referred to 2Echmina because, 

instead of a single horn-like prominence rising from the center of the dorsal slope, 

they have two, one subcentral, the other behind it, while between them there is 

more or less of a notch or sulcus. In Utrichia the two generic knobs are merely 

rounded prominences or tubercles on the surface of the valves, never horn-like, nor 

are their apices turned toward or beyond the dorsal margin. The probabilities are 

that th.e affinities of 2Echmina and Ulrichia are widely different, and it would be good 

policy, for the present at least, to restrict their application to forms in which the 
generic features are sharply defined. 

As to these four doubtful species, they are, it seems to me, clearly nearer 

Dicranella than the other genera to which they have been referred. The answer to 
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area convex, about 0.3 mm. wide along the ventral edge, the width decreasing rapidly 

in nearing the dorsal angles; ventral two-thirds surmounted by a narrow, crescent

shaped thickening, depressed centrally. and marked with rather large elongated and 

concentrically ananged pits. 
The affinities of this remarkable species are very uncertain, and it is only 

provisionally placed under Eurychilina. Perhaps it can go into the new genus with 

E. ? subcequata and the other species mentioned on p. 659. On the other hand, the 

two dorsal tubercles may indicate a remote relationship with Ulrichia. Whatever 

position it may ultimately occupy in classific<Ltion, it is safe to say that it now 

stands quite alone. 

Formation and locality.-Upper third of the Trenton shales (Phylloporina bed), St. Paul and near 
Cannon Falls, Minnesota. 

Genus DICRANELLA, n. gen. 

Valves equal, similar to those of Primitia, excepting that they have "frilled" 

margins, while each side of the sulcus is raised into a more or less prominent horn-like 

process. These prominences are directed dorsally and may be subequal, or the 

posterior one may be much the smaller. 

Type: D. bicornis, n. sp. 

Though doubtlessly embracing a good generic type, it is as yet scarcely possible 

to give a satisfactory diagnosis of this new genus. Two of the following species, the 

type and D. spinosa, are certainly congeneric, and the third, D. marginata, probably 

also. But the fourth, D. ? simplex, is one of four species which, while closely related 

among themselves, are, to say the least, only doubtful member8 of this genus. Two 

of these four species Prof. T. Rupert Jones recently described as Ulrichia nicholsoni 

and U. marrii (Quart. Jour. Geol. Soc., vol. 49, p. 294; 1893) while the third, Leperditia 

byrne;.:i Miller, he refers (op. cit., vol. 46, p. 12; 1890) to the genus LEchmina. According 

to my estimate of these species, they should not be referred to LEchmina because, 

instead of a single horn-like prominence rising from the center of the dorsal slope, 

they have two, one subcentral, the other behind it., while between them there is 

more or less of a notch or sulcus. In Utrichia the two generic knobs are merely 

rounded prominences or tubercles on the surface of the valves, never horn-like, nor 

are their apices turned toward or beyond the dorsal margin. The probabilities are 

that the affinities of LEchmina and Ulrichia are widely different, and it would be good 

policy, for the present at least, to restrict their application to forms in which the 
generic features are sharply defined. 

As to these four doubtful species, they are, it seems to me, clearly nearer 

Dicranella than the other genera to which they have been referred. The answer to 
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the question, are they really congeneric with the typical species ~, depends, I should 

say, entirely upon the significance we attach to the presence or absence of the 

marginal frill. Believing that further investigations are desirable, I shall not 

attempt to decide the question now. In the mea~time the new species may be 

known as a doubtful Dicranella, while the others had best remain where Prof. Jones 

has placed them. 

DICRANELLA BICORNIS, n. sp. 

PLATE XLIV, FIG. 26. PLATE XLVI, FIGS. ;;9-40. 

SIZE.-Without border, length 1.5 mm.; hight 0.83 mm.; thickness 0.4 lIIIll. 
With border, length 1.8 mm.; hight] .02 mm. 

Valves oblong, straight dorsally, rounded ventrally and at the ends, the latter 

nearly equal. Two large, subequal, diverging, horn-like processes, angular in cross

section, arise behind the center of the dorsal half and project far beyond the dorsal 

edge; between their bases a suboval depression; lower half of posterior horn with a 

large rounded swelling. Outline of valves marked by a sharply defined, linear ridge; 

beyond this a wide but very thin, smooth border or frill, usually bending outward 

at the edge; border narrowest anteriorly, widest below. 

This species is so easily recognized by its "horns," that comparisons are quite 

unnecessary. 

Formation and locality.-L0wer and middle thirds of the Trenton shales (Stictoporella and Rhini
dictya beds), Minneapolis and St. Paul, Minnesota. 

DICRANELLA SPINOSA, n. sp. 

PLATE XLIV, FIG. 23. PLATE XLVI, FIG. 41. 

SIZE.- Length (including border) t.5 mm.; hight 0.8 mm.; thickness 0.45 mm. 

This species is similar to D. bicornis but the valves are a little longer, and the 

"horns" begin lower down on the valves and are not carinated, while the posterior 

one is shorter, and seems not to extend beyond the rounded swelling. The border 

also seems not to have been developed anteriorly, while along the ventral edge it is 

usually replaced by a series of spines. Posteriorly it has about the same width as 

in D. bicornis, but is ornamented with radial furrows instead of being plain. 

Formation and locality.-Middle third of the Trenton shales (Rhinidictya bed), Minneapolis, Mino. 
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the question, are they really congeneric with the typical species ~, depends, I should 

say, entirely upon the significance we attach to the presence or absence of the 

marginal frill. Believing that further investigations are desirable, I shall not 

attempt to decide the question now. In the mea?time the new species may be 

known as a doubtful Dicranella, while the others had best remain where Prof. Jones 

has placed them. 

DICRANELLA BICORNIS, n. sp. 

PLATE XLIV, FIG. 26. PLATE XLVI, FIGS. :)0-40. 

SIZE.-Without border, length 1.5 mm.; hight 0.83 mm.; thickness 0.4 lum. 
With border, length 1.8 mm.; hight 1.02 mm. 

Valves oblong, straight dorsally, rounded ventrally and at the ends, the latter 

nearly equaL Two large, subequal, diverging, horn-like processes, angular in cross

section, arise behind the center of the dorsal half and project far beyond the dorsal 

edge; between their bases a suboval depression; lower half of posterior horn with a 

large rounded swelling. Outline of valves marked by a sharply defined, linear ridge; 

beyond this a wide but very thin, smooth border or frill, usually bending outward 

at the edge; border narrowest anteriorly, widest below. 

This species is so easily recognized by its" horns," that comparisons are quite 

unnecessary. 

Formatiun and locality.-Lr)wer and middle thirds of the Trenton shales (Stictoporella and Rhini
dictya beds), Minneapolis and St. Paul, Minnesota. 

DICRANELLA SPINOSA, n. sp. 

PLATE XLIV, FIG. 23. PLATE XLVI, FIG. 41. 

SrzE.-Length (including border) 1.5 mm.; hight 0.8 mm.; thickness 0.45 mm. 

This species is similar to D. bicornis but the valves are a little longer, and the 

" horns" begin lower down on the valves and are not carinated, while the posterior 

one is shorter, and seems not to extend beyond the rounded swelling. The border 

also seems not to have been developed anteriorly, while along the ventral edge it is 

usually replaced by a series of spines. Posteriorly it has about the same width as 

in D. bicornis, but is ornamented with radial furrows instead of being plain. 

Formation and locality.-Middle third of the Trenton shales (Rhinidictya bed), Minneapolis, Minn. 
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DICRANELLA MARGINATA, n. sp. 

PLATE XLIV, FIGS. 27-28. 

SIzF..-Length 1.7 mm.; hight 1.22 mm; thickness 1.0 mm. 

In this species the valves are much higher, especially in the posterior part, than 

in the two preceding species, the border, though wanting anteriorly, is much thicker 

and projects outward as much as downward or forward, while, instead of horn-like 

processes, we have two very unequal lobes, the posterior of which is comparatively 

very small, failing to reach the dorsal edge by a distance almost equalling its length, 

the anterior one (centrally situated) large, swollen in the middle, high and obtusely 

pointed above, the extremity reaching the dorsal edge or projecting slightly beyond 

it. The whole carapace also is thicker and has a more robust appearance. The 

peculiarities are strongly marked and conspicuous, and it does not seem likely that 

collectors will experience any trouble in recognizing the species. 

Formation and locality.-Lower part of the Trenton shales (Rhinidictya bed), near Fountain, 
Minnesota. 

DICRANELLA ~ SIMPLEX, n. sp. 

PLATE XLIV, FIGS. 24-25. PLATE XLVI, FIG. 42. 

SrzE.-Leogth 0.98 mm.; hight 0.67 mm.; thickness 0.35 mm. 

Valves moderately convex, subelliptical; dorsal angles rounded, hinge line rather 

short; ends equal, rounded; ventral margin rather strongly convex; edges simple, 

without bord6r. A strongly elevated, oblique, conical prominence just within and 

behind the center of the dorsal edge; another large tubercle, in this case rounded 

instead of conical and ovate in outline, near the center of the posterior half and like 

the other reaching the dorsal edge; between the two a rather deep sulcus. A third 

tubercle, of irregular form and nearly as large as the second, occurs just within the 

upper half of the posterior edge. 

This species is evidently related to the Cincinnati form first called Leperditia 
byrnesi by Mr. Miller, and recently referred to ./Echmina by Prof. Jones. That species 

however has only one posterior tubercle and a central oblique spine, while D. ? sim
plex has all three. The outline of the latter also is more convex ventr:ally. Of 

Minnesota Ostracoda, there is none sufficiently like it to require comparisons. 

Formation and locality.-Lower part of the Trenton shales (Rhinidictya bed), near Fountain, Minn. 
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DICRANELLA MARGINATA, n. sp. 

PLATE XLIV, FIGS. 27-28. 

SIZR.-Length 1.7 mm.; hight 1.22 mm; thickness 1.0 mm. 

In this species the valves are much higher, especially in the posterior part, than 

in the two preceding :species, the border, though wanting anteriorly, is much thicker 

and projects outward as much as downward or forward, while, instead of horn-like 

processes, we have two very unequal lobes, the posterior of which is comparatively 

very small, failing to reach the dorsal edge by a distance almost equalling its length, 

the anterior one (centrally situated) large, swollen in the middle, high and obtusely 

pointed above, the extremity reaching the dorsal edge or projecting slightly beyond 

it. The whole carapace also is thicker and has a more robust appearance. The 

peculiarities are strongly marked and conspicuous, and it does not seem likely that 

collectors will experience any trouble in recognizing the species. 

Formation and locality.-Lower part of the Trenton shales (Rhinidictya bed), near Fountain, 
Minnesuta. 

DICRANELLA ? SIMPLEX, n. sp. 

PLATE XLIV, FIGS. 24-25. PLATE XLVI, FIG. 42. 

SIZE.-Length 0.98 mm.; hight 0.67 mm.; thickness 0.35 mm. 

Val ves moderately convex, sub elliptical ; dorsal angles rounded, hinge line rather 

short; ends equal, rounded; ventral margin rather strongly convex; edges simple, 

without bordtr. A strongly elevated, oblique, conical prominence just within and 

behind the center of the dorsal edge; another large tubercle, in this case rounded 

instead of conical and ovate in outline, near the center of the posterior half and like 

the other reaching the dorsal edge; between the two a rather deep sulcus. A third 

tubercle, of irregular form and nearly as large as the second, occurs just within the 

upper half of the posterior edge. 

This species is evidently related to the Cincinnati form first called Leperditia 

byrnesi by Mr. Miller, and recently referred to ./Echmina by Prof. Jones. That species 

however has only one posterior tubercle and a central oblique spine, while D. ? sim

IJlex has all three. The outline of the latter also is more convex ventrally. Of 

Minnesota Ostracoda, there is none sufficiently like it to require comparisons. 

Formation and locality.-Lower part of the Trenton shales (Rhinidictya bed), near Fountain, Minn. 
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Genus JONESELLA Ulrich. 

Jonesella ULRICH, 1890. Jour. Cin. Soc. Nat. Rist., vol. xiii, p. 121. 

Carapace small, equivalved, moderately convex, oblong-subovate; hin~e straight. 

Valves with a curved ridge on the posterior half or two-thirds. This ridge may he 

variously modified, but in the typical species it is thin and bent like a horseshoe, in 

another the anterior arm is horizontal instead of vertical, while in a third the two 

arms are divided. Edges simple or faintly bordered. 

Type: J. crepidiformis Ulrich. 

a.. d. 

Fig. 47.-a, b, c, lateral, posterior, and ventral views of an entire carapace of Jonesella crepidiformis 
Ulrich; d, left valve of J. pedigera Ulrich; all about x 20. Both species are from the lower beds of the 
Cincinnati group at COVington, Kentucky. 

The affinities of this genus, which includes so far as known only Lower Silurian 

species, appear to be with Bollia, Jones and Holl. But the horseshoe ridge in all 

true species of that genus is subcentral, while the edges of the val ves are thickened 

into a more or less well-developed marginal ridge, no trace of which is apparent in 

Jonesella. The new species about to be described is peculiar in the faint develop

ment of the loop, and in the shortness of the horseshoe. In.1. crepid~formis, as may 

be seen in the above cut, the ridge takes up the greater part of the posterior half. 

Still, a general agreement of parts between the two species is obvious, so that .1. 

obseura may well be accepted as an incipient Jonesella. On the other hand, the 

prominent upper extremities of the bent ridge, remind considerably of certain species 

of Ulrichia, but as the whole carapace recalls Bollia quite as much, if not more, it is 

to be assumed that these resemblances indicate family relationship rather than 

generic. As usual with early types of life, the Lower Silurian Ostracoda are apt to 

be of a composite nature, and the determination of the really significant features of 

such forms, so far as generic and specific alliances are concerned, is never certain 

except through minute genealogical investigations. But this touches upon too large 

a subject for the present work. 
In the original work on the genus I included a Minnesota species, under the name 

of J. crassa, that I shall now place elsewhere, because it seems to belong to another 

line of development, namely, it is closely related to Ctenobolbina fulcrata. For 

further remarks on this and related species see under Cfenobolbina. 
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Genus JONESELLA Ulrich. 

Jonesella ULRICH, 1890. Jour. Cin. Soc. Nat. Hist., vol. xiii, p. 121. 

Carapace small, equivalved, moderately convex, oblong-wbovate; hin~e straight. 

Valves with a curved ridge on the posterior half or two-thirds. This ridge may be 

variously modified, but in the typical species it is thin and bent like a horseshoe, in 

another the anterior arm is horizontal instead of vertical, while in a third the two 

arms are divided. Edges simple or faintly bordered. 

Type: J. crepidiforrnis Ulrich. 

a.. d. 

Fig. 47.-a, b, c, lateral, posterior, and ventral views of an entire carapace of Jonesella crepidifor"lnis 
Ulrich; d, left val ve of J. pedigera Ulrich; all about x 20. Both species are from the lower beds of tho 
Cincinnati group at Covington, Kentucky. 

The affinities of this genus, which includes so far as known only Lower Silurian 

species, appear to be with Bollia, Jones and Holl. But the horseshoe ridge in all 

true species of that genus is sub central, while the edges of the val ves are thickened 

into a more or less well-developed marginal ridge, no trace of which is apparent in 

Jonesella. The new species about to be described is peculiar in the faint develop

ment of the loop, and in the shortness of the horseshoe. In.1. crepid~formis, as may 

be seen in the above cut, the ridge takes up the greater part of the posterior half. 

Still, a general agreement of parts between the two species is obvious, so that .1. 

obseura may well be accepted as an incipient Jonesella. On the other hand, the 

prominent upper extremities of the bent ridge, remind considerably of certain species 

of Ulrichia, but as the whole carapace recalls Bollia quite as much, if not more, it is 

to be assumed that these resemblances indicate family relationship rather than 

generic. As usual with early types of life, the Lower Silurian Ostracoda are apt to 

be of a composite nature, and the determination of the really significant features of 

such forms, so far as generic and specific alliances are concerned, is never certain 

except through minute genealogical investigations. But this touches upon too large 

a subject for the present work. 

In the original work on the genus I included a Minnesota species, under the name 

of J. crassa, that I shall now place elsewhere, because it seems to belong to another 

line of development, namely, it is closely related to Ctenobolbina fulcrata. For 

further remarks on this and related species see under Cfenobolbina. 
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[J onesella obscura. 

J ONESELLA OBSCURA, n. sp. 

PLATE XLIV. FIGS. 17-19. 

SIZE.-Length 0.68 mm.; hight 0.43 mm.; thickness 0.3 mm. 

Valves moderately convex, subovate, sometimes obscurely quadrate; hinge rather 

short, straight centrally, more or less rounded at the ends; ventral margin gently 

convex, nearly parallel with the dorsal. Horseshoe ridge comparatively small, almost 

entirely within the post-dorsal fourth, its arms terminating near the dorsal margin 

in two rounded elevations, the connecting loop but little elevated and in most cases 

obscure; beneath the loop another but very faint loop-like elevation of the surface 

may be noticed. 
The horseshoe ridge is much smaller and the bent portion much less distinct 

than in J. cl'epidifonnis. 

Formation and locality.-Galena shales (Clitambonites bed), near Cannon Falls, Minnesota. 

Genus BOLLIA, Jone8 and Holl. 

Bollia, JONES and HOLL,1886. Ann. Mag. Nat. Rist., ser. 5, vol. xvii, p. 360. 

Valves subequal, oblong or somewhat rounded, with rounded and nearly equal 

ends and a straight hinge line; surface punctate or smooth, and bearing a large loop

like or more or less horseshoe-shaped ridge; from the edges the surface rises into a 

more or less well-developed, angular or rounded marginal ridge; the outer and inner 

ridge often come close together ventrally, but rarely, if ever, coalesce; horseshoe 

ridge of nearly equal strength throughout, or the ends may be bulbous and the 

connecting bent portion relatively very thin and low. 

Type: B. unifiexa Jones and Holl. 

This genus is easily recognized by the inner or horseshoe ridge, which always 

occupies a sub central position with respect to the ends of the valves. The species 

are numerous and while they may be said to adhere rather strictly to the generic 

type, it is still true that they may be divided into three distinguishable groups. In 

the first or typical section, the outer rim or ridge is not strong, while the inner ridge 

has bulbous ends and is on the whole larger though the bent connecting portion is 

narrow. In the second section, of which B. vinei Jones and Holl, may be considered 

as typical, both the inner and outer ridges are relatively thin and small, even the 

ends of the horseshoe ridge being but little, when at all, thicker than the rest. The 

third section, of which B. persulcata Ulrich and B. regularis Emmons sp., are both, 

though in somewhat different ways, representative, includes species in which the· 

inner ridge is thick without being bulbous at its ends, the marginal ridge swollen, 
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Bollia Bubalquata.] 

sometimes thicker at one end than the other, and the depressions or sulci between 

the ridges relatively narrow. These species pass over into, and the section ought to 

include, some of the so-called quadri-jugate Beyrichire:"" Their relations to Tetradella 

wilT be considered in the remarks under that genus. 

BOLLIA SUBlEQUATA, n. sp. 

PLATE XLVI, FIGS. 26-29. 

SIZE.-Length, 0.64 mm.; hight, 0.50 mm.; thickness 0.22 mm. 
Length, 0.59 mm.; hight, 0.42 mm.; thickncsR, 0.20 mm. 
Length, 0.40 mm.; hight, 0.32 mm. 

Valves compressed, subovate in outline, straight above; length of hinge some

what variable, shortest, apparently, in old examples; dorsal angles more or less 

distinct; edges of valves thick, forming a sharply-defined, thin marginal ridge; inner 

ridge thin, rather long, U-shaped, one of the arms with a slight swelling near or at 

its upper extremity; surface between the ridges flat and without ornament. 

The small valves of this species remind somewhat of Moorea punctata, but as that 

form has no inner or horseshoe ridge they are distinguished very easily. Tetradella 

quadrilirata is a larger form and has the inner ridges joined below with the marginal 

ridge. The nearest allies occur in the Upper Silurian deposits of Europe, but it is 

distinct from them all. 

Formation and locality.-Galena shales (Clitambonites bed), near Cannon Falls, Minnesota. 

BOLLIA UNG U LOIDEA, n. sp. 

PLATE XLVI. FIGS. 23-25. 

SIZE.-Length 0.6 mm.; hight 0.4 mm.; thickness 0.35 mm . 

. Valves subovate,'with equal rounded ends, a rather short., straight hinge, and 

iUyde:6ned dorsal angles; marginal ridge thick, rounded, a little wider at one end 

than at the other; inner ridge strong, one end swollen, the other small and failing 

to reach the dorsal edge; interspace between the iwo ridges very narrow. 

~ With the exception of several very doubtful species described by Krause, the Imown species fall into these sections, 
as follows: 

SECTION 1. 

B. pumila Ulrich, L. Sil. 
B. uniftea;ta Jones and Holl, U. Silo 
B. hieolUna J. and H., U. Sil. 

1B. '!ntert'Upta Jones, U. Silo 
B. btlohata Jones, Dev. 
B. hint'" Jones, Dev. 
B. obesQ, Ulrich, Dev. 
B. granifera Ulrich, L. Oarb. 

SECTION 2. 

B. mbrequata Ulrich, L. Silo 
B. semi!unata Jones, Antic. 
B. vinei, Jones and Holl, U. Silo 
B. vinei var. mitUi J. and H., U. SiI, 
B. semicireulariB Krause, U. Silo 
B. rotundata Krause, U. Silo 

SECTION 3. 

B. unguloidea Ulrich, L. Sil. 
B. regulariB Emmons sp., L. Sil. 
B. persulwta Ulrich, L. SII. 
B. duple:!; Krause, U. Sil. 
B. symmetriea Hall sp., U. Sil. 
Beyrwhia ela,rki Jones, U. Silo 
Beyrichia halli .Tones, U Silo 
B. ungula Jones, Dev. 

?Beyriehia devonica Jones, Dev. 
Beyrichia subquaarata Jones, Dev. 
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sometimes thicker at one end than the other, and the depressions or sulci between 

the ridges relatively narrow. These species pass over into, and the section ought to 
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will' be considered in the remarks under that genus. 
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what variable, shortest, apparently, in old examples; dorsal angles more or less 

distinct; edges of valves thick, forming a sharply-defined, thin marginal ridge; inner 

ridge thin, rather long, U-shaped, one of the arms with a slight swelling near or at 

its upper extremity; surface between the ridges flat and without ornament. 

The small valves of this species remind somewhat of Moorea punctata, but as that 

form has no inner or horseshoe ridge they are distinguished very easily. Tetradella 

quadrilirata is a larger form and has the inner ridges joined below with the marginal 

ridge. The nearest allies occur in the Upper Silurian deposits of Europe, but it is 

distinct from them all. 

Formation and locality.-Galena shales (Olitambonites bed), near Oannon Falls, Minnesota. 

BOLLIA UNGULOIDEA, n. sp. 

PLA TE XLVI, FIGS. 23-25. 

SIZE.-Length 0.6 mm.; hight 0.4 mm.; thickness 0.35 mm . 

. Valves subovate,with equal rounded ends, a rather short, straight hinge, and 

iilydefined dorsal angles; marginal ridge thick, rounded, a little wider at one end 

than at the other; inner ridge strong, one end swollen, the other small and failing 

to reach the dorsal edge; interspace between the two ridges very narrow . 

• With the exception of several very doubtful species described by Krause, the known species fall in to these sectIons, 
as follows: 

SECTION 1. 

B. pumiZa Ulrich, L. Silo 
B. unijlexia Jones and Hall, U. SiI. 
B. bicolLina J, and H., U. Sil. 
m. intel'1upta Jones, U. SII. 
B. bi/obata Jones, Dev. 
B. hindi Jones, Dev. 
B. obesa Ulrich, Dev. 
B. granijera Ulrich, L. Carbo 

SECTION 2. 

B. subcequata Ulrich, L. Silo 
B. semilunata Jones, Antic. 
B. vinei, Jones and Hall, U. Silo 
B. t'inei var. miti" J. and fl., U. Silo 
B. semic.ireularis Krause, U. Sil. 
B. rotundata Krause, U. Silo 

SECTION 3. 

B. tlJliJuloidm Ulrich. L. Si!. 
B. regularis Emmons sp., L. Sil. 
B. persulcata Ulrich, L. Silo 
B. duplex Krause, U. Sil. 
B. Slimmetrica Hall sp., U. Silo 
Beyrichia clarki Jones, U. Si!. 
Beyrichia halli .Tones, U Sil. 
B. unvula Jones, Dev. 

?Beyrichia devon:iea Jones, Dev. 
Beyrichia 8ubqtwdrata Jones. Dev. 
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[Drepanella .. 

This speCIes, though smaller and distinct, resembles the Devonian B. ungula 

Jones, more closely than any other of the genus known. B. persulcata of the 

Cincinnati rocks is perhaps as near as any of the Silurian forms, but there are so 

many differences between them that it is unnecessary to enter into compari&ons. 

In B. sub(equata, which belongs to another section of the genus, both the inner and 

outer ridges are much thinner. 

Formation and locality.--Associated with the preceding in the Galena shales, in Goodhue county, 
Minnesota. 

Genus DREP ANELLA, Ulrich. 

Drepanella (Depmnella in error) Ulrich, 1890, Jour. Cin. Soc. Nat. Rist., vol. xiii, p. 117. 

Carapace equivalved, compressed-convex, somewhat oblong, the outline between 

sub quadrate and subelliptical; dorsal border straight, ventral outline gently convex; 

ends subequal, the posterior somewhat truncated above, the anterior generally more 

rounded. Running nearly parallel with and close to the posterior tLnd ventral edges, 

a sharply elevated, sickle-shaped ridge. Central and dorsal regions of valves with 

two principal, simple or divided, nodes or ridges. Surface smooth or reticulate. 

Size of carapace usually about 2.5 mm. long by 1.5 mm. high. 

Type: D. crassinoda Ulrich, 

11. 

Fig. 48.-a, b, lateral and dorsal views of a right valve of Drepanella crassinoda Ulrich, from the 
Birdseye limestone at High Bridge, Kentucky; c, a 18ft valve of D. ampla, var. elongata Ulrich, from the 
same formation and locality, introduced for comparison with D. bigeneris; d, right valve of D. macrO, 
Ulrich, from t,he same formation at Dixon, Illinois; all x 20. The last probably occurs also in Minnesota. 

Of this genus only Lower Silurian species are known. Taking the six species 

and varieties upon which the genus was founded, we have a sharply defined generic 
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DrepanelIa bilateralis.l 

group. With these we may include, without materially altering our conception of 

the genus, the new D. bilateralis, although in this species the ~haracteristic sickle

shaped marginal ridge is wanting posteriorly. But the other Minnesota species, D. 

bigeneris, is certainly a remarkable form. In size and general appearance it agrees 

very well with D. crassinoda and D. ampla having the sickle-shaped ridge well 

developed, and two large centro-dorsal nodes, separated by a depression, as in the 

latter species. But the peculiar feature is that these nodes are prolonged below and 

united by a slender connection, giving us precisely the horseshoe ridge of a Bollia. 

The question arising at once is, why should the species not be viewed as a Bollia, 

rather than a Drepanella. 

I have decided for Drepanella on what I believe to be good genealogical grounds. 

In the first place, aside from the ventral connection of the nodes, all the characters 

of the species are those of Drepanella. The marginal ridge, it is true, runs farther 

up on the anterior end than on any of the other species, yet its extremity is thin and 

the mere fact that it is a trifle longer than usual cannot be of much consequence. 

But the most important evidence on the question is furnished by D. ampla var. elon

gate, of which a copy of the original figure is given above. In this variety, namely, 

there is a well defined depression between the nodes precisely as in D. bigeneris, and 

all that is required to produce the loop of the latter, is a slight raising of the nodes, 

together with the lower border of the depression. This is not, I believe, supposing 

too much, for a ventral coalescence of the anterior and posterior lobes or nodes is 

not by any means restricted to Bollia. Indeed it occurred under one form or another, 

among many types of Beyrichiidce. That this is true, a glance at plate XLIV may 

suffice to prove. One form is shown in fig. 4, another, and widely different, in fig. 6, 

while 8, 10, 12, 15, 17, 20, 23, 26, and 27 illustrate other types of the same condition. 

DREPANELLA BILATERALIS, n. sp. 

PLATE XLVI. FIGS. 35-38 

SIZE.-Greatest length 2.7 mm.; length of hinge 2.15 mm.; greatest hight 1. 64 mm.; greatest thick
ness, about 1.3 mm.; t,hic]meRs, not including nodes and ridge, about 0.6 mm. 

Valves suhoval or oblong-subquadrate, compressed; dorsal margin straight; 

distinctly angular at the extremities; anterior end a trifle narrower, and the outline 

less convex than the posterior; ventral margin nearly straight centrally. Running 

parallel with and close to the ventral margin a strong ridge, somewhat thickened at 

each end, but not continuing up the posterior end as in the other species. Above 

this two irregularly triangular and very prominent large nodes extend to the dorsal 

edge, beyond which their pointed extremities occasionally project. The last is true 

also of a small central tubercle. 
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l Drepanella bigeItsris. 

The form, prominence and bilaterally symmetrical disposition of the nodes and 

ridge give this species a very distinct and striking appearance, and among all the 

numerous Siluriau Ostracoda not one is known with which it might be confused. 

Forrnation and locality.-Upper third of the Trenton shales (Phylloporina bed), St. Paul and near 
Cannon Falls, Minnesota. 

DREPANELLA BIGENERIS, n. sp. 

PLATE XLIV, FIGS. 20-22. 

SIZE.-Lenj{th 2.3 mm.; hight 1. 36 mm.; greatest thickness 0.95 mm.; average thickness, not 
including nodes and ridges, about 0.5 mm.; thickness of posterior and ventral edges 
about 0.6 mm. 

Valves oblong-subquadrate, longest in the lower half, the ends nearly equal and 

converging slightly in the upper half; back straight, the posterior extremity suban

gular, the anterior rounded; ventral outline very gently convex; marginal or "sickle

shaped" ridge sharply defined, extending farther up on the anterior side than in any 

of the other species of the genus. Two thick nodes or lobes, the anterior one the 

longer and more prominent, are connected below by a narrow loop-like thickening 

of the lower border of the median depression or sulcus, the whole producing precisely 

the effect of the "horseshoe" ridge of Bollia. 

My reasons for placing this fine species under Drepanella instead of BolUa 
are given in the remarks following the generic description. The specific characters 

are well marked and conspicuous, so that there is little difficulty in distinguishing 

the species from the rest of the Minnesota Ostracoda. 
Forrnation and locality.-Lower limestone of the Trenton formation, Minneapolis and St. Paul, 

Minnesota. 

Genus DILOBELLA, n. gen. 

Carapace small, equivalved, subovate or somewhat reniform in outline, the back 

straight or faintly concave; valves bilobed, the lobes subequal, very large, and almost 

completely separated by a deep subcentral vertical sulcus; edges thin, si,mple; 
surface smooth. 

Type: D. typa, n. sp. 

IJfind myself obliged to erect a new genus for this remarkable ostracode. A 

slightIresemblance to certain forms of Bollia may be noticed, but the lobes are 

altogether too large for that genus. That it cannot belong to either Entomis, 

Entomidella nor Ctenobolbina, the only other genera with which it might be compared 

must be evident to anyone who has paid attention to this class of fossils. As to its 

affinities, they are obscure. Because of the slight basal connection between the lobes, 

it may be regarded provisionally as an extravagant development of the Bollia type 
of structure. 
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DILOBELLA TYP A, n. sp. 

PLATE XLVI. FIGS. aO-34. 

SIZE.-Length 1.0 mm.; hight 0.8 mm.; greatest thickness 0.52 mm. 
LengthO.9mm.; hightO.75mm. 

Valves varying somewhat in outline, some being obscurely quadrate or 8ubovate, 

others short-reniform; dorsal outline more or less concave at the middle and 

rounded or subangular at the ends; ventral margin strongly convex, the lower half 

of the outline being in some cases almost semicircular. A deep, subcentral, vertical 

sulcus divides the valves into two large subequallobes. These are very prominent, 

especially at their centers, and rise abruptly from the flattened borders. At the base 

an obscure connection between the lobes may be noticed. 

When the valves are not perfectly cleared from the matrix, some difficulty may 

be experienced in distinguishing them from the associated Ctenobolbina crassa, which 

also has a deep sulcus. But in that species the sulcus is curved and does not divide 

the lobes ventrally, and the valves are longer and differently shaped. In fact the 

two species differ so greatly that I cannot conceive how good specimens might be 

confounded. 

Formation and locality.-Upper third of the Trenton shales (Phylloporina bed), St. Paul, Minnesota. 

Genus CTENOBOLBIN A, Ulrich. 

Ctenobolbina, ULRICH, 1890. Jour. Oin. Soc. Nat. Rist., vol. xiii, p. 108. 

Carapace small, elongate-suboval, strongly convex, the posterior two-fifths more 

or less decidedly bulbous or subglobular, and separated from the remainder by a 

deep, narrow and more or less oblique sulcus extending with a gentle curve from 

the dorsal margin more than half the distance across the valves toward the postero

ventral border. The anterior three-fifths often with another oblique but less 

impressed sulcus. Valves equal, the dorsal margin straight, hingement simple, the 

ventral edge thick, and the true contact margins generally concealed, in a lateral 

view, by a "frill" or flattened false border; surface granulose, smooth, or punctate. 

Type: C. (Beyrichia) ciliata Emmons sp. 
a. c. 

3-. 

~ .,,- . -
Fig. 49.-a, b, c, lateral. posterior, and ventral views of a left valve of Ctenobolbina ciliata var. 

emaciata Ulrich, x 20; shales of the Hudson River group, Savannah, Illinois. This species probably occurs 
also in the equivalent shales near Spring Valley, Minnesota. 

43-

OSTRAOODA. 
Dllobella typa.] 

DILOBELLA TYP A, n. sp. 

PLATE XLVI. FIGS. aO-34. 

SIZE.-Length 1.0 mm.; hight 0.8 mm.; greatest thickness 0.52 rum. 
LengthO.9mm.; hightO.75mm. 

Valves varying somewhat in outline, some being obscurely quadrate or 8ubovate, 

others short-reniform; dorsal outline more or less concave at the middle and 

rounded or subangular at the ends; ventral margin strongly convex, the lower half 

of the outline being in some cases almost semicircular. A deep, subcentral, vertical 

sulcus divides the valves into two large subequallobes. These are very prominent, 

especially at their centers, and rise abruptly from the flattened borders. At the base 

an obscure connection between the lobes may be noticed. 

When the valves are not perfectly cleared from the matrix, some difficulty may 

be experienced in distinguishing them from the associated Ctenobolbina Crrlssa, which 

also has a deep sulcus. But in that species the sulcus is curved and does not divide 

the lobes ventrally, and the valves are longer and differently shaped. In fact the 

two species differ so greatly that I cannot conceive how good specimens might be 

confounded. 

Formation and locality.-Upper third of tbe Trenton shales (Pbylloporina bed), St. Paul, Minnesota. 

Genus CTENOBOLBIN A, Ulrich. 

Ctenobolbina, ULRICH, 1890. Jour. Oin. Soc. Nat. Hist., vol. xiii, p. 108. 

Carapace small, elongate-suboval, strongly convex, the posterior two-fifths more 

or less decidedly bulbous or subglobular, and separated from the remainder by a 

deep, narrow and more or less oblique sulcus extending with a gentle curve from 

the dorsal margin more than half the distance across the valves toward the postero

ventral border. The anterior three-fifths often with another oblique but less 

impressed sulcus. Valves equal, the dorsal margin straight, hingement simple, the 

ventral edge thick, and the true contact margins generally concealed, in a lateral 

view, by a "frill" or flattened false border; surface granulose, smooth, or punctate. 

Type: C. (Beyrichia) ciliata Emmons sp. 
a. c. 

~. 

~ , .". . -
Fig. 49.-a, b, c, lateral. posterior, and ventral views of a left valve of Ctenobolbina ciliata var. 

emaciata Ulrich, x 20; shales of the Hudson River group, Savannah, Illinois. This species probably occurs 
also in the equivalent shales near Spring Valley, Minnesota. 

43-



674 THE PALEON'l'OLOGY OF MINNESOTA. 
lOtenobolbina flllcrata. 

This genus includes a well marked group of paleozoic OBtracoda, distinguished, 

in its typical development, from a,ll the other genera of the family by the bulbous 

character of the posterior end. A small isolated middle lobe, which is the most 

persistent character of Beyrichia and KlcRdenia, is, except in one case, never present, 

the central lobe or ridge, when one has been divided off from the anterior swelling 

of the surface, being united ventrally with the large posterior lobe. A small lobe 

is isolated in C. iumida Ulrich, but as the posterior half is decidedly bulbous in this 

species it may be advisable to leave it with this genus. Still, I have fully satisfied 

myself that it is a close ally, perhaps a progenitor of the Clinton Beyrichia lata Van

uxem, and that is not far from B. lela'dini McCoy. 

Ctenobolbina has its best development in the Cincinnati group, from which four 

or five good species and two varieties have been described. Two Trenton species, 

differing from the Cincinnati types in the lesser development of the posterior bulb, 

are found in Minnesota. C. punctata Ulrich, of the Niagara, retains the generic 

characters very well, as does also C. papillosa Ulrich, of the Devonian, while C. 

inf()}'mis Ulrich, also Devonian, reminds of the Trenton C. crassa. C. minima, of the 

Hamilton, is much like C. bispinosa from Cincinnati, and both are almost primitian 

in their simplicity. Of European species I know of only one that has the characters 

of Ctenobolbina clearly developed. This is the Beyrichia guilliet'i Fromelin, as figured 

by Jones, in 1890, (Quart. Jour. Geol. Soc., vol 46, pI. 21, figs. 2a, b, c). It is closely 

related to C. ciliata and occurs in the Lower Silurian strata of France. Another, 

that is as much of a Ctenl)bolUina as C. crassa, C.fulcrata and C. in/ormis, is the Bollia? 

lIuriculuris Jones and Holl, from the Wenlock of England. Indeed, these four 

species are closely related and cannot justly be separated generically, so that I 

propose to refer the Wenlock species also to this genus. Prof. Jones concedes in a 

letter to me that the auricztlaris is not a Bollia, and a close comparison with the 

Minnesota species mentioned proves to me that my former opinion of the British 

species, when I thought that it might belong to Halliella (Jour. Cin. Soc. Nat. Hist., 
vol. 13, p. 185), is erroneOllS. 

CTENOBOLBINA FULCRATA, n. sp. 

PLATE XLIV, FIGS. 8-11. 

SIZE.-Length 1.2 mm.; hight 0.78 mm.; thickness 0.56 mm. 
Length 1.2 mm.; hight 0.80 mm.; thickness 0.60 mm. 

Valves obliquely subovate, highest posteriorly, with the back straight and the 

dorsal angles usually well defined. Posterior bulb comparatively narrow; sulcus deep, 

wide, oblique, curving backward below; anterior lobe undivided, larger than the 

posterior, in some specimens less oblique than in others; ventral and posterior sides 

674 THE PALEONTOLOGY OF MINNESOTA. 
[Otenobol bina fulcrata. 

This genus includes a well marked group of paleozoic 03tracoda, distinguished, 

in its typical development, from all the other genera of the family by the bulbous 

character of the posterior end. A small isolated middle lobe, which is the most 

persistent character of Beyricltia and Klcedenia, is, except in one case, never present, 

the central lobe or ridge, when one has been divided off from the anterior swelling 

of the surface, being united ventrally with the large posterior lobe. A small lobe 

is isolated in C. tumicZa Ulrich, but as the posterior half is decidedly bulbous in this 

species it may be advisable to leave it with this genus. Still, I have fully satisfied 

myself that it is a close ally, perhaps a progenitor of the Clinton Beyrichia lata Van

uxem, and that is not far from B. kl(J'(Zini McCoy. 

Ctenobolbina has its best development in the Cincinnati group, from which four 

or five good species and two varieties have been described. Two Trenton species, 

differing from the Cincinnati types in the lesser development of the posterior bulb, 

are found in Minnesota. C. punctata Ulrich, of the Niagara, retains the generic 

characters very well, as does also C. papillosa Ulrich, of the Devonian, while C. 

iJ?i()]'nds Ulrich, also Devonian, reminds of the Trenton C. crassa. C. minima, of the 

Hamilton, is much like C. bispinosa from Cincinnati, and both are almost primitian 

in their simplicity. Of European species I know of only one that has the cha.racters 

of Ctenobolbina clearly developed. This is the Beyrichia guillieri Fromelin, as figured 

by Jones, in 18!.lO, (Quart. Jour. Geol. Soc., vol 46, pI. 21, figs. 2a, b, c). It is closely 

related to C. ciliata and occurs in the Lower Silurian strata of France. Another, 

that is as much of a Ctenl)bolbina as C. crassa, C.fulcrata and C. inlormis, is the Bollia? 

IluriculliTis Jones and Roll, from the Wenlock of England. Indeed, these four 

species are closely related and cannot justly be separated generically, so that I 

prop03e to refer the Wenlock species also to this genus. Prof. Jones concedes in a 

letter to me that the auricularis is not a Bollia, and a close comparison with the 

Minnesota species mentioned proves to me that my former opinion of the British 

species, when I thought that it might belong to Halliella (Jour. Cin. Soc. Nat. Rist., 

vol. 13, p. 185), is erroneous. 

CTENOBOLBINA FULCRATA, n. sp. 

PLATE XLIV, FIGS. 8-11. 

SlzE.-Length 1.2 mm.; hight 0.78 mm.; thickness 0.56 mm. 
Length 1.2 mm.; hight 0.80 mm.; thickness 0.60 mm. 

Val ves obliquely subovate, highest posteriorly, with the back straigbt and the 

dor3al angles usually well defined. Posterior bulb comparati vely narrow; sulcus deep, 

wide, oblique, curving backward below; anterior lobe undivided, larger than the 

posterior, in some specimens less oblique than in others; ventral and posterior sides 



Otenobolblna crassa.J 
OSTRACODA. (i75 

of lobes terminating in a thin, flat or raised, border, supported in the hinder part by 

five, equidistant ribs or walls, thus forming as many small cavities in the posterior 
edge of each valve; surface smooth. 

The small cavities in the posterior half of the edge remind of Tetmdella quadri

lirata, but here the resemblance ceases for they are widely different in all other 

respects. These cavities and the relative narrowness of the posterior bulb, together 

with other peculiarities, distinguish C. fulcrata from C. duryi Miller sp., a Cincin

nati species that resembles fig. 8 more closely than does any other one of the genus. 

When however it comes to actual relationship, the next to be described is doubtless 
the nearest. 

Formation and locality.-Upper third of the'l'renton shales (Phylloporina beds), St. Paul and Can
non Falls, Minnesota. 

CTENOBOLBINA CRASSA Ulrich. 

PLATE XLIV, I?lGS. 12-1G. 

Jonesella crassa ULItlCH, 1890. Jour. Cin. Soc. Nat. lIist., vol. xiii, p. 12:3. 

SIZE.·-Length 0.94 mm.; hight 0.60 mm; thickness 0.60 mm. 
Length 0.80 mm.; hight 0.52 mm.; thicknes,; 0.46 mm. 

This species is closely related to C. /ulcratc£, and wh~n the edges are obscured by 

the matrix, it is difficult to distinguish from one of the varieties of that species. 

But when the posterior edge is visible the difficulties vanish, there being no supports 

nor cavities in the thick edge of C. crassa (compare figs. 13 and 16 with fig. 9, pI. 44.) 

Among other differences I may mention that in C. crassa the valves are constantly a 

little smaller, the sulcus wider, and the lobes more prominent, especially at the 

ventral edge. The lobes are also more compact and ridge-like, producing an effect 

that reminds so much of the "horseshoe" ridge of Jonesella, that I at first regarded 

the species as belonging to that genus. But that was before I knew of its close 

relationship with C. julcrata. 

Formation and locality.-Associated with the preceding in the upper third of the Trenton shales at 
St. Paul and Cannon Falls, Minnesota. 

Genus CERATOPSIS, n. gen. 

Tetradella (part.) ULRICH, 1890. Jour. Cin. Soc. Nat. HiE-t., vol. xiii, 13. 112. 
Beyrichia (part.) BARRANDE, HALL and WHITFELD, MILLER, JONES, and other authors. 

Valves somewhat obliquely subovate, widest posteriorly, straight dorsally, with 

a thick rounded semicircular marginal ridge, and two submedium ridges extending 

obliquely upward from the marginal ridge, the anterior one reaching the dorsal edge, 

the other shorter and smaller; post-dorsal end of marginal ridge raised into a strong 

Otenobolblna crassa.J OSTRACODA. li7!) 

of lobes terminating in a thin, flat or raised, border, supported in the hinder part by 

five, equidistant ribs or walls, thus forming as many small cavities in the posterior 
edge of each valve; surface smooth. 

The small cavities in the posterior half of the edge remind of Tetmdella quadri

lirata, but here the resemblance ceases for they are widely different in all other 

respects. These cavities and the relative narrowness of the posterior bulb, together 

with other peculiarities, distinguish C. fulcrata from C. duryi Miller sp., a Cincin

nati species that resembles fig. 8 more closely than does any other one of the genus. 

When however it comes to actual relationship, the next to be described is doubtless 
the nearest. 

Formation and locality.-Upper third of the Trenton shales (Phylloporina beds), St. Paul and Can
non Falls, Minnesota. 

CTENOBOLBINA CRASSA Ulrich. 

PLATE XLIV, FIGS. 12-16. 

Jonesella crass a ULItICH, 1890. Jour. Cin. Soc. Nat. lIi~t., vol. xiii, p. 12:3. 

SrzE.·-Length 0.94 mm.; hight 0.60 mm; thickness 0.60 lUm. 

Length 0.80 mm.; hight 0.52 mm.; thickness 0.46 lUll!. 

This species is closely related to C. fulcrata, and wh~n the edges are obscured by 

the matrix, it is difficult to distinguish from one of the varieties of that species. 

But when the posterior edge is visible the difficulties vanish, there being no supports 

nor cavities in the thick edge of C. crassa (compare figs. 13 and 16 with fig. 9, pl. 44.) 

Among other differences I may mention that in C. crassa the valves are constantly a 

little smaller, the sulcus wider, and the lobes more prominent, especially at the 

ventral edge. The lobes are also more compact and ridge-like, producing an effect 

that reminds so much of the "horseshoe" ridge of Jonesella, that I at first regarded 

the species as belonging to that genus. But that was before I knew of its close 

relationship with C. fulcrata. 

Formation and locality.-Associated with the preceding in the upper third uf the Trentun shales at 
St. Paul and Cannon Falls, Minnesota. 

Genus CERATOPSIS, n. gen. 

Tetradella (part.) ULRICH) 1890. Jour. Cin. Soc. Nat. HiE-t., vol. xiii, 13. 112. 
Beyrichia (part.) BARRANDE, HALL and WH1TFELD, MILLER, JONES, and other authurs. 

Valves somewhat obliquely sub ovate, widest posteriorly, straight dorsally, with 

a thick rounded semicircular marginal ridge, and two submedium ridges extending 

obliquely upward from the marginal ridge, the anterior one reaching the dorsal edge, 

the other shorter and smaller; post-dorsal end of marginal ridge raised into a strong 
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676 THE PALEONTOLOGY OF MINNESOTA. 
[Oeratosis chambers!. 

spine-like, or a mushroom-shaped process, beaded or fimbriated along one edge or 

around the flattened top. Free edges of carapace as in Ctenobolbina, being thick, 

and having "false borders." 

Type: Beyrichia chambersi S. A. Miller. 

This genus is related to Ctenobolbina on the one hand and Tetradella on the other, 

while it is distinguished from both, as well as from all known genera, by the remark

able post-dorsal process. The species of Ceratopsis are all Lower Silurian and, with 

the exception of Beyrichia hastata Barrande, a Bohemian species evidently of this 

genus, all American. C. charnbersi is rarely met with in the middle third and rather 

commonly in the upper third of the Trenton shales in Minnesota. Recently I have 

also detected a few specimens in the upper part of the Trenton in Kentucky, but the 

most typical and abundant development of the species occurs in the lower two 

hundred feet of the Cincinnati group. Variety robusta applies to a reappearance of 

the species in the upper beds of this group in Ohio and Minnesota. C. oculi/era 

(Beyrichia, Hall) though very abundant, seems to be restricted to the upper one 

hundred feet of strata e~posed in the Cincinnati hills. In this form the elevated 

process took the shape of a thick-stemmed mushroom, the gently convex cap of 

which is beautifully fringed at the edge. A new species, which I propose to call C. 

intennedia, occurs at the base of the Cincinnati formation near Covington, Kentucky. 

In this the process forms a curved spine on which the fimbria is arranged in a semi

circular manner, the effect being very nearly intermediate between that exhibited 

in C. charnbersi and C. oculi/era. For further remarks on this genus see under 
Tetradella. 

CERATOPSIS CHAMBERSI Miller. 

PLATE XLVI. FIGS, 1!l-22. 

Beyrichia chambersi MILLER, 1874. Cin. Quar. Jour. Sci., vol. i, p. 234. 
Tetradella chambersi ULRHJH. 1890. Jour. Cin. Soc. Nat. Hiiit., vol. xiii, p. 112. 

SIZE.-Lengtb 1.5 mm.; higbt 1.03 mm.; thickness 0.6 mm. 
Length 1.8 mm.; hight 1.10 mm. 

The principal distinguishing feature of this abundant species is the spine-like 

form of the post-dorsal process. In the typical variety, of which fig. 19 is a fair 

example, the post-medium ridge is short and small. It is so in all the Trenton 

specimens and in the Lower Cincinnati group types of the species. Figure 22 is 

peculiar in having the upper end of this ridge separately developed as a small 

rounded node. It is the only case of the kind seen, and may be abnormal. 

"r !. 

676 TRE PALEONTOLOGY OF MINNESOTA. 
[Oeratosis chambersi. 

spine-like, or a mushroom-shaped process, beaded or fimbriated along one edge or 

around the flattened top. Free edges of carapace as in Ctenobolbina, being thick, 

and having "false borders." 

Type: Beyrichia chambersi S. A. Miller. 

This genus is related to Ctenobolbina. on the one hand and Tetradella on the other, 

while it is distinguished from both, as well as from all known genera, by the remark

able post-dorsal process. The species of Ceratopsis are all Lower Silurian and, with 

the exception of Beyrichia hastata Barrande, a Bohemian species evidently of this 

genus, all American. C. chambersi is rarely met with in the middle third and rather 

commonly in the upper third of the Trenton shales in Minnesota. Recently I have 

also detected a few specimens in the upper part of the Trenton in Kentucky, but the 

most typical and abundant development of the species occurs in the lower two 

hundred feet of the Cincinnati group. Variety robusta applies to a reappearance of 

the species in the upper beds of this group in Ohio and Minnesota. C. oculi/era 

(Beyrichia, Hall) though very abundant, seems to be restricted to the upper one 

hundred feet of strata e~posed in the Cincinnati hills. In this form the elevated 

process took the shape of a thick-stemmed mushroom, the gently convex cap of 

which is beautifully fringed at the edge. A new species, which I propose to call C. 

intermedia, occurs at the base of the Cincinnati formation near Covington, Kentucky. 

In this the process forms a curved spine on which the fimbria is arranged in a semi

circular manner, the effect being very nearly intermediate between that exhibited 

in C. chambersi and C. oculi/era. For further remarks on this genus see under 
Tetradella. 

CERATOPSIS CHAMBERSI Miller. 

PLATE XLVI. FIGS. 1!J-22. 

Beyrichia chambersi MILLEH, 1874. ~in. Quar. Jour. SeL, vol. i, p. 234. 
Tetradella chambersi ULRICH. 1890. Jour. Oin. Soc. Nat. Rist., vol. xiii, p. 112. 

SIZE.-Length 1.5 mm.; hight 1.03 mm.; thickness 0.6 mm. 
Length 1.8 mm.; hight 1.10 mm. 

The principal distinguishing feature of this abundant species is the spine-like 

form of the post-dorsal process. In the typical variety, of which fig. 19 is a fair 

example, the post-medium ridge is short and small. It is so in all the Trenton 

specimens and in the Lower Cincinnati group types of the species. Figure 22 is 

peculiar in having the upper end of this ridge separately developed as a small 

rounded node. It is the only case of the kind seen, and may be abnormal. 



T etradella., 
OSTRACODA. 677 

Variety ROBUSTA, n. val'. 

Beyrichia chambersi HALL and WHITFIELD, Pal. Ohio, vol. ii, p. 104, pI. 4. figs. 11. 12, not strictly B. 
chambersi Miller. 

Fig. 50.-Lateral and posterior views of an entire carapace of this variety from the shales of the 
Hudson River group, near Spring Valley. Minnesota. 

This designation is proposed for the variety which occurs in the upper beds of 

the Cincinnati group at numerous localities in Ohio, Indiana, and Kentucky, and in 

the equivalent Hudson River group strata of Minnesota. So far as known it is not 

to be found below the horizon of Orthis subquadrata Hall, and Rhynchotreta capax 

Conrad. It differs from the typical form of the species in having all the ridges some

what thicker, and the post-median one much larger. In many cases the latter is 

nearly or quite equal to the anterior ridge, and extends like it entirely across the 

valve. The ventral portion of the carapace also is thicker, and the marginal ridge 

subangular where the contour turns abruptly inward to the false border. 

Formation and locality.-The typical form of the species is rare in the middle and common in the 
upper third of the Trenton shales at Minneapolis, St. Paul and Cannon Falls. As yet, it has not been 
detected in any of the divisions of the Galena, out in the lower beds of the Cincinnati group it is a com· 
mon fossil. The var. robusta was found in tte upper part of the Hudson River shales near Spring Valley, 
Minnesota, and occurs abundantly in the upper beds of the Cincinnati group at Waynesville and Oxford, 
Ohiu, Richmond and Versailles, Indiana, and many other localities in these states. 

Genus TETRAD ELLA Ulrich. 

Tetradella (part.) ULRICH, 1890. Jour. Cin. Soc. Nat. Hist. vol. xiii, p. 112. 
Strepula, ULRICH, 1889. ContrL to Can. Micro.·Pal., pt. 2, pp. 54,56, not of Jones and Holl. "Tri· 

sulcate" and" quadrijugate" Beyrichia (part.) of authors. 

Carapace somewhat oblong, often subquadrate, never tumid, with the hinge line 

straight. Surface depressed, with a semicircular marginal ridge; within the enclosed 

space, two, simple or slightly modified, equal or unequal, and more or less nearly 

vertical ridges unite below with the marginal ridge and extend upward from it, one 

in many cases failing to reach the dorsal margin. Free edges usually with a simple 

flattened border; in one case (T. subquadrata) thick and with the contact margInS 

concealed by a "false border.') Surface smooth or granulose. 

Type: T. (Beyrichia) quadrilirata Hall and Whitfield. 

T etradell a.l 
OSTRACODA. 677 

Variety ROBUSTA, n. var. 

Beyrichia chambersi HALL and WHITFIELD, Pal. Ohio, vol. ii, p. 104, pI. 4. figs. II. 12, not strictly B. 
chambersi Miller. 

Fig. 50.-Lateral and posterior views of an entire carapace of this variety from the shales of the 
Hudson River group, near Spring Valley, Minnesota. 

This designation is proposed for the variety which occurs in the upper beds of 

the Cincinnati group at numerous localities in Ohio, Indiana, and Kentucky, and in 

the equivalent Hudson River group strata of Minnesota. So far as known it is not 

to be found below the horizon of Orthis subquadrata Hall, and Rhynchotreta capax 

Conrad. It differs from the typical form of the species in having all the ridges some

what thicker, and the post-median one much larger. In many cases the latter is 

nearly or quite equal to the anterior ridge, and extends like it entirely across the 

valve. The ventral portion of the carapace also is thicker, and the marginal ridge 

subangular where the contour turns abruptly inward to the false border. 

Formation and locality.-The typical form of the species is rare in the middle and common in the 
upper third of the Trenton shales at Minneapolis, St. Paul amI Cannon Falls. As yet, it has not been 
detected in any of the divisions of the Galena, out in the lower beds of the Cincinnati group it is a com
mon fossil. The var. robusta was found in tt.e upper part of the Hudson River shales near Spring Valley, 
Minnesota, and occurs abundantly in the upper beds of the Cincinnati group at Waynesville and Oxford, 
Ohiu, Richmond and Versailles, Indiana, and many other localities in these states. 

Genus TETRADELLA Ulrich. 

Tetradella (part.) ULRICH, 1890. Jour. Cin. Soc. Nat. Rist. vol. xiii, p. 112. 
Strepula, ULRICH, 1889. Contri. to Can. Micro.-Pal., pt. 2, pp. 54,56, not of Jones and Holl. "Tri

sulcate" and" quadrijugate" Beyrichia (part.) of authors. 

Carapace somewhat oblong, often subquadrate, never tumid, with the hinge line 

straight. Surface depressed, with a semicircular marginal ridge; within the enclosed 

space, two, simple or slightly modified, equal or unequal, and more or less nearly 

vertical ridges unite below with the marginal ridge and extend upward from it, one 

in many cases failing to reach the dorsal margin. Free edges usually with a simple 

flattened border; in one case (T. subquadrata) thick and with the contact margllls 

concealed by a "false border." Surface smooth or granulose. 

Type: T. (Beyrichia) quadrilirata Hall and Whitfield. 



678 THE PALEONTOLOGY OF MINNESOTA. 
[Tetradella. 

In the original definition of this genus (loco cit.) I included as a section the 

species that I now separate as Ceratopsis, under which name they have been distin

guished in my private collection since 1881. I have been led to alter the opinion 

expressed in 1890, respecting the desirability of generically recognizing the 

distinguishing peculiarity of Ceratopsis by repeated comparison among the constantly 

increasing typical species of the genus. Of the fifteen good, and four somewhat 

doubtful species of Tetradella now known, not one shows the remotest sign of the 

"horns" of Ceratopsis. This horn-like process is a structural peculiarity, and while 

it may be analogous or even homologous with the central horn of jEchmina and the 

two horns of Dicranella, it is more highly organized, and surely deserves generic 

recognition when this rank is accorded to the more simple process in the two cases 

mentioned. In 1890 I thought it just possible that the feature might prove incon

stant, if not abnormal, but that is now quite out of the question since it is as constant 

as any peculiarity can be, being repeated in thousands of examples of each of the 

three American species, during unusually long geological ranges, and with a persist

ency of specific marking that would be most extraordinary if the feature was not 

of structural importance. 

The affinities of Tetradella seem to be with Ctenobolbina on the one hand and the 

"trisulcate" specie3 of Beyrichia, which as I have shown on page 668, are generically 

distinct from Beyrichia and provisionally to be viewed as a section of Bollia, on the 

other. In the former, however, there are only two or three ridges instead of four, 

the space occupied by the two posterior ridges in Tetradella being representedby a 

single large bulb. The valves also are more convex, especially when, as is generally 

the case, the anterior sulcus is wanting or but feebly developed, and the free edges 

are thicker, while the "false border," which is almost unknown in the present 

genus, is generally well developed in Ctenobolbina. 

The resemblance to the trisulcate Beyrichia is more marked and may prove 

troublesome to those who have not made a special study of the OBtracoda. Still, I 

remember no case now, in which one more or less well marked difference cannot be 

made out. Namely, in the" trisulcatrn" the arrangement of the sulci and ridges is 

approximately symmetrical and bilateral, the central sulcus being vertical, while 
• 

the two lateral sulci curve outwardly. In TetradeUa, however, this symmetrical 

arrangement is not evident since it is generally the case that all the sulci curve 

more or less posteriorly (,i. e. starting from the dorsal margin). 

But the principal reason for separating these forms from Tetradella is a genea

logical one. The" trisulcate" or "quadrijugate" Beyrichia, namely, are regarded as 

a development from the third section of Bollia described on page 668, and whi ch 
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In the original definition of this genus (loc. cit.) I included as a section the 

species that I now separate as Ceratopsis, under which name they have been distin

guished in my private collection since 1881. I have been led to alter the opinion 

expressed in 1890, respecting the desirability of generically recognizing the 

distinguishing peculiarity of Cera tops is by repeated comparison among the constantly 

increasing typical species of the genus. Of the fifteen good, and four somewhat 

doubtful species of Tetradella now known, not one shows the remotest sign of the 

"horns" of Cemtopsis. This horn-like process is a structural peculiarity, and while 

it may be analogous or even homologous with the central horn of .LEchmina and the 

two horns of Dicmnella, it is more highly organized, and surely deserves generic 

recognition when this rank is accorded to the more simple process in the two cases 

mentioned. In 1890 I thought it just possible that the feature might prove incon

stant, if not abnormal, but that is now quite out of the question since it is as constant 

as any peculiarity can be, being repeated in thousands of examples of each of the 

three American species, during unusually long geological ranges, and with a persist

ency of specific marking that would be most extraordinary if the feature was not 

of structural importance. 

The affinities of Tetradella seem to be with Ctenobolbina on the one hand and the 

"trisulcate" specie.s of Beyrichia, which as I have shown on page 668, are generically 

distinct from Be!Jrichia and provisionally to be viewed as a section of Bollia, on the 

other. In the former, however, there are only two or three ridges instead of four, 

the space occupied by the two posterior ridges in Tetradella being representedby a 

single large bulb. The valves also are more convex, especially when, as is generally 

the case, the anterior sulcus is wanting or but feebly developed, and the free edges 

are thicker, while the "false border," which is almost unknown in the present 

genus, is generally well developed in Ctenobolbina. 

The resemblance to the trisulcate Beyrichia is more marked and may prove 

troublesome to those who have not made a special study of the Ostracoda. Still, I 

remember no case now, in which one more or less well marked difference cannot be 

made out. Namely, in the" trisulcatffi" the arrangement of the sulci and ridges is 

approximately symmetrical and bilateral, the central sulcus being vertical, while , 
the two lateral sulci curve outwardly. In Tetradella, however, this symmetrical 

arrangement is not evident since it is generally the case that (ttl the sulci curve 

more or less posteriorly (i. e. starting from the dorsal margin). 

But the principal reason for separating these forms from Tetradella is a genea

logical one. The" trisulcate" or " q uadrijugate" Beyrichia, namely, are regarded as 

a development from the third section of Bollia described on page 668, and whi ch 



OSTRACODA. 679 
Tetradella qlladriUrata.] 

includes B. un,quloidea, B. persulcata, B. r'egularis, etc. A good demonstration of this 

line of development may be established already from known species. Compare, for 

instance, B. regularis Emmons sp., Lower Silurian, and Beyrichia clrlrlci Jones, B. 

halli, Jones, B. hieroglyphica Krause, B. trisuladr[ Ha.ll, and Klcedenia lciesowi Krause, 

Upper Silurian, and it is clear that the change from the first to the last was nothing 

more than a gradual coalescence of the ventral curves of the inner and outer ridges 

and the consequent obsolescence of the sulci. 

That B. trisulcata and similar forms could not have been developed from the 

typical trilobed (bisulcate) Beyr1'chia, nor from Klcedenia is perfectly clear to me, 

since it would be necessary to assume a division of the small or middle lobe of those 

genera, which I think I am safe in declaring, never took place. 

Tetradella is essentially a Lower Silurian genus, nearly all the typical species 

being restricted to strata belonging to, or equivalent to the Trenton and Cincinnati 

formations. In America we have T. quadrilirataHall and Whitfield, and val'. simplex 

Ulrich, T. lunatifera and T. subquadrata Ulrich. Of European species doubtlessly 

belonging to Tetradella I may mention Beyrichia complicata Salter, B. riueiriana 

Jones, B. affinis J., B. bussacensis J., B. Zacunata J., B. Jnarchica Krause, B. erratica K, 

B. palmata K, T. signata K, T. carinata K., and T. lwrpa K As somewhat doubtful 

Upper Silurian representatives, we may regard four species figured by Dr. Krause, 

viz.: Beyrichia digitata K, B. dissecta K, B. mamillosa K, and B. nodulosa Boll. In 

the first the ridges do not appear to unite ventrally, and in the last the anterior pair 

are peculiarly twisted together, while in the second and third all the ridges are 

divided into' nodes, two nodes taking the place of each ridge. 

TETRADELLA QUADRILIRATA Hall and Whi(field, and varieties. 

PLATE XLVI, FIGS. 1-11. 

Beyrichia quadrilirata H. and W., 1875. Pal. Ohio, vol. ii, p. 105. 
Beyrichia regularis MILLER, 1875. Cin. Quart. Jour. ScL, vol. ii, p. a5]' Not B. regularis Emmons 
Strepula quadrilirata ULRICII, 1889. Contri, to Can. Micro. Pal., pt. ii, p. 54. 
Tetradella quadrilirata ULRICH, 1890. Jour. Cin. Soc. Nat. Hist., vol. xiii, p. ]22. 

SIZE.-Length 1.10 mm.; hight 0.75 mm.; thickness 0.42 mm. 
Length 0.94 mm.; higbt 0.62 mm.; thickness 0.38 mm. 
Length 1.13 mm.; hight 0.70 mm.; thickness 0.55 mm. 

Figures 1 to 3 are taken from a representative specimen of the species as it 

occurs in the Trenton shales of Minnesota. It is also very nearly identical with the 

typical form which is found so abundantly in the upper beds of the Cincinnati group 

in Ohio and Indiana. The original of fig. 4 is from the Birdseye limestone at High 

Bridge, Kentucky. This is somewhat shorter and more oblique than usual. Figure 

7 represents a variety, not uncommon at Minneapolis, in which the ant.ero-median 

OSTRACODA. 679 
Tetradelia quadrllirata.] 

includes B. un,quloidea, B. persulcata, B. r'egularis, etc. A good demonstration of this 

line of development may be established already from known species. Compare, for 

instance, B. regularis Emmons sp., Lower Silurian, and Beyrichia cl(lrlci Jones, B. 

halli, Jones, B. hieroglyphica Krause, B. trisulCllt({ Ha.ll, and Klcedeni(f, lciesowi Krause, 

Upper Silurian, and it is clear that the change from the first to the last was nothing 

more than a gradual coalescence of the ventral curves of the inner and outer ridges 

and the consequent obsolescence of the sulci. 

That B. trisulcata and similar forms could not have been developed from the 

typical trilobed (bisulcate) Beyrichia, nor from Klcmlenia is perfectly clear to me, 

since it would be necessary to assume a division of the small or middle lobe of those 

genera, which I think I am safe in declaring, never took place. 

Tetradella is essentially a Lower Silurian genus, nearly all the typical species 

being restricted to strata belonging to, or equivalent to the Trenton and Cincinnati 

formations. In America we have T. quadrilirataHall and Whitfield, and var. simplex 

Ulrich, T. lunat1jera and T. subquadrato Ulrich. Of European species doubtlessly 

belonging to Tetradella I may mention Beyrichia complicata Salter, B. riveiriana 

Jones, B. affinis J., B. bussacensis J., B. lacunata J., B. marchica Krause, B. erratiat K., 
B. palmata K., T. signata K, T. cctrinata K., and T. harp((, K. As somewhat doubtful 

Upper Silurian representatives, we may regard four species figured by Dr. Krause, 

viz.: Beyrichia digitata K, B. dissecla K, B. mmnillosCt K., and B. nodulosCl Boll. In 

the first the ridges do not appear to unite ventrally, and in the last the anterior pair 

are peculiarly twisted together, while in the second and third all the ridges are 

divided into' nodes, two nodes taking the place of each ridge. 

TETRADELLA QUADRILIRATA Hall and Whif;field, and varieties. 

PLATE XLVI, FIGS. 1-11. 

Beyrichia quadrilirata H. and W., 1875. Pal. Ohio, vol. ii, p. 105. 
BeY1'ichia regularis MILLER, 1875. Cin. Quart. Jour. ScL, vol. ii, p. a5]' Not B. regularis EillIllons 
Strepula quadrilirata ULRICII, 1889. Contri, to Can. Micro. Pal., pt. ii, p. 54. 
Tetradella quadrilirata ULRICH, 1890. Jour. Cln. Soc. Nat. Hist., vol. xiii, p. 122. 

SIZE.-Length 1.10 mm.; hight 0.75 mill.; thickness 0.42 Illill. 
Length 0.94 mm.; higbt 0.62 mm.; thickness 0.38 III ill. 
Length 1.13 mm.; hight 0.70 mm.; thickness 0.55 mill. 

Figures 1 to 3 are taken from a representative specimen of the species as it 

occurs in the Trenton shales of Minnesota. It is aJso very nearly identical with the 

typical form which is found so abundantly in the upper beds of the Cincinnati group 

in Ohio and Indiana. The original of fig. 4 is from the Birdseye limestone at High 

Bridge, Kentucky. This is somewhat shorter and more obJique than usual. Figure 

7 represents a variety, not uncommon at Minneapolis, in which the antero-median 
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lTetradella lunatifera. 

ridge has a decided thickening above, ana is less distinctly divided below. The two 

posterior ridges also are not entirely distinct. In the majority of these lower Trenton 

representatives of the species a delicate ridge or raised line is to be noticed just 

within the posterior portion of the marginal ridge. This is wanting, as far as 

observed, in the Ohio specimens, but in the related T. lunaHjera this small ridge is 

represented by one that is quite as strong as the marginal ridge itself. 

Figures 9 to 11 are taken from a variety of which several examples were collected 

at Fountain, Minnesota. These are thicker ventrally than usual (see the last of the 

series of measurements given above), longer, and have an unusually wide flattened 

border, turned outward at the edge. Some slight differences may also be noticed 

in the characters of the median ridges, but the most striking of all their peculiarities 

is the absence of the fi,Te marginal cavities. In some respects these specimens agree 

very well with the val'. simplex described by the author from Hudson River shales 

in Manitoba, but as they are not identical another subordinate name might appro
priately be applied to them. 

Formation and ZocaZity.-Birdseye limestone, High Bridge, Kentucky; middle and upper third of 
the Trenton shales, Minneapolis, St. Paul, Cannon Falls, Fountain, and other localities in Minnesota; 
upper beds of the Cincinnati group at ClarkSVille, Blanchester, WayneSVille and Oxford, in Ohio, Rich
mond and Versailles in Indiana. 

TETRADELLA LUNATIFERA Ulrich. 

PLATE XLV], FIGS. 12-14. 

StrepuZa lunatifera ULRICH, 1889. Contri. to Can. Micro.-Pal., ii, p. 56. 
Teimdella lunatifera ULRICH, 1890. Jour. Cin. Soc. Nat. Hist., vol. xiii, p. 112. 

a. 

Fig. 51.-Two val ves of T. lunati/era from the Galena shales near Cannon Falls, x22; showing differ
ences in the ridges. 

SIZE.-Length 1.28 mm.; hight 0.75 mm.; thickness 0.58 mm. 

This species is in a general way much like T. quadrilirata but differs more or less 

obviously from that, as well as from all other species now referred to the genus, in 

having in all six ridges instead of the usual four. Two of this number however were 

produced by division of the posterior and antero-median ridges. All four of the 

inner ridges may be, as shown in the above cut, separate except at their lower ends 

where they unite with the marginal ridge. In others (see plate XLVI, fig. 12) the 

antero-median pair may be so near each other as to form practically but a single 

ridge. In others again this pair is united above and below but bent in such a 

manner that they enclose a crescent-shaped hollow space. Finally, in a few cases 
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ridge has a decided thickening above, ana is less distinctly divided below. The two 

posterior ridges also are not entirely distinct. In the majority of these lower Trenton 

representatives of the species a delicate ridge or raised line is to be noticed just 

within the posterior portion of the marginal ridge. This is wanting, as far as 

observed, in the Ohio specimens, but in the related T. lunatifera this small ridge is 

represented by one that is quite as strong as the marginal ridge itself. 

Figures 9 to 11 are taken from a variety of which several examples were collected 

at Fountain, Minnesota. These are thicker ventrally than usual (see the last of the 

series of measurements given above), longer, and have an unusually wide flattened 

border, turned outward at the edge. Some slight differences may also be noticed 

in the characters of the median ridges, but the most striking of all their peculiarities 

is the absence of the fi,Te marginal cavities. In some respects these specimens agree 

very well with the val'. simplex described by the author from Hudson River shales 

in Manitoba, but as they are not identical another subordinate name might appro

priately be applied to them. 

Formation and locality.-Birdseye limestone, High Bridge, Kentucky; middle and upper t,hird of 
the Trenton shales, Minneapolis, St. Paul, Cannon Falls, Fountain, and other localities in Minnesota; 
upper beds of the Cincinnati group at ClarkSVille, Blanchester, Waynesville and Oxford, in Ohio, Rich
mond and Versailles in Indiana. 

TETRADELLA LUNATIFERA Ulrich. 

PLATE XLVl, FIGS. 12~14. 

Strepula lunatifera ULRICH, 1889. ContrL to Can. Micro.-PaL ii, p. 56. 
Telmdella lunati/era ULRICH, 1890. Jour. Cin. Soc. Nat. Rist., vol. xiii, p. 112. 

a. 

Fig. 51.-Two valves of T. lunat~fera from the Galena shales near Cannon Falls, x22; showing differ
ences in the ridges. 

SlZE.-Length 1.28 mm.; hight 0.75 mm.; thickness 0.58 mm. 

This species is in a genera] way much like T. quadrilirata but differs more or less 

obviously from that, as well as from all other species now referred to the genus, in 

having in all six ridges instead of the usual four. Two of this number however were 

produced by division of the posterior and antero-median ridges. All four of the 

inner ridges may be, as shown in the above cut, separate except at their lower ends 

where they unite with the marginal ridge. In others (see plate XLVI, fig. 12) the 

antero-median pair may be so near each other as to form practically but a single 

ridge. In others again this pair is united above and below but bent in such a 

manner that they enclose a crescent-shaped hollow space. Finally, in a few cases 
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Moorea.) 

among Ohio and Manitoba specimens, the ventral connection between the inner and 

marginal ridges is obsolete. 

The Minnesota specimens, although from a much lower horizon than the types, 

cannot be distinguished from them even as a good variety. 

Formation and locality.-Galena shales (Nematopora beds), near Oanuon Falls, Minnesota; upper 
beds of the Oincinnati or Hudson River formation at Oxford, OhiO, and Stony Mountain, Manitoba. 

Genus MOOREA, Jones and Kirkby. 

Moorea, JONES and KIRKBY, 1867. Quart. Jour. Geol. Soc., vol. xxiii, p. 494; 18fi9. Ann. Mag. Nat. 
Hist., ser. 4, vol. iii, p.225, and 1886, ser. 5, vol. xviii, p. 261; 1887, Proc. 
Geol. Assoc., vol. ix, p. 508. 

Carapace very small, more or less oblong or ovate, with the valves compressed, 

rather thick shelled, smooth, punctate or granulose, and bounded by a raised 

marginal ridge; the ridge may be developed only at each end, or it may continue 

all around. Within the marginal ridge, the flat or gently convex surface shows no 

trace of a sulcus, pit, nor of lobes. 

Types: M. obesa and M. temtis Jones and Kirkby. 

This genus is now for the first time recognized in Lower Silurian rocks, and 

two of the species to be described fairly illustrate the characters of the genus. The 

third, M. ? perplexa, is of doubtful affinities. A fourth species, M. smithii, has been 

described by Prof. T. Rupert Jones from the Wenlock. This seems to be a question

able Mom'ea, the carapace being too convex and blunt at the ends, while the ridge, 

which should be submarginal, is here central and bifurcated posteriorly. A fifth 

species, M. kirkbyi, described from the Corniferous limestone of Ontario by the same 

author, is not far removed from M. angularis, while in the sixth M. bicomuta Ulrich, 

from the Hamilton, the anterior end bears two spines. M. granosa Ulrich, from the 

Chester group of Kentucky, is peculiar in having a granulose marginal ridge and a 

rounded sub central spot outlined by a row of minute papillrn. The original types 

are from the Carboniferous rocks of southern England. 

All these species are distinguished from Kirkbya, Jones, certain species of which 

they greatly resembly, by the absence of a central pit. Some also resemble Placentula 

Jones and Holl, and certain species of Bollia, but the first of these genera has a small 

dorsal loop and· sulcus, while the latter always has a horseshoe-shaped ridge of which 

no trace is to be observed in Moorea. The valves in the new genus Macronotella are 

more convex and without the marginal ridge. 

OSTRACODA. 681 
Moorea.l 

among Ohio and Manitoba specimens, the ventral connection between the inner and 

marginal ridges is obsolete. 

The Minnesota specimens, although from a much lower horizon than the types, 

cannot be distinguished from them even as a good variety. 

Formation and locality.-Galena shales (Nematopora beds), near Cannon Falls, Minnesota; upper 
beds of the Cincinnati or Hudson River formation at Oxford, Ohio, and Stony Mountain, Manitoba. 

Genus MOOREA, Jones and Kirkby. 

Moorea, JONES and KIRKBY, 1867. (~uart. Jour. Geol. Soc., vol. xxiii, p.494; 18G9. Ann. Mag. Nat. 
Hist., ser. 4, vol. iii, p.225, and 1886, sel'. 5, vol. xviii, p. 261; 1887, Proc. 
Geo!. Assoc., vol. ix, p. 508. 

Carapace very small, more or less oblong or ovate, with the valves compressed, 

rather thick shelled, smooth, punctate or granulose, and bounded by a raised 

marginal ridge; the ridge may be developed only at each end, or it may continue 

all around. Within the marginal ridge, the flat or gently convex surface shows no 

trace of a sulcus, pit, nor of lobes. 

Types: M. obesa and AI. tenuis Jones and Kirkby. 

This genus is now for the first time recognized in Lower Silurian rocks, and 

two of the species to be described fairly illustrate the characters of the genus. The 

third, M.? perplexa, is of doubtful affinities. A fourth species, M. smithii, has been 

described by Prof. T. Rupert Jones from the Wenlock. This seems to be a question

able Moorea, the carapace being too convex and blunt at the ends, while the ridge, 

which should be submarginal, is here central and bifurcated posteriorly. A fifth 

species, AI. kirkbyi, described from the Corniferous limestone of Ontario by the same 

author, is not far removed from 11f. angularis, while in the sixth M. bicornuta Ulrich, 

from the Hamilton, the anterior end bears two spines. ]Jf. granosa Ulrich, from the 

Chester group of Kentucky, is peculiar in having a granulose marginal ridge and a 

rounded subcentral spot outlined by a row of minute papillm. The original types 

are from the Carboniferous rocks of southern England. 

All these species are distinguished from Kirkbya, Jones, certain species of which 

they greatly resembly, by the absence of a central pit. Some alsO resemble Placentula 

Jones and Holl, and certain species of Bollia, but the first of these genera has a small 

dorsal loop and sulcus, while the latter always has a horseshoe-shaped ridge of which 

no trace is to be observed in Moorea. The valves in the new genus Macronotella are 

more convex and without the marginal ridge. 
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MooRE.A ANGULARIS, n. sp. 

PLATE XLIII. FIG 89. PLATE XLVI, FIGS. 15-16. 

SIZE.-Length 0.67 mm.; hight 0.40 mm.; thickness 0.23 mm.; length of hinge line 0.65 mm. 

Valves compressed, suboblong, slightly leperditoid in outline, the posterior end 

a little wider than the anterior; hinge line straight, nearly or quite as long as the 

greatest length of the valve, with the dorsal angles acute; beneath them the outline 

is nearly semicircular; ridge thin, almost marginal, strongest ventrally, wanting or 

scarcely distinguishable dorsally; surface smooth, nearly fiat. 

Two specimens only have been seen of this species. Both are figured, the one 

from Minneapolis on plate XLIII, the other, from Fountain, on plate XLVI. The latter 

is the larger of the two and differs from the other, which is to be regarded as the 

type, in several respects. Possibly it is distinct, but as it has evidently suffered from 

weathering or maceration, the differences may not be normal, hence I perfer for the 

present to classify it as an imperfect valve of M. angularis. 

The almost fiat, though thick-edged valves of this species, cannot be mistaken, so 

that comparisons are quite unnecessary. 

Formation and locaZity.-Middle third (Rhinic1ictya bed) of the Trenton shales, Minneapolis, and 
near Fountain, Minnesota. 

MooREA PUNCTATA, n. sp. 

PLATE XLIII. FIGS. 84-88. 

SIZE.-Length 0.40 mm.; hight 0.24 mm.; thickness 0.18 mm. 
Length 0.50 mm.; hight 0.32 mm.; thickness 0.22 mm. 

Valves somewhat oblong-quadrate, the hinge nearly straight, about one-fifth 

shorter than the greatest length of the carapace; dorsal angles distinct; ends sub

equal; not strongly rounded, sometimes obliquely truncate above; marginal ridge 

developed along the anterior, ventral and posterior borders, thinnest and least 

prominent ventrally, thickest and somewhat club-shaped posteriorly, the ends 

terminating abruptly. before reaching the dorsal angles; ridge usually continuous, 

but occasionally incomplete ventrally. Within the ridge the surface is fiat and 

minutely punctate; above it descends abruptly to the hinge line. 

A neat little species, reminding considerably of Placentula excavata Jones and 

Holl, and of species of Bollia like B. vinei J. and H., or B. sub(lJquata. It is smaller 

than Moorea angularis, has less pronounced dorsal angles, a punctate surface, and 
different marginal ridge. 

Formation and locaZity.-Upper third (Phylloporina bed) of the Trenton shales, St. Paul, Minnesota. 
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MooRE.A ANGULARIS, n. sp. 

PLATE XLIII, FIG 89. PLATE XLVI, FIGS. 15-16. 

SIZE.-Length 0.67 mm.; hight 0.40 mm.; thickness 0.23 mm.; length of hinge line 0.65 mm. 

Valves compressed, suboblong, slightly leperditoid in outline, the posterior end 

a little wider than the anterior; hinge line straight, nearly or quite as long as the 

greatest length of the valve, with the dorsal angles acute; beneath them the outline 

is nearly semicircular; ridge thin, almost marginal, strongest ventrally, wanting or 

scarcely distinguishable dorsally; surface smooth, nearly fiat. 

Two specimens only have been seen of this species. Both are figured, the one 

from Minneapolis on plate XLIII, the other, from Fountain, on plate XLVI. The latter 

is the larger of the two and differs from the other, which is to be regarded as the 

type, in several respects. Possibly it is distinct, but as it has evidently suffered from 

weathering or maceration, the differences may not be normal, hence I perfer for the 

present to classify it as an imperfect valve of M. angularis. 

The almost fiat, though thick-edged valves of this species, cannot be mistaken, so 

that comparisons are quite unnecessary. 

Formation and locality.-Middle third (Rhinielictya beel) of the Trenton shales, Minneapolis, and 
near Fountain, Minnesota. 

MOOREA PUNCTATA, n. sp. 

PLATE XLIII. FIGS. 84-88. 

SIZE.-Length 0.40 mm.; hight 0.24 mm.; thickness 0.18 mm. 
Length 0.50 mm.; hight 0.32 mm.; thickness 0.22 mm. 

Valves somewhat oblong-quadrate, the hinge nearly straight, about one-fifth 

shorter than the greatest length of the carapace; dorsal angles distinct; ends sub

equal; not strongly rounded, sometimes obliquely truncate above; marginal ridge 

developed along the anterior, ventral and posterior borders, thinnest and least 

prominent ventrally, thickest and somewhat club-shaped posteriorly, the ends 

terminating abruptly. before reaching the dorsal angles; ridge usually continuous, 

but occasionally incomplete ventrally. Within the ridge the surface is flat and 

minutely punctate; above it descends abruptly to t.he hinge line. 

A neat little species, reminding considerably of Placentula excavata Jones and 

Holl, and of species of Bollia like B. vinei J. and H., or B. subr.equata. It is smaller 

than Moorea angularis, has less pronounced dorsal angles, a punctate surface, and 

different marginal ridge. 

Formation and locality.-Upper third (Phylloporina bed) of the Trenton shales, St. Paul, Minnesota. 
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MOOREA ~ PERPLEXA, n. Sp. 

PLATE XLVI, FIGS. 17 'LIId 18. 

SIZE.-Length 0.85 mm.; hight 0.62 mm .. 

The figures present such a remarkable valve that I am quite unable to account 

for its peculiarities. Unfortunately the original of the drawings, which were made 

four years ago, has been mislaid or lost, so that I am obliged to publish them without 

a final verification of the characters shown. It may really be a lI1oorea, but I doubt 

it. Or it may be related to Placentu,la. With more material its affinities may become 

clear, and it is the hope that collectors will search for and perhaps succeed in 

rediscovering the species, that has induced me to retain it in my report. 

Formation and locality.-Middle third (Rhinidictya bed) of the Trenton shales, near Fountain, 
Minnesota. 

Genus MACRONOTELLA, n. gen. 

Carapace convex, semicircuJa,r or semiovate, with a long, nedrly straight, hinge; 

valves equal, full centro-dorsally, without ridges or a sulcus, but exhibiting a smooth 

subcentral spot where the ornament is omitted; surface, in the only species known, 

coarsely punctate. 

Type: M. scofieldi, n. sp. 

I saw no way to escape the responsibility of erecting a new genus for the fol

lowing species without forcing it into one of several that I am fully persuaded ought 

not to receive it. The long hinge, semicircular outline, and almost perfectly equal 

ends, rendering it difficult to distinguish one from the other, give it an expression 

peculiarly its own. Kirkbya penniana Jones, it is true, has a somewhat similar form, 

but like all the species of that genus, it has also a marginal ridge and a subcentral 

pit, neither of which are present in the species under consideration. Still, the 

smooth spot mentioned above probably represents the pit of Kirkbya, and it is with 

this genus that I think the affinities of ]lacronotella lie rather than with either 

Aparchites or Isochilina. The Isochilina rectangularis Ulrich (Jour. Cin. Soc. Nat. 

Hist" vol. 13, p. 182; 1890) from the Devonian at the falls of the Ohio, may be 

congeneric with M. scofieldi, there being some similarity in their outlines, but as 

the surface of the Devonian form is perfectly smooth and not inflated centro

dorsally, I hesitate to say it is. 
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Moorea? perplexa.] 

MOOREA ~ PERPLEXA, n. Sp. 

PLATE XLVI, FIGS. 17 :LTleI 1R. 

SIZE.-Lengtb 0.85 mm.; hight 0.62 mm .. 

The figures present such a remarkable valve that I am quite unahle to account 

for its peculiarities. Unfortunately the original of the drawings, which were made 

four years ago, has been mislaid or lost, so that I am obliged to publish them without 

a final verification of the characters shown. It may really be a l\1oorea, but I doubt 

it. Or it may be related to Placentu,la. With more material its affinities may become 

clear, and it is the hope that collectors will search for and perhaps succeed in 

rediscovering the species, that has induced me to retain it in my report. 

Formation and locality.-Middle third (Rhinidictya bed) of the Trenton shales, near Fountain, 
Minnesota. 

Genus MACRONOTELLA, n. gen. 

Carapace convex, semicircula,r or semiovatE', with a long, necLrly straight, hinge; 

valves equal, full centro-dorsally, without ridges or a sulcus, but exhibiting a smooth 

subcentral spot where the ornament is omitted; surface, in the only species known, 

coarsely punctate. 

Type: M. scofieldi, n. sp. 

I saw no way to escape the responsibility of erecting a new genus for the fol

lowing species without forcing it into one of several that I am fully persuaded ought 

not to receive it. The long hinge, semicircular outline, and almost perfectly equal 

ends, rendering it difficult to distinguish one from the other, give it an expression 

peculiarly its own. Kirkbya penniana Jones, it is true, has a somewhat similar form, 

but like all the species of that genus, it has also a marginal ridge and a sub central 

pit, neither of which are present in the species under consideration. Still, the 

smooth spot mentioned above probably represents the pit of Kirkbya, and it is with 

this genus that I think the affinities of Macronotella lie rather than with either 

Aparchites or Isochilina. The Isochilina rectangu,laris Ulrich (Jour. Cin. Soc. Nat. 

Hist" vol. 13, p. 182; 1890) from the Devonian at the falls of the Ohio, may be 

congeneric. with M. scofieldi, there being some similarity in their outlines, but as 

the surface of the Devonian form is perfectly smooth and not inflated centro

dorsally, I hesitate to say it is. 
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MACRoNoTELLA SCOFIELDI, n. sp. 

PLATE XLIII, FIGS. 30-34. 

SIZE.-Fig.30. Length 1.57 mm.; hight 1.05 mm.; tbickness 0.78 mm. 
Fig. 33. Length 2.20 mm.; higbt 1.33 mm.; thickness 1.05 mm. 

Val ves varying in length, semiovate or nearly semicircular, the dorsal outline 

not quite straight, being somewhat prominent centrally; free edges with a sharply 

impressed furrow, forming a beveled border; surface strongly convex, rather full in 

the centro-dorsal region, and marked, except on the ends and along the ventral 

border, by rather large and somewhat distant pits; a row of these pits, more closely 

arranged than usual, encircles a smooth subcentral spot. 

Of the two bpecimens figured, the smaller is from Minnesota, the other from 

Kentucky. The latter, it will be observed, is not only larger, but also proportionally 

longer at the hinge line. The smooth spot, furthermore, is less centmlly situated. 

I attach no importance to these differences, believing that they are quite within the 

ordinary limits of local, if not individual variation. 

Named for Mr. W. H. Scofield, of Cannon Falls, Minnesota, to whom not only 

the author, but the Geological Survey of the state as a whole, is indebted for much 

valuable assistance. He has been particularly active in the development of the 

paleontology and stratigraphy of the Lower Silurian rocks of the state. 

Formation and locality.-Lower Trenton limestone, near Cannon Falls, Minne8ota; Birdseye lime
stone, High Bridge, Kentucky. 

Family CYTHERELLIDlE. 

Genus CYTHERELLA, Jones and Bosquet. 

Cytherella JONES, 1848, Subgenus of Cythere; Monog. Entom. Cret. Form., p. 28; BOSQUET, 1852, as 
a distinct genus; Desc. Entom. Foss. Terr. Tert., p. 10. 
JONES and KIRKBY, ]867. 
JONES, KIRKBY and BRADY,1884. MaDog. Carbo Etom., Pal. Soc. p. 70. 

Carapace oblong or ovate, compressed, especially in front; smooth or pitted; 

valves thick and unequal, the right being much the larger and having its edge 

grooved or rabbeted all round on the inner side for the reception of the edge of the 

left valve; muscle-spot indicated by a roundish depression near the center of the 

valve externally, and by a corresponding thickening within. Length 0.5-1.4 mm. 
Type: Cytherella ovata Reemer sp. 

This genus was founded upon Cretaceous, Tertiary and recent species, but no 

less than twenty Carboniferous forms, chiefly European, have been described as 

congeneric with the type by Jones, Kirkby, Brady and Ulrich. So far as their 

affinities may be determined from the carapace alone, the greater part if not all of 
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impressed furrow, forming a beveled border; surface strongly convex, rather full in 

the centro-dorsal region, and marked, except on the ends and along the ventral 

border, by rather large and somewhat distant pits; a row of these pits, more closely 

arranged than usual, encircles a smooth subcentral spot. 

Of the two bpecimens figured, the smaller is from Minnesota, the other from 

Kentucky. The latter, it will be observed, is not only larger, but also proportionally 

longer at the hinge line. The smooth spot, furthermore, is less centrally situated. 

I attach no importance to these differences, believing that they are quite within the 

ordinary limits of local, if not individual variation. 

Named for Mr. W. H. Scofield, of Cannon Falls, Minnesota, to whom not only 

the author, but the Geological Survey of the state a'l a whole, is indebted for much 

valuable assistRnce. He has been particularly active in the development of the 

paleontology and stratigraphy of the Lower Silurian rocks of the state. 

Formation and locality.-Lower Trenton limestone, near Cannon Falls, Minne8ota; Birdseye lime
stone, High Bridge, Kentucky. 

Family CYTHERELLIDlE. 

Genus CYTHERELLA, Jones and Bosquet. 

Cytherella JONES, 1848, Subgenus of Cythere; Monog. Entom. Cret. Form., p. 28; BOSQUET, 1852, as 
a distinct genus; Desc. Entom. Foss. Terr. Tert., p. 10. 
JONES and KIRKBY, ]867. 
JONES, KIRKBY and BRADY, 1884,. Monog. Carbo Etom., Pal. Soc. p. 70. 

Carapace oblong or ovate, compressed, especially in front; smooth or pitted; 

valves thick and unequal, the right being much the larger and having its edge 

grooved or rabbeted all round on the inner side for the reception of the edge of the 

left valve; muscle-spot indicated by a roundish depression near the center of the 

valve externally, and by a corresponding thickening within. Length 0.5-1.4 mm. 
Type: Cytherella ovata Rcemer sp. 

This genus was founded upon Cretaceous, Tertiary and recent species, but no 

less than twenty Carboniferous forms, chiefly European, have been described as 

congeneric with the type by Jones, Kirkby, Brady and Ulrich. So far as their 

affinities may be determined from the carapace alone, the greater part if not all of 
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these appear to be within the limits of the genus. Prof . .J ones has also referred 

several Lower and Upper Silurian species to the genus, but here, it seems to me, the 

generic relations are in every case at least doubtful. The following two species at 

any rate, are almost certainly not Cytherella, yet: they must be placed here because 

their known characters are more in accordance with this genus than with any of 

the others that have been established. 

At present the principal diagnostic feature of Cytherella, that is, with the 

paleontologist, is the rabbeted edge of the right valve. 'rhis peculiarity, if my 

memory is not at fault, has not yet been shown to exist in any of the Silurian 

species hitherto referred to the genus. It does however exist, and very strongly 

developed too, in an undescribed species from the lower beds of the Cincinnati group. 

In this species, however, unless all the specimens seen (about twenty) are of one 

valve only, the edges of both valves are about equally grooved. 

For remarks on Cytherellina, .Jones and Holl, see under Bythocypris and B. 

cylindrica. 

CYTHERELLA ~ SUBROTUNDA, n. sp. 

PLATE XLIV, FIG. 43. 

SIZE.-Length 0.5 mm.; hight 0.45 mm. 

This species is founded upon a single carapace attached to the surface of a 

fragment of the zoarium of Pachydictya foliata. The smaller valve is exposed to 

view, and around it the overlapping edge of the larger, presumably the right valve, 

is distinctly defined. The outline is broad-oval, almost circular, and as neal' as can 

be determined, the surface of the smaller valve is moderately and quite uniformly 

convex, and exhibits neither a central depression, a tubercle, nor markings of any 

kind. The specimen was found in association with valves described on a preceding 

page as Schmidtella? subrotunda. They are distinguished by a small, subcentral 

tubercle, but as they have the same rounded outline, it is possible that a better 

preserved series of specimens may show them all to belong to one species. That the 

synonomy may, in case the possibility is converted into a fact, be simplified, I have 

used the same specific name for both. 

Formation and locality.-Lower third of the Trenton shales, Minneapolis, Minnesota. 
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these appear to be within the limits of the genus. Prof. Jones has also referred 

several Lower and Upper Silurian species to the genus, but here, it seems to me, the 

generic relations are in every case at least doubtful. The following two species at 

any rate, are almost certainly not Cytherella, yet: they must be placed here because 

their known characters are more in accordance with this genus than with any of 

the others that have beeu established. 

At present the principal diagnostic feature of Cytherella, that is, with the 

paleontologist, is the rabbeted edge of the right valve. This peculiarity, if my 

memory is not at fault, has not yet been shown to exist in any of the Silurian 

species hitherto referred to the genus. It does however exist, and very strongly 

developed too, in an undescribed species from the lower beds of the Cincinnati group. 

In this species, however, unless all the specimens seen (about twenty) are of one 

valve only, the edges of both valves are about equally grooved. 

For remarks on Cytherellina, Jones and Holl, see under Bythocypris and B. 

cylindrica. 

CYTHERELLA ~ SUBROTUNDA, n. sp. 

PLATE XLIV, FIG. 43. 

SIZE.-Length 0.5 mm.; hight 0.45 mm. 

This species is founded upon a single carapace attached to the surface of a 

fragment of the zoarium of Pachydictya foliata. The smaller valve is exposed to 

view. and around it the overlapping edge of the larger, presumably the right valve, 

is distinctly defined. The outline is broad-oval, almost circular, and as near as can 

be determined, the surface of the smaller valve is moderately and quite uniformly 

convex, and exhibits neither a central depression, a tubercle, nor markings of any 

kind. The specimen was found in association with valves described on a preceding 

page as Schmidtella? subrotunda. They are distinguished by a small, subcentral 

tubercle, but as they have the same rounded outline, it is possible that a better 

preserved series of specimens may show them all to belong to one species. That the 

synonomy may, in case the possibility is converted into a fact, be simplified, I have 

used the same specific name for both. 

Formation and locality.-Lower third of the Trenton shales, Minneapolis, Minnesota. 
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CYTHERELLA? RUGOSA Jones, and var. AReTA, n. var. 

PLATE XLIII, FIGS. 21-25. 

Cytheropsis nlgosa JONES, 1858. Ann. Mag. Nat. Rist., ser. 3, vol. i, p. 254, pI. x, tlgs:a and 4; also 
1858. Geol. Sur. Can., decade iii, p. 100. 

Cytherella? rugosa JONlJ;S, 1891. ContrL Oan. Micro.-Pal., pt. iii, p. 99. 

SIZE.-Length O.\J mm.; hight 0.58 mm.; thickness about 0.34 mm. Var. areta, length 0.96 mm.; 
bight 0.53 mm. Prof. Jones' type specimen is said to be 0.83 mm. long, and 0.54 mm. 
high. 

Carapace small, blunt at the ends; outline subreniform, rounded at both ends, 

the anterior one narrower than the other; of the upper and lower margins, one is 

nearly straight; the other strongly convex. Surface coarsely pitted, the pitting 

extending over all parts except a small spot situated, if we consider the straight 

margin as dorsal, beneath the center of the valves. 

Fig. 25 represents a variety differing from the typical form in having the anterior 

end drawn out. It may be called variety areta. 

The generic position of this species is very doubtful. The typical form resembles 

Aparehites minutissimus, val'. trentonensis, figured on the same plate, but the outline 

of var. areta is much more like that of Bythoeypris eylindriea Hall (see plate XLIV). 

It seems very doubtful to me that the species belongs to Cytherella, but as I am 

unable to suggest a better arrangement, I have adopted Prof. Jones' latest suggestion. 

Formation and locality.-Top of the Galena shales (Nematopora bed), near Cannon Fans, Minnesota. 
Variety arcta is from the middle division of the Galena (Fusispira bed) near the same locality. 

Family CYPRIDJE. 

Genus BYTHOCYPRIS, Brady. 

Bythoeypris, BRADY, 1880. Rept. Ostracoda, "Ohallenger," p. 45; JONES and KIRKBY, 1886, Ann. 
Mag. Nat. Hist., ser. 5, vol. xviii, p.250; also 1887, Proc. Geologist Assoc., 
vol. ix, p. 510; JONES, 1887, Ann. Mag. Nat. Rist., ser. 5, vol. xix, p. 184; 
ULRICn, 1890, Jour. Cin.Soc. Nat. Rist., vol. xiii, p. 196. 

Carapace smooth, more or less reniform; left valve larger than the right, over

lapping it on both the dorsal and ventral margins; dorsal margin strongly convex, 

ventral margin usually straight or slightly concave. 

This is a recent genus into which a number of Paleozic Ostracoda have been 

placed by Prof. T. Rupert Jones and others. Whether this extension of the genus is 

justified or not, I am unprepared to say. It seems to me, however, that some of the 

species might with equal propriety be referred to other genera of the marine Cypridce. 

But as I have not given the subject the thought and time which its great difficulty· 

necessitates, my present judgment can have little value when opposed to that of 
Prof. .Jones. 
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SIzE.-Length O.\J mm.; hight 0.58 mill.; thickness about 0.34 mm. Var. areta, length 0.96 mm.; 
hight 0.ii3mm. Prof. Jones' type specimen is said to be 0.83 mm. long, and 0.54 mm. 
high. 

Carapace small, blunt at the ends; outline subreniform, rounded at both ends, 

the anterior one narrower than the other; of the upper and lower margins, one is 

nearly straight; the other strongly convex. Surface coarsely pitted, the pitting 

extending over all parts except a small spot situated, if we consider the straight 

margin as dorsal, beneath the center of the valves. 

Fig. 25 represents a variety differing from the typical form in having the anterior 

end drawn out. It may be called variety areta. 

The generic position of this species is very doubtful. The typical form resembles 

Aparehites minutissimus, var. trentonensis, figured on the same plate, but the outline 

of var. areta is much more like that of Bythoeypris eylindriea Hall (see plate XLIV). 

It seems very doubtful to me that the species belongs to Cytherella, but as I am 

unable to suggest a better arrangement, I have adopted Prof. Jones' latest suggestion. 

Formation and locality.-Top of the Galena shales (Nematopora bed), near Oannon Falls, Minnesota. 
Variety arcta is from the middle division of the Galena (Fusispira bed) near the same locality. 

Family CYPRIDJE. 

Genus BYTHOCYPRIS, Brady. 

Bythocypris, BRADY, 1880. Rept. Ostracoda, "Ohallenger," p. 45; JONES and KIRKBY, 1886, Ann. 
Mag. Nat. Hist., ser. 5, vol. xviii, p. 250; also 1887, Proc. Geologist Assoc., 
vol. ix, p. 510; JONES, 1887, Ann. Mag. Nat. Rist., ser. 5, vol. xix, p. 184; 
ULRICH, 1890, Jour. Oin.Soc. Nat. Rist., vol. xiii, p. 196. 

Carapace smooth, more or less reniform; left valve larger than the right, over

lapping it on both the dorsal and ventral margins; dorsal margin strongly convex, 

ventral margin usually straight or slightly concave. 

This is a recent genus into which a number of Paleozic Ostracoda have been 

placed by Prof. T. Rupert Jones and others. Whether this extension of the genus is 

justified or not, I am unprepared to say. It seems to me, however, that some of the 

species might with equal propriety be referred to other genera of the marine Cypridce. 

But as I have not given the subject the thought and time which its great difficulty' 

necessitates, my present judgment can have little value when opposed to that of 
Prof . .Jones. 
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Respecting the species about to be described and those which I have in previous 

papers referred ~o Bythocypris, it i~ sufficient to say that in nearly every instance 

they agree closely with one or another of the species which Prof. Jones has placed 

under the genus. 

It may be well to call attention to the fact that the Silurian genus Cytherellina, 

Jones and Holl, * is founded upon species very similar externally to some of the 

Silurian Bythocyprides. Whether any of the latter have the obscure internal 

thickenings of the test which are said to characterize Cytherellina is unknown, but 

considering the similarity of their external features, it seems a little strange that 

Prof. Jones has not remarked upon it in his more recent writings. 

BYTHOCYPRIS CYLINDRICA IIall. 

PLATE XLIV, FIGS. 29-35. 

Leperditia (Isochilinaj cyl-indrica HALL, 1872, Twenty-fourth Rep. St. Cab. N. Y., p. 231, pI. VIII, 

fig. 12; HALL and WHITFIELD, 1875, Pal. Ohio, vol. ii, p, 101, pI. IV, fig. 5. 
(Figured in reversed position.) 

Isochilina cylindrica MILLEH, 1875. Cin. Quart. Jour. Sci., vol ii, p. 351. 
Bythocypris cylindrir;a ULmcH, 1889. Contri. Can. Micro.-Pal., p. 2, p. 48. (Nut pI. IX, fig. 6.) 
Prirnitia rninuta (part.) (EICHWALD) JONES, 1890. Quart. Jour. Geol. Soc., vol. xvi, p. 7, pI. III, figs. 

18 and 19; not figs. 21-23. 

SIZE.-Length 1.30 mOl.; hight 0.65 mOl.; thickness 0.5 mOl. 
Length 0.71 mOl.; hight 0.32 mOl.; thickness 0.23 mm. 

As the characters of this species have been quite generally misinterpreted, I 

have taken the trouble to illustrate them as far as shown in three typical examples. 

Of the two series of measurements given above, the first may be regarded as a fair 

average for fully grown specimens, while the other is taken from one of the smallest 

seen. The length usually varies between 1.0 and 1.2 mm., and occasionally it 

reaches 1.5 mm. Figures 29, 32 and 34, though differing as much in their outlines 

as any in hundreds of valves, are but little unlike each other, and thus prove, in this 

respect at any rate, the constancy of the species. The greatest variability noticed 

is a slight one in the relative degree in which the central third of the ventral slope 

is flattened or hollowed out. It is never much, yet always distinguishable. The 

valves are slightly unequal, the left, being the larger, overlapping the right on both 

the dorsal and ventral margins. 
On the inner side of the valves (fig. 32) a subcentral thickening of the test is 

noticeable. Though slight, it covers considerable space, especially in its vertical 

extent, and is of such a nature that it would cause a shallow vertical furrow on casts 

* Ann. Mag. Nat. Rist., ser. 4, vol. iii, 1869. In this paper the authors redescribe the type species, SiUqlW, which Jones 
had in 1855 described from casts of the interior as a Beyrichia, and the new varieties amndis. terse! and ovate!. The last is 
similar to Bythocypris curta of this report, but is not so equilateral, having the anterior enel morc produced; while the typical 
form of O. sf,ltquCL greatly resembles B. cylindj'wa Hall, sp. 
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Respecting the species about to be described and those which I have in previous 

papers referred to Bythocypris, it i~ sufficient to say that in nearly every instance 

they agree closely with one or another of the species which Prof. Jones has placed 

under the genus. 

It may be well to call attention to the fact that the Silurian genus Cytherellina, 

Jones and Holl, * is founded upon species very similar externally to some of the 

Silurian Bythocyprides. Whether any of the latter have the obscure internal 

thickenings of the test which are said to characterize Cytherellina is unknown, but 

considering the similarity of their external features, it seems a little strange that 

Prof. Jones has not remarked upon it in his more recent writings. 
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Leperditia (Isochilina) cyl-indrica HALL, 1872, Twenty-fourth Rep. St. Cab. N. Y., p. 231, pI. VIII, 
fig. 12; HALL and WHITFIELD, 1875, Pal. Ohio, vol. ii, p, 101, pI. IV, fig. 5. 
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SIZE.-Length 1.30mm.; hightO.65mm.; thickness 0.5 mm. 
Length 0.71 mm.; hight 0.32 mm.; thickness 0.23 mm. 

As the characters of this species have been quite generally misinterpreted, I 

have taken the trouble to illustrate them as far as shown in three typical examples. 

Of the two series of measurements given above, the first may be regarded as a fair 

average for fully grown specimens, while the other is taken from one of the smallest 

seen. The length usually varies between 1.0 and 1.2 mm., and occasionally it 

reaches 1.5 mm. Figures 29, 32 and 34, though differing as much ill their outlines 

as any in hundreds of valves, are but little unlike each other, and thus prove, in this 

respect at any rate, the constancy of the species. The greatest variability noticed 

is a slight one in the relative degree in which the central third of the ventral slope 

is flattened or hollowed out. It is never much, yet always distinguishable. The 

valves are slightly unequal, the left, being the larger, overlapping the right on both 

the dorsal and ventral margins. 
On the inner side of the valves (fig. 32) a subcentral thickening of the test is 

noticeable. Though slight, it covers considerable space, especially in its vertical 

extent, and is of such a nature that it would cause a shallow vertical furrow on casts 

• Ann. Mag. Nat. Rist., ser. 4, vol. iii, 1869. In this paper the authors redescribe the type species, siUq""., which Jones 
had in 1855 described from casts of the interior as a Beyrichia, and the new varieties onmriis. tenet aDd ovate!. The last is 
similar to BythocYPl'is curta of this report, bnt is not so eq uilateral, having th ~ anterior end more prod uced; while the typical 
form of 0, si!i".qua greatly resembles B. cy!indTica Hall, sp. 
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of the interior. This internal thickening recalls Cytherellina siliqua Jones, which 

this species also resembles in its external characters, but the casts of that species 

are marked with two sulci instead of one. Still, I am not all satisfied that these two 

forms are not strictly congeneric. The sulcus in the casts of B. cylindrica being just 

behind the center, it corresponds with the posterior one of the two in the Cytherell

ina. As to the anterior one, would its absence be of any great consequence ~ While 

it does not seem to me now that it would be, it is deemed wisest to defer a decision 

on the point, since the verdict would necessarily involve many others of the paleozoic 

species now referred to Bythocypris. Of t~e latter, B. testacella Jones, from the 

Wenlock of England, differs chiefly in being more elongate and less broadly rounded 

posteriorly. 
In the Canadian publication above cited, I referred a valve from the Hudson 

River group of Manitoba, to this species. That the identification was incorrect, I 

am now fully convinced. The figure, which was probably drawn in a reversed 

position, shows a left valve, agreeing very closely with the Wenlock species B. 

concinna Jones. Perhaps it should be referred to that species, but it would be well 

to await the discovery of more conclusive evidence before such a course is finally 

decided upon. 

It is 8carcely necessary to show why B. cylindrica is neither a Primitia nor a 

Leperditia. As to its identity with Eichwald's Cypridina, later Leperditia min uta, 

which Prof. Jones refers to Primitia (loc. cit.) and I to the new genus Primitiella, is a 

question that it seems to me can be answered only in the negative. The minuta, as 

figured by Prof. Jones from Russian examples of the species, has dorsal angles with 

a long straight back, giving it on the whole a decided primitian aspect, which 

certainly is not the case with the true B. cylindrica. In the same paper Prof. Jones 

figures two Cincinnati specimens, presumably of the latter species, to show their 

similarity or identity with the Russian P. minuta. He represents them as having a 

straight hinge and obtuse dorsal angles, the valves being figured, according to my 

interpretation, in a reversed position. As to these features I can only say that I 

have never seen any specimen in which they were present; and this can scarcely be 

because of a lack of material, for, of all the Cincinnati Ostracoda, B. cylindrica is by 

far the most abundant. Prof. Jones' figures being like Hall's figure of the species, 

is it not possible that the drawing of the former was biased by an examination of 
the latted 

Formation ancllocality.-Rare in the Galena shales near Cannon Falls, Minnesota. Very abundant 
in the lower beds of tbe Cincinnati group, at numerous points in the viCinity of Cincinnati, Ohio. Very 
large specimens, 2.0 mm. and more in length, occur in the upper beds of the same formation. These were 
referred to the species by Dr. S. A. Miller, but are not taken into account here because they are probably 
distinct. 
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are marked with two sulci instead of one. Still, I am not all satisfied that these two 
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behind the center, it corresponds with the posterior one of the two in the Cytherell
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on the point, since the verdict would necessarily involve many others of the paleozoic 

species now referred to Bythocypris. Of t~e latter, B. testacella Jones, from the 

Wenlock of England, differs chiefly in being more elongate and less broadly rounded 

posteriorly. 

In the Canadian publication above cited, I referred a valve from the Hudson 

River group of Manitoba, to this species. That the identification was incorrect, I 

am now fully convinced. The figure, which was probably drawn in a reversed 

position, shows a left valve, agreeing very closely with the Wenlock species B. 
concinna Jones. Perhaps it should be referred to that species, but it would be well 

to await the discovery of more conclusive evidence before such a course is finally 

decided upon. 

It is scarcely necessary to show why B. cylindrica is neither a Primitia nor a 

Leperditia. As to its identity with Eichwald's Cypridina, later Leperditia min uta, 

which Prof. Jones refers to Primitia (loc. cit.) and I to the new genus Primitiella, is a 

question that it seems to me can be answered only in the negative. The minuta, as 

figured by Prof. Jones from Russian examples of the species, has dorsal angles with 

a long straight back, giving it on the whole a decided primitian aspect, which 

certainly is not the case with the trne B. cylindrica. In the same paper Prof. Jones 

figures two Cincinnati specimens, presumably of the latter species, to show their 

similarity or identity with the Russian P. minuta. He represents them as having a 

straight hinge and obtuse dorsal angles, the valves being figured, according to my 

interpretation, in a reversed position. As to these features I can only say that I 

have never seen any specimen in which they were present; and this can scarcely be 

because of a lack of material, for, of all the Cincinnati Ostracoda, B. cylindrica is by 

far the most abundant. Prof. Jones' figures being like Hall's figure of the species, 

is it not possible that the drawing of the former was biased by an examination of 

the latted 

Formation ancllocality.-Rare in the Galena shales near Cannon Falls, Minnesota. Very abundant 
in the lower beds of the Cincinnati group, at numerous points in the vicinity of Cincinnati, Ohio. Very 
large specimens, 2.0 mm. and more in length, occur in the upper beds of the same formation. These were 
referred to the species by Dr. S. A. Miller, but are not taken into account here because they are probably 
distinct. 



OSTRAOODA. 689 
Bythocypris? ourta.] 

BYTHOOYPRIS (n OURT A, n. sp. 

PLATE XLIV, FIGS. 36-38. 

SIZE.-Length ] .03 mm.; hight 0.75 mm.; thickness 0.48 mm. A larger specimen has a length of 
about 1.5 mOl. 

This is an unusually short, subovate form, the ends being nearly equal and, with 

the dorsal margin, forming an almost regular elliptic curve; ventral outline straight 

centrally; surface smooth; valves moderately and uniformly convex, one larger and 

strongly overlapping the other above, below and at one end. The end having no 

overlap is slightly narrower than the other. 

The subequality of the ends, especially as regards thickness, makes it difficult 

if not impossible to determine with certainty which is the right and which the 

left valve. As a Bythocypris the larger of the two must be on the left side, and if this is 

correct for the species, then the blunter of the two ends would be the anterior. In 

Macrocypris. a genus containing mostly elongate species, the right valve overlaps, but 

the carapace in the present species is too short for that genus. Of known species B. 

ovata Jones and Holl, a Wenlock form originally described as a variety of Cytherellina 

siliqua,* may be nearest, but differs like all other species of Bythocypl'is in being 

longer. 

Formation and locality.-Middle third (Rhinidictya bed) of the Trenton shales, St. Paul, Minnesota. 

BYTHOOYPRIS GRANTI, n. sp .. 

PLATE XLIV, FIGS. 39-42. 

SrzE.-Length1.40mm.; hightO.68 mm.; thickness 0.7 mOl. 
Length 1.17 mm.; hight 0.57 mm.; thickness 0.6 mm. 

Valves strongly convex, especially so ventrally, somewhat elongate elliptical in 

outline, the ventral margin convex but not so much as the dorsal, the ends sub

equally rounded but with the posterior one a little blunter than the anterior; surface 

smooth. 
This species is readily distinguished from B. cylindl'ica Hall, by its more equal 

ends and convex basal outline. It seems to be closely related to B. concinna Jones, 

of the Wenlock shales of England, but the outline is a little different and the valves 

thicker in the ventral part. The left valves of Krausella incequalis and K. arcuata 

are somewhat similar yet not enough so to render confusion between them at all 

likely. 
The species is named for the promising geologist, Dr. Ulysses S. Grant, of the 

Geological Survey of Minnesota. 
Formation and loeality.-Middle third (Rhinidictya bed) of the Trenton shales, St. Paul and Minne

apolis, Minnesota. 

• Ann. Mag. Nat. Rist., ser. 4, vol. iii. pI. XIV, fig. 4; 1869, 
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690 THE PALEONTOLOGY OF MINNESOTA. 
lBythocypris? robusta. 

BYTHOCYPRIS (1) ROBUSTA, n. sp. 
a.. __ -_ 

c. 

~ 

Fig. 52.-ct, a left valve, with somewhat blunter ends than usual, showing position of subcentral 
spot; b, right side of entire carapace; c and d, ventral and posterior outline views of same; lower Trenton 
(" Lower Blue limestone"), Dixon, Illinois. 

SIZE.-Length 2.5 mm.; hight 1.05 mm.; thickness 0.87 mm. 

Carapace elongate, sub elliptical or obscurely triangular, the outline convex 

dorsally and nearly straight or gently arcuate ventrally; anterior end strongly 

rounded and somewhat higher (blunter) than the posterior. In a ventral view the 

outline is wedge-shaped, the higher or anterior end being much more attenuate 

than the other. Valves rather strongly convex, unequal, the left overlapping the 

right all around except at the posterior extremity; dorsal edge of left valve some

what thickened; posterior extremity of right (smaller) valve subacute; surface 

smooth; each valve occasionally showing a small discolored spot a short distance in 
front of the center. 

The affinities of this fine species are doubtful. It is not a true Bythocypris, nor 

is it any more like either Macrocypris or Pontocypris. Perhaps it should be placed 

under Bairdia since it resembles certain species that have been referred to that 

genus by Jones and Holl. Yet, after a careful comparison with numerous Devonian 

and ~arboniferous species of Bairdia, I have come to doubt the propriety of recog~ 

nizing that genus in any of the known Lower Silurian species. Th~ acuminate 

posterior extremity of the right valve reminds as much of the new genus Krausella, 
and it is an alliance with this genus that I would favor more than with Bairdia. 

Specifically, B.? robusta will be distinguished at once from all known Lower 
Silurian Cypridce by its large size. 

Formation and locality.-- Lower Trenton limestone, Dixon, Illinois, where it was found abundantll 
in association with Krausella inrequalis and Schmidtella crassimarginata. 
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Krausella.l 
OSTRACODA. 691 

Family BEECHERELLIDlE. 

Genus KRA USELLA, n. gen. 

Carapace small (1.5 to 2.5 mm. in length), somewhat elongate, subelliptical, 

obscurely triangular or semiovate in outline, the dorsal margin more convex than 

the ventral, the latter straight or but gently convex; with moderately thick and 

very unequal valves; right valve the smaller, drawn out posteriorly into a strong 

spine-like process; left valve overlapping the right all around. 

Type: KmuseUa incequalis, n. sp. 

At present I am acquainted with only four species that should be placed in 

this genus, viz.: the two about to be described, Bairdia anticostiensis Jones (Quart. 

Jour. Geo1. Soc.,·vol. xlvi, p. 548; 1890) from the Hudson River or Cincinnati forma

tion of the island of Anticosti, and an undeBcribed form (near K. arcuata) which is 

rarely met with in the upper beds of the same formation in Ohio and Indiana. These 

species do not agree with Bairdia since the spine-like process is not formed by the 

tapering ends of both valves, but is restricted to the right valve, the left valve being 

rounded posteriorly and resembling the corresponding valve of a thick-shelled 

Bythocypris. We have therefore the differenee that while the two valves of a Bairdia 

are similar in outline, they are quite different posteriorly in Krausella. 

The spine-like process reminds of some of the species placed by the author under 

his genus Beecherella.* If there is any true relationship between Krausella and 

Beecherella, and I confess that I am strongly inclined to believe there is, then the 

Beecherellas were probably all described and figured in a reversed position. Another 

thing that bas become more evident than formerly is that more than one generic 

type has been included under Beecherella. Considering the strongly marked peculi

arities of the type species, B. carinata, it seems probable that we shall eventually 

find it desirable to restrict the genus to it. 
Of B. subtumida we know only the right valve, and this is exceedingly like the 

same valve of Krausella arcuata. Still, I hesitate to say that it should be refeITed to 

the present genus since it may be shown that it, like B. cristata, has the posterior 

spine on the overlapping instead of the smaller valve. In the last species namely, 

the right valve seems to overlap the left, though the overlap is very slight and 

scarcely distinguishable. Should the relations of the valves (with respect to 

overlap) in these two species prove to be really the reverse of what we know to 

be the case in Krausella, a distinct generic grouping for them would probably be 

justifiable. 

* Amerioan Geologist, vol. viii, pp. 197-204, pI. 2, October, 1891. In this paper the author describes the new genus Beecher
el!a, with six new species and one variety, all derived from. tbe Lower Helderberg strata of New York. 
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[Kratlsella inrequa,Us. 

Beecherella ovata is too imperfectly known to be referred to any genus definitely, 

but B. navicula and B. angularis are generically distinct from B. carinata as well as 

from B. subtumida and the species of Krausella. Leaving out B. ovata. we have then 

at least three and probably four, more or less closely related generic groups, which 

it seems to me may be justly referred to collectively as the Beecherellidce. 

KRAUSELLA IN1EQUALIS, n. sp. 

PLATE XLIV, FIGS. 44-46. 

SrzE.-Length 2.3 mm.; hight 1.17 mm.; thickness 0.8 mm. 

Carapace elongate-sub elliptical, the ventral outline longer and straighter than 

the dorsal, the ends, excluding the posterior spine, subequal and most prominent in 

the lower half; outline in a ventral view elongate rhomboidal, in an end view sub

triangular, the lower part being very thick. Valves thick, very unequal, the larger 

(left) strongly overlapping the other; basally the left valve turns inward abruptly, 

causing a decided flattening of the ventral edge; right valve moderately convex, 

with the dorsal and ventral margins subparallel, the dorsal edge being less curved 

than in the left valve; behind it is drawn out into a strong blunt spine-like process, 

the point of which extends a short distance beyond the edge of the opposite valve. 

Surface of valves without markings of any kind so far as observed. 

This is a well marked species, distinguished chiefly by the great ventral 
thickness and relatively high position of the posterior spine. The latter may be 

a little lower and the dorsal outline somewhat more convex than in the specimen 

illustrated on plate XLIV. The inequality of the two valves is so great that, 

unless found in their natural position, they would scarcely be suspected of belonging 
together. 

Formation and locality.-Lower Trenton limestone, Dixon, IllinoiS. (Stone's River group, Vanux
emia bed). 

KRAUSELLA ARCUATA, n. sp. 

PLATE XLIV. FIGS. 47-53. 

SIZE.-Length 1.9 mm.; hight 0.82 mm.; thickness about 0.58 mm. 
Length 1.7 mm.; hight 0.70 mm. 
Length t. 8 mm.; hight 0.70 mm. 

In this species the outline is nearly semicircular or semielliptical, the basal lin 

being straighter and the dorsal margin more arcuate than in K. incequalis. Th 

pos.terior spine also is more slender and situated lower, the point in some instance 

being almost on a line with the ventral edge of the right valve. Finally, the lef 

valve is more uniformly convex~ the upper ha.lf of the surface being fuller, while tl 
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Krausella arouata.l 

ventral portion is much less prominent. Of all these differences the most striking 

and perhaps the only important one is the last. 

Bairdia, or as it should now be called, Krausella anticostiensis Jones, sp., is 

represented as having a much blunter anterior outline, but in the Cincinnati forma

tion of Ohio and Indiana we have a species that comes much nearer, the anterior 

end of the right valve being quite as narrow, only the most prominent point is 

higher. 

Formation and locality.-Lower third of the Trenton shales, Minneapolis, Minnesota; lower Trenton 
limestone, Mineral POint, Wisconsin, and Dixon, Illinois; Birdseye limestone, High Bridge, Kentucky. 
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l Communication. 

COMMUNICATION. 

PROFESSOR N. H. WINCHELL, State Geologist. 

SIR:-At your request I have prepared the following discussion and illustration of the trilobites 
collected from the various faunas of the Lower Silurian in the state of Minnesot,a. In transmitting this 
paper for publication in your reports, permit me to record the obligation which I feel to you personally 
for the opportunity of studying and making notes upon this series of interesting fossils. At your instance 
only would the work have been possible. 

My indebtedness to Mr. E. O. Ulrich, the paleontologist of your survey, is also great, as he has 
placed at my disposal his private collections, not alone of Minnesota trilobites, but of those from other 
Lower Silurian localities, and this material has contributed substantially to the fullness of these observa
tions. He has also aided me with various timely and apt suggestions of which I have appreciatively 
availed myself. 

Several gentlemen have, through you, kindly submitted specimens of these Crustacea for the purpose 
of this work: Mr. W. H. Scofield, of Cannon Falls, Dr. C. H. Robbins, of Wykoff, and Mr. R. H. Hasse, of 
Granger. By the favor of Prof. C. E. Beecher, some specimens collected by Mr. Charles Schuchert and 
now belonging to the Peabody Museum of Yale University, have been placed in my hands. To all these I 
beg to express here my appreciation of their consideration; to Mr. Schuchert especially for his friendly 
interest in the furtherance of the work. 

I have the honor to remain, sir, 
'Very respectfully yours, 

JOHN M. CLARKE. 

Albany, N. Y., January 2d, 1893. 
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CIIAPTER VIII. 

THE LOWER SILURIAN TRILOBI~rE8 
OF MINNESOTA. 

BY ,JOHN lVL CLARKE, 

INTRODUCTION. 

The trilobites have long invited the attention of observers, the curiosity of the 

novice, and the most intelligent scrutiny of the student. Much of this interest lies 

in the frequent beauty of their preservation, their abundance, their complication of 

structure, and, no doubt, largely in the fact that the organic plan upon which they 

are constructed is long since extinct or only obscurely recognizable among their 

living descendants. It has been for the paleontologist to elucidate not only the 

various modifications of this plan of structure, but to demonstrate the anatomy both 

of their hard and soft parts, their alterations of form in the process of development 

from infancy to old age, the rise, progress and decline through time of subsidiary 

structural types. For this work science acknowledges its obligation to the pioneer 

investigations of Dalman, Brongniart, DeKay, Green, Pander, Emmrich and 

Burmeister; to those of McCoy, Salter and Woodward upon the species of Great 

Britain; of Beyrich, Corda, Barrande, Kayser, Novak upon those of Germany and 

Bohemia; of de Verneuil, Rouault, Barrois, (Ehlert, Bergeron upon those of France; 

of Meneghini upon the Sicilian species; of Pander, Nieszkowski, Eichwald, Schmidt 

on the Russian species; Angelin, Holm in Scandinavia, and Hall, Ford, Walcott, 

Matthew and Beecher in North America; a list to which many names might be added. 

The Trilobites have proved of first importance to the stratigraphical geologist 

as indices of geological age, and every new series of investigations emphasizes the 

importance of their various modifications to the student who busies himself 

primarily with the structure of the earth and the correlation of the early sedimen

tary deposits. To the names above given we should append those of investigators 

who have apprehended the trilobites mainly from this point of view; Conrad, 

Emmons, Murchison, F. and A. Roemer, Linnarsson, Dames, Billings, Whitfield. 
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who have apprehended the trilobites mainly from this point of view; Conrad, 

Emmons, Murchison, F. and A. Roemer, Linnarsson, Dames, Billings, Whitfield. 
[695] 
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TERMINOLOG Y. 

As a peculiar terminology of the parts of the trilobite has been generally . 
adopted it will be useful to the student to recount in brief the signification of the 

terms employed in the following descriptions. 

The trilobite derives its name from the longitudinal lobation of the test into 

three parallel divisions. The central division alone covers the vital and essential 

organs of the animal, the lateral portions being virtually protective integumentary 

expansions. Transversely the test is also composed of three parts, a head-plate, or 

Fw. I-Diagrammatic figure of a trilobite. 

C. CEPITALON. T. THORAX. 

g. glabella sg. segment. 
f· frontal lobe. ago articulating groove. 
1,2,3. 1st, 2d and 3d lateral lobes. pg. pleural groove. 
1 ',2 I, 3 I. 1st, 2d and 3d lateral furrows. 

x. fixed cheeks. 
fe. free cheeks. a. axis. 
s. facial suture. p. pleural. 
e. eye. 

n. palpebral lobe. 
og. occipit,al groove. 
or. occipital ring. 
b. border. 

P. PYGIDIUM. 

an. annulation. 
pro pleural rib. 
es. caudal spine 

cephalon, C, which corresponds in a certain sense with the cephalo-thorax of the crab 

and lobster; a median segmented portion or thorax, T, and a tail-plate, or pygidium, 

P. Each of these parts is in articulation with that adjoining. The central longi

tudinallobe of the body is called, in its extent over the cephalon, the glabella, 9i on 

the thorax and pygidium, it is known as the axis, a. The lateral longitudinal lobes 
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are, on the cephalon, known as the cheeks, x; on the thorax and pygidium as the 

pleurce, p. The two longitudinal grooves dividing the entire test are the dorsal fur

rows. The glabella partakes of a segmentation similar to that of the thorax, but 

incomplete, the dividing grooves rarely extending across it. These grooves are the 

lateral glabellar furroUJs and are usually in three pairs (sometimes four, and sometimes 

wholly obscured) which are numbered by pairs from the anterior backward (1', 2', 3'). 

Of the lobes formed by these furrows the anterior, or frontal lobe, l, is large and 

unpaired; thence backward the lateral lobes are numbered to correspond with the 

furrows, each lobe lying behind the furrow with which it corresponds numerically, 

(1, 2, 3). The posterior end of the glabella is limited by a transverse furrow, the 

occipital groove, og, behind which lies a distinct segment or occipital ring, or,' both of 

these extend on to the cheeks of the cephalon and form a coalesced segment. 

The lateral expansions of the cephalon or the cheeks are usually divided into two 

parts by a facial suture, s, which extends from the posterior or lateral margin to 

the anterior margin. The test was readily separable along these lines after the 

sloughing of the integument or the decomposition of the lining tissue. The outer 

or separable portions are known as the free cheeks, fc, the inner portion between the 

sutures and the dorsal furrows, as the fixed cheeks, x. In a few genera the facial 

sutures are obscure or not developed, but where they exist the cephalon consists of 

three plates, two free cheeks and a central intrasutural plate to which the term 

cranidium is here applied. The cranidium consists of the glabella, fixed cheeks and a 

greater or less portion of the occipital ring. The outer lateral margin of the cephalon 

may be thickened into a border, b, which meets the occipital ring at the outer posterior 

angle of the cheek (genal angle). This angle may be obtuse, acute or produced into 

spines of greater or less length (genal spines, 8p). The eyes, which are present in all 

but a few very early genera, are situated on the cheeks and are traversed by the facial 

sut.ures which leave the inner portion of' the eye-node (palpebral lobe, n) on the fixed 

cheek, and the outer, visual portion (e), or that bearing the lenses, on the free 

cheek. 

The thorax, T, is composed of a variable number of movable, separable parts or 

segments, sg. The axis of each bears an anterior ring which is overlapped by t.he 

outer ring of that preceding, and thus forms an articulation. The groove between 

the 'double axial ring of each segment is called the articula#ng groove. The pleur<B 

are frequently beveled on their anterior surface near their extremities, so that 

adjoining segments readily slipped over one another when the animal contracted or 

enrolled itself. The lateral parts of the segments are frequently divided transversely 

by a pleural groove, pg. The extremities of the segment may be acute or obtuse. 
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The pygidium, P, consists of a number of anchylosed segments, their parts on 

the axis being known as annulations, an, and on the pleurm as ribs, pr. The ribs may 

terminate within the margin of the shield or be produced beyond it. The extremity 

of the pygidium may be obtuse, angular or continued into a caudal spine, os. 

The test of all the parts is cont.inued beyond and beneath the margin, the enfolded 

portion or doublure extending but a short distance inward. This is trans-sected by 

the anterior limbs of the facial suture, or by a branch or branches from those limbs. 

That portion of the doublure lying beneath the anterior extremity of the head and 

sometimes isolated by the sutures is the epistoma. Below this lies a free subquadrate 

or subtriangular plate, the hypostoma. The doublure is more or less distinctly 

developed at the extremities of the thoracic segments and within the margin of the 

pygidium. 
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Class ARTI-IROPODA. 

Subclass ORUST..ciOEA. 

Order TRILOBITA. 

Family CAL YMMENIDjE. 

Genus CAL YMMENE, Brongniart, 1822. 

CAL YMMENE CALLICEPHALA Green, 1832. 

Calymmene callicephala GREEN, 1832. Monogr. Trilobites N. Amer., p. 30, cast 2. 
Calyrnmene senaria MEEK, 1873. Palreontology of Ohio, vol. i, p. 173; pJ. 14, figs. 14af. 
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There are a number of small and quite perfect individuals from the Galena horizon 

which agree in all essential features with Ohio fossil. While following Mr. S. A. 

Miller and later writers in employing Green's designation for this species, I feel that 

there is still a shadow over its accuracy, for the following reason: The specimen 

upon which the species was founded and which was very accurately reproduced in 

Green's cast No.2, was an extended individual, showing the peculiarly broad axis of 

Fig. 2.-0utline of cephalon of Calymmene callicephala Green. From the cast of the original. 

the Cincinnati specimens, but having a very short glabella. The latter had been 

somewhat abraded, giving it apparently abnormal width, and I have not seen another 

example in which the width at the base is so great compared with the length of the 

glabella, and B.t the same time the anterior edge of the glabella so remote from the 

frontal Bxtremity of the cephalon. To indicate this structure I have introduced an 

outline figure of the cephalon taken from this cast. It is stated in the original 

description that this specimen was labeled in the collection of the Philadelphia 

Museum as from Hampshire, Virginia; the author, at the same time speaking of 

others from the Miami river and near Cincinnati. There is, thus, no doubt of his 

intention to include the well known Hudson River form under this name: 
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others from the Miami river and near Cincinnati. There is, thus, no doubt of his 

intention to include the well known Hudson River form under this name: 
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Conrad's Calymmene senaria* and Green's C. blumenbachi-l- from Trenton Falls, N. 

Y., are distinct from C. callicephala, as shown by the accompanying figure of the 

cephalon of the latter, which indicates the decided genal spinules and the long 

shovel-shaped, not abruptly concave, anterior extension. The Cincinnati form may 

Fig. 3.-0utlines of cephal on of Calyrnrnene senaTia Conrad, Trenton Falls, N. Y. 

also occur in the Trenton fauna of New York as it does in the Hudson River or 

Lorraine shales of that region, but the usual Trenton species must retain the name 

proposed for it by Conrad. 

Among the Minnesota specimens is one to which my attention has been especi

ally directed by Mr. Ulrich, from the Hudson River group near Spring Valley, 

bearing a cluster of coarse tubercles on each segment of the axis near the dorsal 

furrows. I am disposed to believe that the original size of these tubercles has been 

enlarged by a slight deposit of tufaceous matter upon them, but even if this 

supposition be correct the tubercles must have been larger than usual on this part 

of the test. The epidermal granulations are seldom well retained in the Ohio 

specimens but some of the Minnesota examples show them distinctly, while in the 

N ew York specimens they are clearly defined over the entire dorsal surface. 

FOTrnation and locality.-Galena shales, St. Paul, Cannon Falls; Hudson River group, near Spring 
Valley, Minnesota. 

Family ASAPHIDJE. 

Genus ASAPHUS, Brongniart, 1822. 

Subgenus ISOTEL US, DeKay, 1824. , 

The original species of Asaphus, A. expansus Wahlenberg, is of a type which does 

not appear to be represented in the American faunas. Its lobate glabella, distinctly 

segmented pygidial axis, and narrow thoracic axis, are sufficiently distinctive to 

give the term a morphological value when thus restricted. DeKay's term Isotelus, 

very significant and proposed two years later, includes species with broad axis and 

obsolete segmentation at maturity. We therefore believe that an excellent purpose 
'4th Ann. Rept. Pal. Dept.; N. Y. Geol. Survey, p. 49; 1841. 
tOp. cit., p. 28, cast 1. 
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is subserved in the retention of this name. For purposes of comparison a copy of 

Dalman's figure of Asaphus expansus is here introduced. 

Fig. 4. Outline of Asaphus expansus Wahlenberg (after Dalman). 

ISOTELus GIGAS DeKay, 1824. 

Isotelus gigas DEKAY, 1824. Annals Lyceum Nat. Rist. N. Y., vol. i, p. 174, pI. 12, fig. 1, pI. 13, fig. 1. 
Asaphusplatycephalus (STOKES) of most authors. 

ISOTELus MAXIMUS Locke, 1838. 

Isotelus maximus LOCKE, 1838. Second Ann. Rept., GeoL Surv. Ohio, p. 246, figs. 8,9. 
Isotelus rnegistos LOCKE, 1841. Trans. Amer. Assoc. GeoL and Nat. p. 221, pI. 6. 
Asaphus rnegistoli (LOCKE) of most authors. 

In referring to these two widely known trilobites under the same caption, it is 

not the intention to assume their specific identity. It is, however, on many accounts 

convenient to consider them together, as careful study of a large series of both forms 

has elicited some important suggestion concerning their mutual relations. 

The usual basis of distinction between these contemporaneous fossils is an 

exceedingly simple one. Uonstr'ucted upon essentially the same specific type, the one, 

1. gigas, is devoid of cheek spines; the other, I. maximus, possesses them. It is hardly 

necessary here to enter into a detailed account of the characters of these fossils. 

They have been given at length by various authors, Hall,l Burmeister,2 Meek,3 

Miller,4 and others. 

In the original specimem; the conventional distinction between the species was 

clearly indicated. DeKay'S figures, one of an enrolled example, one of an extended 
(1), Pal<eontology of New York, vol. i, p. 231; plates 60,61,62,63, 1847, 
(2). Organization of the Trilobites (Ray Society's translation), p, 110, p], 2, fig. 12, 1843. 
(3). Pal<eontology of Ohio, vo], i, p. 159. p], 14, fig. 13, 1873. 
(4). Cincinnati Quart. Journ. Seienef), vo], i, pp. 137, 138, 1874, 
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individual, both show that the cephalon was without cheek spines. In Locke's 

figures (in part a restoration) of his I. maximus published in 1841, the cheek spines 

are given full importance as a differential character. Writers have found apparently 

distinctive differences in some other respects; a broader, more obtusely angular 

head and tail-shield and a relatively wider thoracic axis in I. g'igas. Others, again, 

notably Locke and Miller, ascribe to I. maximus the broader, more crescentic' 

shields. 
'My observations upon extensive series of these two forms from the New York 

Trenton have convinced me that specimens of each, preserved without casual distor

tion of the parts furnish positively no basis for a specific distinction in any of these 

respects, while it is easy to find grades of difference in these features varying with the 

degree of vertical compression of the test. Normally, in both the spinous and 

aspinous forms, the cephalon and pygidium are elongate subtriangular, the extremities 

being subacute, slightly flattened or extenuate. The facial sutures meet at an acute 

angle at, or just behind the frontal margin. The glabella is obscurely defined and more 

obscurely lobate, traces only of the lateral furrows being visible in an oblique light. 

The cheeks bear an intramarginal furrow, above which their general surface is 

elevated into a more or less conspicuous node, crowned by the eye. The occipital 

ring and furrow are quite obsolete. The axial furrows of the thorax are distinct, the 

axis itself broad, considerably more than one-third the width of the thorax. The 

lobation of the pygidium is very obscure. The dorsal furrows being hardly distin

guishable, The axis is much narrower at its beginning on the pygidium than at its 

termination on the thorax, but in mature specimens its outline is scarcely discernible. 

Even a slight compression of the test, bringing the thinner or less resistant portions 

under strain gives an unnatural distinctness to the lobation of the cephalon and 

pygidium and likewise an abnormal width to the axis. The specimens of both of 

these forms from the schistose strata of Minnesota and Ohio more generally evince 

these effects of compression than those from the purer and more homogeneous 
limestone of Trenton Falls. 

The specific type of these forms being in general the same, there are still to be 

considered the important points of difference at first mentioned. It is, in a general 

sense, true of the New York examples that the aspinous head shield occurs only 

in individuals of large size; that is to say, I. gigas is almost invariably a large asaph. 

I have not seen a well defined and clearly indubitable specimen of the aspinous 

head as small as the average spinous cephalon, nor a head of I. maximus as large 

as an average L gigas. Among the fossils of this region I. maximus rarely exceeds 

a length of 60 mm., which would be small indeed for an I. gigas, of which individuals 

measuring 200 or 250 mm. in length are not at all uncommon. Among the Minnesota 
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I have not seen a well defined and clearly indubitable specimen of the aspinous 

head as small as the average spinous cephalon, nor a head of 1. maximus as large 

as an average L gigas. Among the fossils of this region 1. maximus rarely exceeds 

a length of 60 mm., which would be small indeed for an 1. gigas, of which individuals 

measuring 200 or 250 mm. in length are not at all uncommon. Among the Minnesota 
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specimens the same fact holds; the largest, and indeed the only well defined specimen 

of I. gigas that I have seen has a length of 180 mm. The smaller specimens of the 

same type, so far as th~ir preservation permits the determination, possess cheek 
spines. 

Fig. 5.-Isotelus maximus Locke. Hudson River group, Granger. 

It would appear that among the specimens from the Hudson River group of 

Ohio, Indiana and Illinois, this is not always the case, as Locke's immense original 

and its specific name itself indicate.* Here, locally, the occurrence of large fragments 

of spiniferous heads is not altogether infrequent, perhaps even predominant with 

reference to the aspinous heads; but whether the rule or the exception in that 

locality, it need not modify the purport of our argument. 

The morphological significance of the cheek spines in the trilobites has not 

been demonstrated, nor have they invited especial attention. Undoubtedly their 

significance varies in different groups. In this group with the evidence now at 

hand, we find a suggestion of their meaning. To present these points with the 

greater lucidity a few general remarks will be appropriate, bearing upon the 

developmental characters of the species under consideration, and upon the phylogeny 

of the asaphs. 

In Isotelus maximus, advancing growth is accompanied by gradual obscuration 

of all lobation. In the average adult of the New York Trenton, as described above, 

this obsolescence of surface division is well advanced, but in immature individuals 

the degree of lobation (especially of the parts of the pygidium, viz.: the definition 

of the axis, its annulations and the ribs of the pleural), is proportioned inversely to 

the size of the animal. Young entire individuals, 15 mm. in length, and many young 

pygidia belonging to animals not much larger have the segmentation so clearly 

developed that both ribs and annulations may be distinctly counted, the normal 

convexity of the shield being, meanwhile, undisturbed.· Sharp lobation of the test 

'It might. I think, be a fair question whether the spines in this figure were not" dra wn in " from some smaller example 
retaining them. Without impugning the acumen of this observer, one cannot but be impressed with the fact that this 
original, if corr.eetly represented, excelled in size and perfection of details all that the ncks have since afforded. 
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is hence an immature condition in this species. In the development of the asaphoid 

stock, we find in the earlier Silurian Ptychopyge and Niobe this sharp lobation of the 

caudal plate a normal character of maturity. 

Similar evidence is furnished by many genera of trilobites and may be expected 

from all. In Homalonotus, for example, external lobation of the parts at maturity 

regularly decreases from the appearance of the genus to its extinction. In the last 

representative in American faunas (H. dekayi, of the Hamilton group) segmentation 

of the terminal plates is almost wholly lost, but young and normally convex individuals 

of the species are distinctly segmented, like the mature examples of H. major, from 

the Oriskany, and H. vanuxemi, from the Lower Helderberg faunas. The genus 

Phacops, in its restricted meaning, is conveniently divisible into species having the 

pleural ribs of the pygidium grooved and those having them simple. The former 

precede the latter in time. All the American Silurian and early Devonian species 

belong to the former division, while Ph. rana of the middle and later Devonian is 

the only representative of the latter, as well as the last member of the genus. Very 

young individuals of Ph. ran a, however, evince the duplication of the pygidial ribs. 

Instances of this kind might be multiplied. 

Returning to the young of Isotelus maximus, we meet with a high development 

of the genal spines, which may extend as far a,s the sixth thoracic segment. In 

individuals which appear to be full grown, those in which the obsolescence of 

segmentation is well advanced, these spines rarely pass the second or third segment. 

This difference in size is, however, quite variable and somewhat irregularly so. In 

Owen's species Isotelus iowensis, another form constructed on the same specific type 

as those under consideration, the spines are represented in the restored figure given 

by this author* as extending to the caudal shield, though the medal-ruled engravings 

in the same work, taken from actual specimens do not indicate this length. Accept

ing the restored figure as correct it appears that these long spines are associated 

with a more distinct segmentation of the pygidium than is normal to either 1. gigas 

or the adult 1. maximus,' and judging from this evidence alone (I have had no 

opportunity of examining authentic specimens of this form), this would seem to be 

the condition of normal maturity. 

Among the Minnesota specimens is an enrolled individual conforming fully to 

the general specific type of 1. gigas-maximus in its elongate subtriangular head and 

tail shields, and bearing a minute spinule at the genal angle, which could not have 

extended more than half way across the first thoracic segment. This individual is 

above the average size of the 1. maximus of the Trenton limestone. In another 

*. Geological Survey of Wisconsin, Iowa and Minnesota, pI. 2, fig. 3. 185~. 
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specimen from the Trenton horizon of New York of about the same size as the 

foregoing there is no spine, but at the angle of the cheek there is a distinct puckering 

Fig. 6. Genal extremity of Isotelus gigas 'lnaXi'lnU8, with minute spinule, x 3. 

of the test, making a small, acute tubercle. This evidence goes to indicate that the 

cheek spine in these asaphids is a character of immaturity, diminishing in size as 
the adult condition is approached. 

Fig. 7.-Genal extremity of Isotelus gigas-'lnaxi'lnus, with puckered, but aspinous apex. Trenton 
limestone, N. Y. 

In the earlier representatives of this generic type where segmentation of the 

pygidium is retained at maturity (Ptychopyge), the long cheek spines are also retained, 

e.g. Asaphus romingeri Walcott, of the Black River limestone; and, as observed above, 

the adult condition of such species is to be regarded as phylogenetically immature. 

The sporadic or restricted local appearance of genal spines in large individuals, an 

occurrence of rarity, is a natural exception to normal processes, the retention of 

infantile characters at maturity, or their resumption in the senile condition, occurring 

alike in individuals, species and races. The Isolelus canalis Whitfield, sp., is an early 

Trenton (Birdseye) or Calciferous form, very closely similar in all specific values to 

L gigas-maximus, retaining, however, at maturity cheek spines, without the segment

ation of the cephalon and pygidium. Our acquaintance with this form is essentially 

restricted to the single large, enrolled, distorted and otherwise imperfect specimen 

described by Mr. R. P. Whitfield. Toward the close of the Trenton epoch and during 

the predominance of the normal Isotelus-type and with the senile decline of the race, the 

highly segmented and spiniferous type reappears in the Asaphus crtnadensis Chapman 

and the Gerasaphes ulrichana, gen. et. sp. nov., hoth from the horizon of the Utica slate, 

both recurrent Ptychopyge or a senile reappearance of the immature indi vidual type. * 
* Some years ago the writer had the opportunity of studying the strucLure and mode of development of the eye in a 

Single highly facetted trilobite, Phacops rana (Journal of Morphology, vol. ii, p. 253. pI, 21. 1883), and demonstrated not only 
a gradual increase in the number of lenses from immaturity to adulthood, but also that, after maturity, senile growth was 
accompanied by a resorption or obscumtion of the lenses, and in consequence, by a return of the visual area to its infantile 
Condition. These conclusions were deri ved frOm the in vestigation of a V>lst number of selected specimens. 
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The suggestions made here with reference to the morphological significance of 

the genal spines can be tested fully only when extensive series of specimens are 

brought under study. That in the subgenus Isotelus, they are infantile characters 

gradually eliminated in successive moultings of the test, appears to be true, not 

only of the individual, but of the race. 

IsoTELUS GIGAS DeKay, 1824. 

Of late yeara the name intro.duced by Stokes, Asaphus platycephalus, for a 

trilobite from St. Joseph island, lake Huron, has become current for this species, 

on the ground of priority of description.* None of the figures given by Stokes show 

the structure of the genal angles, and it is therefore wholly a matter of presumption 

whether his specimens were of the same character as those afterwards fully d~scribed 
and illustrated_by DeKay.-l-

---------.... -

Fig. 8.-Is'Jtelus gigas DeKay. Hypostoma of a large individual. Hudson River sandy shales 
(erratic), central New York. 

Formation and locality of Isotellts gigas in the Minnesota formations. Hudson River group, Granger. 
There is a single nearly entire specimen which appears to have had a spineless cephalon, from the Galena 
limestone at Mantorville; and from the same locality a fragment of the glabella ()f an immense individual, 
which in its entire condition must have had a length of not less than 17 inches. This is the largest 
authentic specimen of an agaphid recorded, and I have here introduced an outline figure of the animal 
in its natural proportions. 

I SOTELUS MAXIMUS Locke, 1838. 

This is the name first proposed by Locke, who subsequently changed it, for 
euphony, to I rnegistos, under which it has usually passed. 

Formation and locality.-Trenton: Minneapolis, St. Paul, Rochester, Minn.; Mineral Point, Wis. 
Galena:_Wykoff, Warsaw. Kenyon, Cannon Falls, Minn. Hudson River: Granger, Minn. 

"Trans. Geological SOCiety, vol. i. 2nd Series, pp. 190, 208, pI. 27. 1822. 

1'The Trenton r.ocks of ~ ew York .contain a distinct ~ptlcies known at present only from its pygidillm. This has passe.e 
under the name I. (l1(lCLS. and IS figured In the Palooontology of New York. vol. i, (pI. 6i. figs. 3g, 3b). associat.ed with cephal:. 
of corresponding size, but which mayor may not belong to It. It Is characterized by its broad, blunt, somewhat elevatet 
posteriol' termination, and flat upper surface and axis. Notwitbstanding the flatnf)ss of the surfaoe, the axial furrowS .ar 
clearly defined, and the segmentation of both axis and pieuroo are disoernible even to the extremity of the sbield. especiall, 
on the in~ernal ~asts. The fossil is not especially common, though I have seen several olul.l'aoteristio examples. TheliP~1!: 
may be dlstmglllsbecl by tbe terlIj • .(8qt~lu8 ja~o1)u8, Q\ling dediQll,teg to l'rof. J"'mes Hall. . 
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Fig. S.-Is'Jtelus gigas DeKay. Hypostoma of a large individual. Hudson River sandy shales 
(erratic), cen tral New York. 

FOl'mation and locality of Isolelus gigas in the Minnesota formations. Hudson River group, Granger. 
There is a single nearly entire specimen which appears to have had a spineless cephalon, from the Galena 
limestone aL Mantorville; and from the same locality a fragment of the glabella of an immenseindividuaJ, 
Wllich in its entire condition must have had a length of not less than 17 inches. This is the largest 
authcntic specimen of an asaphid recorc]ecl, and I have here introduced an outline figure of the animal 
in its natural proportions. 

ISOTELUS MAXIMUS Locke, 1838. 

This is the name first proposed by Locke, who subsequently changed it, for 

euphony, to I megistos, under which it has usually passed. 
Formation and locality_-Trenton: Minneapolis, St. Paul, Rochester, Minn.; Mineral Point, Wis. 

Galena:_Wykoff, Warsaw, Kenyon, Cannon Falls, Minn. Hudson River: Granger, Minn, 
·Trans. Geological SOCiety, 1'01. i, 2nd Ser'ies, pp, 190,208, pI. 27. 1822. 

i'The Trenton rocks of New York contain a distinct "ptlcles known at present only from its pygidium. This has passel 
under tue nan,le I.maC/s. and is figured in the Palmontology of New York, vol. i, (pI. 61. figs. 3fl, 3b), associated with cephal:. 
of Cf)n:espondl~g Sl,ze, but which mayor mn,y not belong to it. It is characterized by its broad, blunt, somewhat eleV'atec 
posterlOr terlJJlnatlOn, and fiat upper surface and axis. Notwithstanding the fiatn8ss of the surface, the axial furrows ar 
clearly. defined, and the segmentation of both axis and pleural are disoernible even to the extremity of the shield, especiall. 
on the Internal ~asts. Tbe fossil isnot espcciallycorunlOn, though I haye seen several clJaracteristic examples. Thespecie 
may be dIstlDguIslJe(j by tbe ter ll1, .(80t01"8 JacoliUs, geing de(jjc",teC\ to Prof. Ja.lUes Hall. . 
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IsoTELUS CANALIS Whitfield, sp. 

Asaphus canalis WHITFIELD, 1886. Bull. Am. Mus. Nat. Rist., vol. i, p. 336, pI. 34, figs. 1-8. 
Asaphus canalis WHITFIELD, 1889. Bull. Am. Mus. Nat. lIist., vol. ii, p. 64, pIs. 11, 12. 
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This name, which has been ascribed to Conrad by both Profs. Hall* and W hit

field,-j- and also by Mr. Billings,t had no particular meaning until Whitfield described 

under it a nearly entire individual from the Fort Cassin beds on lake Champlain. 

To credit the species to Conrad is merely a matter of courtesy, as it was used only 

in his manuscript and even then applied to a specifically unidentifiable part of 

the pygidial doublure. The relations of that fossil, or of those described by Hall under 

this name from the Chazy limestone, to Mr. Whitfield'::; species are quite uncertain. 

There are two extended and nearly entire speCimens from the lower or Birdseye 

horizon of the Trenton group in Fillmore county, Minn., and a single pygidium 

Fig. 9.-Isotelus canalis? Lower Trenton, Fillmore county. 

from an equivalent position at Stanton, Minn., which may be provisionally referred 

to this species; though it is to be eonfessed that their differences from I. maximus 

*Palreontology of N. Y., vol. i, p. 25, pI. 4biB, figs. n-19. 1847. 

t Loc. cit. l' "DO I l' fi~ 5 1%' * Palreozoic Fossils, vol. i, p. 255, p. 352, fig. 340, 1E65; al1d Geology of VerplOpt, YO • I. p. - , p. -, 0" " 

TRILOBITES. 
Isotelus canalis.] 

IsoTELUS CANALIS Whitfield, sp. 

Asaphus canalis WHITFIELD, 1886. Bu]!. Am. Mus. Nat. Rist., vo!. i, p. 336, pI. 34, figs. 1-8. 
Asaphus canalis WHITFIELD, 1889. Bul!. Am. Mus. Nat. lUst., vol. ii, p. 64, pIs. 11, 12. 

707 

This name, which has been ascribed to Conrad by both Profs. Hall* and W hit

field,-l- and also by Mr. Billings,t had no particular meaning until Whitfield described 

under it a nearly entire individual from the Fort Cassin beds on lake Champlain. 

To credit the species to Conrad is merely a matter of courtesy, as it was used only 

in his manuscript and even then applied to a specifically unidentifiable part of 

the pygidial doublure. The relations of that fossil, or of those described by Hall under 

this name from the Chazy limestone, to Mr. Whitfield'::; species are quite uncertain. 

There are two extended and nearly entire specimens from the lower or Birdseye 

horizon of the Trenton group in Fillmore county, Minn., and a single pygidium 

---~ 

Fig. 9.-Isotelus canalis? Lower Trenton, Fillmore county. 

from an equivalent position at Stanton, Minn., which may be provisionally referred 

to this species; though it is to be eonfessed that their differences from I. maximus 

*Palreontology of N. Y., vol. i, p. 25. pI. His, figs. 17--19. 1847. 
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are not impressive. The smaller individual has a more decidedly flattened cephalic 

border than the larger, but this difference is probably due to circumstantial causes; 

its cheek spines are much the longer, extending to the sixth segment, while on the 

larger example they reach only to the second. 

Formation and locality.-Lower Trenton; Fillmore county, and Stanton, Goodhue county. 

IsoTELUS SUSlE Whitfield, 1882. 

Asaphus SUSal (CALVIN in MS.) WHITFIELD, 1882. Geology of Wisconsin, vol. iv, p. 236, pI. 5, fig. 3; 
pl. 10, fig. 8. 

The features distinguishing this form from its allies in the same fauna lie mainly 

in the general proportions of the animal. Both cephal on and pygidium are broad 

and relatively short, their outlines being in contradistinction to the elongate and 

subangular head and tail shields of I. gigas and L maximus. In addition, there is a 

general and very regular convexity of the parts, a sharper definition of the thoracic 

axis, deeper and more distant axial furrows on the pygidium; the facial sutures, also, 

on their anterior limb, make broad, sweeping outward curves and a large angle at their 

union. The description of the species has been given in detail by Mr. Whitfield in 

the work cited and it is only necessary here to indicate the differential characters. 

Figs. 10, 11. Two views of an imperfect, partially enrolled individual of Isotelus SUSal Whitfield. 

For"},ation and locality.-Specimens having about the same dimensions as the origin~l occur in the 
Hudson River group at Granger (Museum No. 8434) and tWQ miles east of Spring Valley Minn. (cQUection 
of Mr. Ulrich). " " .. , , 

708 THE PALEONTOLOGY OF MINNESOTA. 
[Isotelus SllSm. 

are not impressive. The smaller individual has a more decidedly flattened cephalic 

border than the larger, but this difference is probably due to circumstantial causes; 

its cheek spines are much the longer, extending to the sixth segment, while on the 

larger example they reach only to the second. 

Formation and locality.-Lower Trenton; Fillmore county, and Stanton, Goodhue county. 

IsoTELUs SUSlE Whitfield, 1882. 

Asaphus susce (CALVIN in MS.) WHITFIELD, 1882. Geology of Wisconsin, vol. iv, p. 236, pI. 5, fig. 3; 
pI. 10, fig. 8. 

The features distinguishing this form from its allies in the same fauna lie mainly 

in the general proportions of the animal. Both cephalon and pygidium are broad 

and relatively short, their outlines being in contradistinction to the elongate and 

subangular head and tail shields of I. gigas and L maximus. In addition, there is a 
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of Mr. Ulrich). . - , ... 
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Subgenus PTYCHOPYGE, Angelin, 1854. 

PTYOHOPYGE ULRICHI, n. sp. 

This species is represented in the material before me by seven more or less com

plete pygidia; one small and entire, 21 mm. in length and 35 mm. in greatest width; 

another,'a part of a very large one, fully 120 mm. in width across the top. The general 

form of the first is semi-oval except about the margins which are broadly concave. 

Fig. 12.-An entire pygidium of Ptychopyge ulrichi, Cannon Falls. 

The lobation is clearly defined, the axis being relatively narrow, slightly more than 

one-fifth the entire length of the shield, and extending for somewhat more than 

two-thirds the length of the pygidium, ending in a blunt, not elevated extremity. 

Fig. l3.-Fragment of a large pygidium of Ptychopygf', ulrichi, with restoration of outline. Cannon 

Falls. 

It bears eight or nine annulations, only the first three or four being well defined. 

The pleural are convex and rather short on account of the broad, concave margin. 

Besides the articulating segment there are five ribs, with a trace of a sixth; and on 

the internal cast seven or eight ribs may be discerned. Of these the first is the 

'; ",-',. 
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broadest; all are simple, unfurrowed, and all disappear quite abruptly at the marginal 

border. The posterior portion of tl~e pleurre is smooth, and the extrerriital area of the 

border is slightly bent upward. The entire surface of the shield is covered with 

anastomosing, racemose, elevated lines, which are very conspicuous on the larger 

specimen, and clearly apparent on the smaller. This ornament is one of the generic 

characteril of the group given by Angelin: "densissime striolatus." This species is not 

widely diifclrent, so far it is known, fl'om Asaphus huttoni Billings,'» from t.he Quebec 

group of Table Head, Newfoundland, except. in the length of the axis, which exceeds 

that of the latter species. It is an excellent representative of the strongly segmented 

type of Asaphu8 for which Angelin proposed the name Ptychopyge. 

Formation and locality.-One of the smaller specimens is from the lower blue beds of the Trenton 
limestone at Mineral Point, Wis. (Museum No. 8402). and the others from an equivalent or Birdseye 
horizon at Cannon Falls, Minn. The latter are from the collection of Mr. Scofield. 

GERASAPBES,t n. suLgen. 

GERASAPHES ULRICHANA, n. sp. 

The form for which this name is introduced, though small, and even imperfectly 

known in certain respects, is one of no little interest in its relation to the ontogeny 

of the asaphids. The specimens of the single known species (named in compliment 

to its, discoverer, Mr. E. O. Ulrich) consist of two cranidia and two pygidia, lying on 

the surface of fragments of a calcareous shale, from the horizon of the Utica slate, 

at the mouth of the Licking river, Ohio. Of these four examples, three are on. the 

same piece of rock. The following description embodies not only the distinguishing 

characters of the subgenus, but alilo those of the typical species. 

Fig. U.-Cranidium of Gerasaphes ulrichana, x 4. 

Of the two cranidia, one has a length of 4i mm., the other of 2i mm. The form 

of this part is distinctly asaphoid. r:J'he facial sutures take their origiit on the 

posterior margin, making an acute angle with it-, thence passing inward in a slightly 

convex curve to the palpebral lobes which are situated at about one-third the length 

of the cranidium from the posterior margin. These lobes are not large and the 

course of the sutures in front of them is that characteristic of Isotetus, being a broad 
* Palreozolc Fossils, "01. i, p. 271. fig. 237, 1865. 

t Gera.'i&s, old; rt,aplles, asapla us. 
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broadest; all are simple, un furrowed, and all disappear quite abruptly at the marginal 

border. The posterior portion of tl~e pleurm is smooth, and the extremital area of the 

border is slightly bent upward. The entire surface of the shield is covered with 

anastomosing, racemose, elevated lines, which are very conspicuous on the larger 

specimen, and clearly apparent on the smaller. This ornament is one of the generic 

characters of the group given by Angelin: "deJlsissime striolatus." This species is not 

widely different., so far it is known, from Asaphus huttoni Billings,* from the Quebec 

group of Table Head, Newfoundland, except in the length of the axis, which exceeds 

that, of the latter species. It is an excellent representative of the strongly segmented 

type of Asaphus for which Angelin proposed the name Ptychopyge. 

Formation and locality.-One of the smaller specimens is from the lower blue beds of the Trenton 
limestone at Mineral Point" Wis. (Museum No. 8402). and the others from an equivalent or Birdseye 
horizon at Can non Falls, Mi n n. The latter are from the collection of Mr. Scofield. 

GERASAPHES,-j- n. subgen. 

GERASAPHES ULRIOHANA, n. sp. 

The form for which this name is introduced, though small, and even imperfectly 

known in certain respects, is one of no little interest in its relation to the ontogeny 

of the asaphids. The specimens of the single known species (named in compliment 

to its discoverer, Mr. E. O. Ulrich) consist of two cranidia and two pygidia, lying on 

the surfdce of fragments of a calcareous shale, from the horizon of the Utica slate, 

at the mouth of the Licking river, Ohio. Of theRe four examples, three are on the 

same piece of rock. The following description embodies not only the distinguishing 

characters of the subgenus, but also those of the typical species. 

Fig. H.-Cranidium of Gerasaphes ulrichana, >< 4. 

Of the two cranidia, one has a length of 4t mm., the other of 2i mm. The form 

of this part is distinctly asaphoid. The facial sutures take their origin on the 

posterior margin, making an acute angle with it, thence passing inward in a slightly 

convex curve to the palpebral lobes which are situated at about one-third the length 

of the cranidium from the posterior margin. These lobes are not large and the 

course of the sutures in front of them is that characteristic of Isotelus, being a by;oad 
* PalalDzoic Fossils, "Vol. t, p. 271. fig. 237, 1865. 
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outward curve following the margins of the frontal glabellar lobe, and recurving 

anteriorly, the branches of the suture meeting at an angle in the median line at, or 

just within the frontal margin of the cephalon. Between the anterior limbs of the 

suture and the frontal lobe is a smooth, flat area. 

The glabella is broad and expanded anteriorly, narrowing backwards, its 

anterior width being fully twice thfLt at the occipital ring. Its surface is quite 

smooth and evenly convex with an obscure median longitudinal ridge traversing its 

entire length. The extreme lateral points of the frontal lobe lie about one-fourth 

the length of the glabella from the anterior margin; thence the lateral outlines 

converge in nearly straight lines to points just above the palpebral lobes, where 

there is a slight inward deflection on each side, which represents the position of the 

first glabellar furrows. Below this is a pair of more conspicuous depressions, or the 

second lateral furrows, which begin opposite the middle of the palpebral lobes, pass 

directly inward for a short distance and then backward, extending quite to the 

occipital furrow. These furrows are not deep but the lobes thus cut off are quite 

distinct. The posterior median portion of the glabella between these furrows is 

narrow and the low axial ridge traversing it terminates at the neck ring in a round, 

blunt elevation. These features, with the exception of the prominence of the basal 

lobes, are throughout characteristic of the typical Asaphus, and the accompanying 

figure may be compared with that of Asaphus expansus given on a preceding page. 

The occipital ring is arched and moderately prominent . 

• 
Figs. 15, 16.-Pygidia of Gemsaphes ulrichana, x 5. 

Pygidium multisegmented, outline subparabolie, margin entire. Surface very 

convex medially, lateral portions depressed convex. Border broad and flat, being 

widest at the post-lateral edgell, narrowest at the anterior angles and posterior 

extremity. At the l:ltter point there is a slight incurvature of the margin. The 

outline of the convex portion of the shield is subtriangular and quite different from 

that of the margin. 
Axis quite narrow, highly convex, longitudinally arched and extending to the 

marginal border. It bears 10-11 distinct annulations, the anterior ones being 

s~parated by broad grooves. Only the posterior extremity is unsegmented. 

The pleurm bear 7 ribs on each side; these are narrow, straight, transverse, very 

slightly reflected except at their outer extremities on the margin. Each of these 

sharply defined ribs is di'vided by a deep sulcuf', broader than the interannular 
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grooves which are linear. These sulci disappear at reaching the broad margiri, but 

the interannular grooves are continued upon, and nearly across' the marginal 

expansion. The surface appears to have been quite smooth. 

The larger of the specimens measures 2 mm. both in length and width. 

The distinctive features of this subgenus and species are those of early 

representatives of the asaphid type, which at maturity show a condition of distinct 

annulation. The form appeared at a period when the true asaphs were on, the 

decline and near extinction. Both structure and size indicate that this was a 

paracmic modification of the asap hid stock, reproducing in the senility of the race 

the characters of immaturity. 

Formation and locality.-Utica shale, mouth of Licking river, Ohio; probably also in the Hudson 
River shales, Rome, N. Y. 

Genus NILEUS, Dalman, 1826. 

NILEUS VIGILANS ~Meek and Worthen, (sp.) 1875. 

Asaphus vigilans MEEK and WORTHF.N, 1875. Geol. Surv. Illinois, vol. vi, p. 497, pI. 23. fig. 6. 
Illomus (Nileus) minnesotensis, FOERSTE, 1887. Fifteenth Rept. GeoI. and Nat. Rist. Surv. Minn., 

p. 478, fig. 1. 

The description given by Mr. A. F. Foerste was based upon a single cranidium 

from the Trenton horizon at Minneapolis. There are before me a number of 

essentially entire individuals, most of them enrolled but several in an extended 

condition. Some of these are from Minneapolis but the majority from the Galena 

bed!:!. Upon comparison of these with the description and original specimens of 

Asaphus vigilans Meek and Worthen, I find no basis of specific distinction. 

Fig. 17.-Nileus vigilans Meek and Worthen. 
Cephalic view of an eUfolleel iueli vidual. 

Fig. 18.-Profile of the same specimen. 

General form elliptical with subcrescentic extremities; longitudinal lobation 

very obscure. Cephalon transverse, regularly convex. Margin very slightly 

thickened by a thread-like elevation. Genal angles obtuse. Frontal slope full but' 

not projecting, terminating abruptly on the margin; lateral surface slightly 

depressed beneath the eyes; upper surface between the eyes flattened. Glabella, 

dorsal furrows, occipital furrow and ring not defined. Eyes small for this genus, 

but prominent; situated at points each one-third of the entire transverse diameter 

from the lateral margin and one-third of the longitudinal diameter from ,the posterior; 
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margin. l!'acial sutures making a broad outward curve on their anterior limb, 

incurving again near the anterior margin, reaching it in front of the center of the 

eyes and traversing the margin without angulation; posterior curves intersecting 

the posterior margins at large angles not far from the genal extremities. 

Fig. 19.-Nileus vigilans Meek and Worthcn. An entire individual, with cephalon inclined. 

Thorax composed of eight broad, flat segments. Longitudinal lobation very 

obscure, axis very broad, covering three-fourths of the entire width of the thorax. 

The segments are broad in the middle, narrowing somewhat at the axial furrows; 

on the pleurre they are very narrow, not grooved, and the beveled articulating 

planes extend for the entire distance from the dorsal furrows. 

Pygidium comparatively short, subsemicircular on the margins. Surface 

smooth, sloping equally to the sides and posterior extremity, slightly concave just 

within the margin; without external evidence of lobation or segmentation. On the 

cast of the inner surface the axis is seen to be considerably narrower at the anterior 

margin than at the termination of the thorax, and its lateral margins taper regularly 

to a point not distant from the posterior extremity of the shield; in a favorable 

light eight annulations may be counted on the axis and five on the pleurre. The 

articulating ring and groove on the anterior margin are broad and conspicuous. 

Doublure broad, coarsely striated as in Isotelus. Surface ornamented, especially on 

the extremital portions, by coarse venation traversing the test transversely. 

A very young entire example has a lengtp. of 16 mm.; the large:::t extended 

specimen is 26 mm. in length, and the largest enrolled example 50 mm. in length. 

It is evident from certain isolated pygidia that these dimensions were frequently 

exceeded. 
Formation and locality. -Lower Trenton (Black River), Minneapolis; Galena shales, Wykoff, 

Pleasant Grove, Minnesota. The species was originally described from the Hudson Ril'er fauna of 
Carroll and Kendall counties, Illinois. 

Observations-This species resembles in many respects the BUllwstus trentonensis, with which it is 
aSSOCiated; but it will be readily distinguished therefrom by the position of the eyes, form of the facial 
sutures, shallowness of the cephalon, and great breadth 0f the thoracic segments. Normal forms of the 
genus Nileus are characterized by the great length of their eyes. This feature is seen in N. armadillo 
Dalman, the type of the group, in N.palpebrosu.~ Angelin, and in the three species described by Billings 
from the Quebec group, N. scrutator, N. Tn2CrOpS, N. affinis.* These long, sublunate eyes are forcible 
evidence of morphological immaturity, which is corroborated by the earlier age of such forms of the 
genns. Diminution in strength and increase in hight of the eyes, as in N. vigilans is undoubtedly 
the accompaniment of phyletic maturity in this group. Hence I have felt no hesitation in endorsing Mr. 
Foerste's generiC reference of this fossil; though if another name were current, it might be useful as 
indicating the different stage of development attained by the later forms. 

* Paleozoic l!'ossils, vol. vii, 1865, pp. 273-275. 
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Genus ILL.:ENUS, Dalman, 1826. 

ILLENUS AMERIOANUS Billings, 1859. 

Illcenus americanus BILLINGS, 1859. Canad. Nat. and Geol., vol. iv, p. 371. 
Illcenus taurus HALL, 1861. Geol. Surv. Wisconsin; Rept. Progress, p. 49. 

[IlIIllDUS amedOjllllis. 

Illcenus americanus BILLINGS, 1865. Palreozoic Fossils, vol. i, p. 329, figs. 316a-d. 
Illcenus taurus MEEK and WORTHEN, 1868. Geol. Surv. Illinois, p. 320, pI. 3, fig. 2. 
cf. Illcenu.~ crassicauda (WAHL.) HALL, 18·17. Palreontologyof New York, vol. i, pI. 229, p. 60, figR. 

4c, d (not 4a, b). 

This species is of frequent occurrence in various localities in Minnesota, and as 

its dismembered parts bear certain similarities to other species with which they are. 

associated (ThaZeops ovata, Bumastus trentonensis and B. orbicaudatus), it will be useful 

to quote the very exact and detailed description given by Billings: 

Oblong, distinctly trilobed; length two or three inches; width from three-fifths to five-sixth" 'the 
length. Head large, strongly convex, its hight usually a little greater than its length tneasured on a 
straight line, sometimes abruptly bent down at less than half the length from behind, often uniformly 
arched from the front to the posterior margin, equal to about one-fourth of a sphere; length from front to 
posterior margin about two-thirds the width between the cheek angles in a straight line. The glabella 
is moderately convex; the dorsal furrows extend from one-fourth to a little more than one-third the 
whole length of the head, measured on the curve, and have an obscure sigmoid curve, at first outwards 
and then inwards, their anterior extremties usually turning a little outwards; they are distant from each 
other not quite one-half the whole width of the head. The eyes are of moderate size, about two lines in 
length, about half their length from the posterior margin, and half the width of the glabella from the 
dorsal furrows. The cheek angles are rounded, and the posterior margin of the head makes with the 
lateral lower margin, as seen in a side view, usually a right angle, but in some specimens an obtuse angle 
of nearly 1000 , owing to the variable extent to which the front part of the head is produced downwards. 
In some the portion'of the posterior margin outside of the eye curvI!s forwards, and brings the cheek angle 

20 22 

21 23 

Figs. 20-23.·-Illcenus americanus (after Billings). Fig. 20.-Upper side of head. Fig. 21.-Front 
view of the same individual. Fig. 22.-Pygidium of the same. Fig. lla.-A nearly entire individual. 

to a position in front of the eye. In ot,hers it is behind the eye. The space between the eye and the dorsal 
furrows is convex, and the eye itself seems to be rather protuberant or subconical. The movable cheek is 
subtriangular, its width at the posterior margin about once and a half the distance of the eye from the 
dorsal furrow, its length along the lower margin a little greater than its posterior width. The anterior 
margin of the whole head is uniformly rounded, with the exception of a slight concave curve just outside 
of the suture. In some specimens in which the front part of the head is most abruptly bent down the 
middle portion of the front margin is depressed convex or nearly straight. 

Thorax with ten segments. Axis moderately convex, from a little more than one-third to nearly 
one-half the width of the whole animal, a little wider at the anterior than at the posterior segment; the 
sides sometimes straight and sometimes slightly curved outwards. On each side.of the axis there is a.flat 
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Figs. 20-23.·-Illomus a?l1ericanus (afLer Billings). Fig. 20.-Upper side of head. Fig. 2l.-Front 
view of the same individual. Fig_ 22.-Pygielium of the same. Fig. :l:3.-A nearly entire individual. 

to a posi tion in fron t of the eye. In ot.hers it is behinel the eye. The space between the eye and the dorsal 
furrows is convex, anel the eye itself seems to be rather protuberant or subconical. The movable cheek is 
subtriangular, its width at the posterior margin about once anel a half the distance of the eye from the 
dorsal furrow, its length along the lower margin a little greater than its posterior width. The anterior 
margin of the whole heael is uniformly rouneleel, with the exception of a Oilight concave curve just outside 
of the suture. In some specimens in which the front part of the head is most abruptly bent down the 
mieldle portion of the front margin is depressed convex or nearly straight. 

Thorax with ten segments. Axis moelerately con vex, from a Ii ttle more than one-third to nearly 
one-half the width of the whole animal, a little wider at the anterior than at the posterior segment; the 
sides sometimes straight and sometimes slightly curved outwards. On each side of the axis there is a flat 



ttirenus amerloan us.i 
TRtLO BtTES. 715 

Bpace between the side of the axis and the head of the pleur<e. The width of the sp:1Ce is between one
third and one-half the width of the axis. The pleural are bent at the fulcra at an angle which varies in 
different indi viduals, from 25~ to 451), and at nearly one-half their length from the side of the axis. 

Pygidium usually a little shorter than the thorax; varying from moderately to rather strongly con
vex; the posterior margin broadly and uniformly rounded; the anterior angle truncated nearly halt' the 
whole length of the pygidiullii the straight sides formed by the truncation forming an angle of from 40° to 
60° with the longitudinal axis of the body. The axis of the pygidium is well defined at the anterior 
margin by the dorsal furrows, which die out at about one-third or one-half the lengtb, converging towards 
each other, and sometimes obscurely defining the apex. 

Tbe surface characters of the spedes are peculiar although somewhat variable. The specimen on 
which the species was originally founded, has the whole of the head and pygWium covered with short 
squamose fissure-like stri<ej one edge of each fissure being more elevated tban the other, gi ves to the sur
face a wrinkled appearance. These strim vary in length from half a line to two or three lines, and are 
from one-eighth to one-fourth of a line distant from each other. On the tail they seem to radiate irregu
larly from the axis as a center. Near the front margin and parallel with it, are a number of straight 
continuous fissures. This latter character occurs in other species of this genus. In other specimens the 
strim are more distinct and distant, but still are of the same character. In a specimen in Dr. Grant's 
cabinet, the middle portion of the front of the head is nearly smooth, and in addition to tbe strhe, is 
coarsely punctured. 

Mr. Billings also called attention to the close approach of 1. americanus to 1. 

crassicauda Wahlenberg; and I am of the opinion that the same fossil had been 

described by Hall in 1847 (loc. cit.) under the latter name. 

It appears from the observations made by Holm* that this species (1. crassicauda 

Wahl.) has been generally misapprehended from the date of its description (1821). 

Holm has redescribed the specific characters from the type specimens, and, as a 

result, eliminates from this association all other fossils which have been compre

hended under this designation. Thus restricted, the author regards the species as 

unknown outside of Dalecarlia, Sweden, and as having a very short vertical range 

"from the youngest layers of the Orthoceras-limestone to the oldest of the Cystidean

limestone" (an immediately succeeding zone). With 1. crassicauda thus limited, 1. 

american us appears to be its nearest relative; indeed, there is excellent reason for 

holding the latter but a variety of the former. The similarities in the two are both 

general and detailed; the differences which may be indicated are a somewhat deeper 

anterior convexity of the cephalon in the American form, a less sharply limited 

glabella. and pygidial axis. Otherwise the contour of the parts, all and several, the 

surface sculpture with its variations on the different parts, marginal outlines and 

curves of facial sutures are all alike. 

Some of the internal casts of the cephal on from the Galena limestone at Wykoff 

show, at the anterior termination of the dorsal furrows, two lunate cicatrices 

like those mentioned in the description of Burnastus trentonensis and B. orbicaudatus. 

In finely preserved specimens from the Trenton of N ew York there is seen to be a 

smooth interruption of the external ornamentation directly over these spots. The 

Minnesota specimens are usually in a dismembered state and are frequently some-

* Zeitschr. der deutsch. geolog. Gesellsch., vol, xxxii., p. 559, pI. 33, 1880. 
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716 THE PALEONTOLOGY OF MINNESOTA. 
[Illalnus indeterminatus. 

what abraded and in rather an unfavorable condition for study. An enrolled 

specimen from Kenyon retains the parts better than any other observed. 

Formation and locality.-Illcenus americanus, like I. crassicauda, has: it very restricted vertical 
range, though of distinctly later date than the latter. Billings speaks of it as a rare species occurring in' 
the" Trenton limestone only," at Ottawa, L'Orignal, and lake Huron. In the Trenton limestone of 
Trenton Falls it is not uncommon and is exquisitely preserved. In Minnesota it is known only in the 
Galena limestone and shales at Wykoff, Kenyon, Old Ooncord, Oannon Falls, and in Goodhue county; 
also at Oshkosh, Wisconsin, and Galena, Illinois. 

lLL,dmus; compare 1. INDETERMINATUS Walcott. 

Illcenus indeterminatus WALCOTT, 1879. Thirty-first Ann. Rept. N. Y. State Mus. Nat. Rist., p. 70. 

Fig. 24.-0ranidium of Illcenus; cf. I. indeterminatus Walcott. 

There is a single cranidium of comparatively large size, from the lower Trenton 

beds at Janesville, Wisconsin (Museum No. 8413), which agrees very well with the 

description given by Walcott, and is characterized by the conspicuous development 

of the dorsal furrows, which clearly define the lateral outline of the glabella. Mr. 

Walcott's original specimens were from Herkimer county, N. Y. (Black River lime~ 
stone), and from Plattesville, Wisconsin. 

Subgenus THALEOPS, Conrad, 1843. 

THALEOPs OVATA Conrad, 1843. 

Thaleops ovata OONRAD, 1843. Proc. Acad. Nat. Sci. Phil., vol. i, p. 332. 
Thaleops (Illcenus) ovatus HALL, 1843. Palmontologyof New York, vol. i, p. 259; pl. 67. figs; 6a, b. 
Illcenus ovatus WIIITFIELD, 1882. Geology of Wisconsin, vol. iv, p. 238; pI. 5, figs. 1-2. 
lllcenus herric7ci FOERSTE, 1887. Fifteenth Ann. Rept. Geol. and Nat. Hist. Surv. Minnesota, p. 

479, fig. 2. 

This appears to be the most abundant of the Minnesota trilobites; and though I 

have seen but two essentially entire specimens, separated heads and tails are of 

frequent occurrence. The species is very characteristic in its structure and was 

clearly described by Mr. Conrad from entire individuals. The diagnostic features 

indicated by him, and which lead at once to the identification of the species, are the' 

deep lobation of the cephalon, the attenuate cheeks, divergent, tapering, peduncular 

eye-nodes, and the complete isolation of the axis of the pygidium. The first of 

these features varies more or less and is better defined on internal casts than on the' 
external surface. 

. , 
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TRILOBITES. 717 
Thaleops ovata.l 

General form ovoid, broadest anteriorly, attenuate and salient at the angles of 

the cephalon. Axial length and greatest width equal. Cephalon broadly semicir

cular on the anterior margin, slightly incurved or contracted laterally and again 

prominent at the genal angles which are narrow and prod uced beyond the general 

outline of the body into blunt, short spines. Posterior margin gently convex on the 

cheeks and much more convex axially.' Dorsal furrows clearly defined on the 

posterior half of the cephalon, disappearing at or in front of its summit. On internal 

casts these furrows are quite deep and though becoming faint anteriorly may some

times be traced nearly to the front margin of the shield. The glabella thus outlined 

is sub quadrate, expanded anteriorly, its median width being about one-third the 

entire width of the cephalon. Where faintly delimited on its ante~ior portion its 

width is one-third greater than at its base. A single pair of very short lateral 

glabellar furrows makes a slight indentation on each' margin, serving to divide 

the part into an anterior or frontal lobe and a single pair of lateral lobes. The 

occipital furrow and ring which are scarcely discernible on the outer surface are 

clearly distinguishable upon the cast. The anterior slope of the glabella is deep, 

nearly vertical for a short distance and convex above. The fixed cheeks are less 

convex than the glabella and along the dorsal furrows on the cast, bear an indenta

tion opposite and corresponding to the lateral lobes of the glabella. The general 

surface tapers to the narrow, subcylindrical palpebral lobes which are depressed 

below the re~t of the surface and lie nearly in the plane of the thorax. The free 

cheeks are abruptly constricted beneath and in front of the eyes and take the form 

of divergent slightly recurved spines or horns. The facial sutures rise rapidly from 

the occipital margin to the summit of the eye-nodes, thence rounding gradually 

forward to the anterior margin which they intersect opposite the anterior extremities 

of the dorsal furrows. 

Fig. 25.-Internal cast of Thaleops ovata Conrad. 

Thorax sub quadrate, tapering; composed of ten segments. Surface strongly 

lobed. Axis convex, narrow. Pleur;:e geniculated at about one-third their length. 

Segments flat and, upon the axis, moderately broad) not furrowed on the pleur;:e, 

recurved toward their extremities. 
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[ThalOOM QVI/..ta. 

Pygidium short, transversely subquadrate, the posterior ~argin being a very 

broad curve; width equal to nearly twice the length. Axis very prominent, much 

narrower than at the termination of the thorax. It tapers very gradually and 

Fig. 26.-Pygiclium of Thaleops ovata Conrad: Fig. 27.-The same viewed from behind.· . 

terminates bluntly in an elevated extremity, which is faintly bilobed. The axis is 

thus entirely surrounded by the dorsal furrows. Its length is about one-half that of 

the pygidium and its extremity lies at the beginning of the convex posterior 

deflection of the shield. Anterior margin of the pleurffi straight for one-half their 

extent, thence deflected at nearly right angles. Surface flat above, curving abruptiy 

to the margins. All annulation of the pygidium is very faint, but in well preserved. 

Fig. 28.-Thaleops ovata Conrad. Outline of head viewed from the frent; showing' the terete genal 
extremities. From an impression of the external mould of the specimen shown in figure 25. 

specimens under favorable illumination, traces of five may be counted on the axis 

The surface of the cephalon is covered with epidermal punctffi. On the cheeks and 

over the anterior portion of the glabella these are vertical and isolated; over the 

posterior surface of the glabella they become oblique and confluent, making an 

irregular series of elevated anastomosing striffi. The segments of the. thorax 

appear to be quite smooth. On the pygidium, especially over the anterior portion of 

the axis, the punctations are deep, coarse, and arranged in transverse rows. 

Formation and locality.-Trenton limestone, Minneapolis. Minnesota; Beloit, Janesville, Mineral 
Point, Wisconsin; Dixon, Rockton, Illinois; Decorah, Iowa. 

Observations.-The peculiar extension of the palpebra and the long, attenuate and projecting cheeks 
are features which appeared in an earlier species, Illcenus arcturus Hall, of the Chazy limestone, and re
appeared in the 1. pterocephalus Whitfield, from the Niagara limestones of Wisconsin. In the typical 
forms of Illcenlls (group of I. crassicauda WahL), the structure of these parts is so different (low, sessile 
eyes and broad, obtuse, unprojecting cheeks) that Conrad's term Thaleops may well be retained for the 
subordinate tyjJe of structure represented by I. ovatus. Mr. A. F. Foerste's I. herricki, was evidently 
described from an entire head of I. (Thaleops) ovatus, and must hence fall into the synonymy of the 
species. 

BUMASTUS TRENTONENSIS Emmons (sp.), 1842. 

Illcem!s trentonensis EMMONS, 1842. Geology of New York; Rept. 2d Dist., p. 390, fig. 3. 
cf. Illcenus crassicauda (WAllT,.) HALL, 1847. PallBontology of New York, vol. i, p. 229; pI. 60, figs. 4c, 4d. 

Illcenus milleri BILLINGS, 185!). Canad. Nat. and GeoI.. vol. iv, p. 375. 
Illcenus milleri WALCOTT, 1879. Thirty-first Ann. Rept., N. Y. State Mus. Nat. Rist., p. 71. 

Not Bumastus trentonensis EllIllIONS. Geology of New York; Rept. Second Dist , p. 390, fig. 1. 
Not Illcenus tl'enionensis HALL. PallBontology of New York, vol. i, p. 230; pI. 60, fig. 5. 
Not Illwm!s crassicauda BALL. loco cit., pI. 60, figs. 4a, 4b. 
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R,umastus trentoneDsis., 

Fig. 29.-0utline of head of Illrenus crwssicauda Wahlenberg, viewed from in front. 

Dr. Emmons in W4:2 noticed, under the name Ilhenus trenionensis, a small Bumastus 

from the Trenton limestone at Watertown, N. Y., giving a profile and dorsal view of 

a single entire specimen. These figures are here introduced. In the same place he 

gave a figure of a much larger and quite distinct species, from presumably the same 

horizon, referring to it by the name Bumastus irentonensis. This use of the same 

specific name for species evidently distinct, and which the author regarded as 

generically different, has been the source of the confusion of the two. lllcenus 

trentonensis Emmons, has not been recognized by later writers; Bumastus trentonensis 

Emmons was referred by Hall (loc. cit.) to Illcenus, while Emmons' Illcenus trentonensis 

was not noticed by this writer. This involution of names is the probable cause of 

both of Emmons' terms being referred to L trentonensis in the catalogues of Miller 

and Vogdes. 

The Bumastus trenlonensis Emmons (L trentonensis Hall), as represented. in the 

original figure, is a large species with Itlcenus-like cephalon and broadly lobed thorax 

and pygidium. The longitudinal lobation is so pronounced, and the median lobe 

of the body so narrow, as to make the reference of the species to Bumastus 

incongruous. It appears from the description of this species given by Mr. Hall (loc. 

cit.) that the original specimen was lost, and that his account., as well as his figure 

of it, was drawn from a plaster cast. One or the other of these figures must have 

been quite inaccurate, for the latter represents a fossil in which the lobation is 

altogether obsolete, except for the faint evidences of dorsal furrows upon the 

cephalon. The animal, as represented thus, would be an excellent Bltmastus. I am 

t""" ~. 
I 

Figs~ 30, 31.-Bwnastus trentonensis Emmons (sp.). Copies of the orginal figures of the species. 

disposed to believe the original figure the more reliable; it is certainly the more 

natural in appearance, and was executed by Mr. Ebenezer Emmons, jr., whose 

skill as a delineator of fossils is widely and favorably known. We may safely 

leave to this species the name Illcenus trenfonensis; a,nd shall therefore revive for 
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specific name for species evidently distinct, and which the author regarded as 

generically different, has been the source of the confusion of the two. lllcenus 

trentonensis Emmons, has not been recognized by later writers; Bumastus ft'entonensis 

Emmons was referred by Hall (loc. cit.) to Illcenus, while Emmons' Illcenus trentonensis 

was not noticed by this writer. This involution of names is the probable cause of 

both of Emmons' terms being referred to I. trentonensis in the catalogues of Miller 

and Vogdes. 

The Bumastus trentonensis Emmons (I. trentonensis Hall), as representeu in the 

original figure, is a large species with Illcenus-like cephalon and broadly lobed thorax 

and pygidium. The longitudinal lobation is so pronounced, and the median lobe 

of the body so narrow, as to make the reference of the species to Bumastus 

incongruous. It appears from the description of this species given by Mr. Hall (loc. 

cit.) that the original specimen was lost, and that his account., as well as his figure 

of it, was drawn from a plaster cast. One or the other of these figures must have 

been quite inaccurate, for the latter represents a fossil in which the lobation is 

altogether obsolete, except for the faint evidences of dorsal furrows upon the 

cephalon. The animal, as represented thus, would be an excellent Bwmastus. I am 

Figs. 30, 31.-Bumast1is trentonensis Emmons (sp.). Copies of the orginal figures of the species. 

disposed to believe the original figure the more reliable; it is certainly the more 

natural in appearance, and was executed by Mr. Ebenezer Emmons, jr., whose 

skill as a delineator of fossils is widely and favorably known. We may safely 

leave to this species the name Illcenus trentoneusis j a,nd shall therefore revive for 
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the smaller, now before us, the term Bumastus trentonensis, this process involving 

simply the interchange of the generic names originally applied to the species. 

The original of B. trentonensis was not described, but the wood cuts given of it 

show in both views only eight thoracic segments.· There is no evidence from these 

figures that any of the segments have been lost or forced beneath one or the other 

of the extremital shields. 
Mr. Billings' species Illcenus milleri (from various localities in the Trenton 

limestone about Ottawa, and also from the Black River limestone in the township 

of Hull, Canada) is inseparable from B. trentonensis. It was described as having 

nine thoracic segments; Mr. Walcott, however, in identifying 1. milleri in the Black 

River and Trenton limestone of New York and the Trenton of Platteville, Wisconsin 

(loc. cit.), suggests that one of the segments of the original was concealed, as his 

specimens showed ten segments. Before me are two entire individuals of this 

species from the Trenton limestone of Trenton Falls; one of them shows ten thoracic 

Fig. 32.-Bumas~us trentonensis Emmons (sp.). An entire individual with ten segments. Trenton 
Falls, New York. 

segments, the other agrees with Emmons' original in having but eight. The latter 

has been eroded in such a manner as to afford a complete longitudinal section of the 

specimen, which fully demonstrates that no segment has been lost and that this 

animal at this stage of development possessed no more than eight segments. An 

enrolled individual from the Black River limestone at Poland, N. Y., shows nine of 

these segments. 

Among the numerous examples of the species which have been received from 

localities in Minnesota and Illinois, enrolled individuals are common, while but a 

Fig. 33.-Bumastus trentonensis Emmons (sp.). An entire but disjointed individual, with nine 
segments. 

single extended example has been observed. This, from the Galena beds at Pleasant 

Grove, Minnesota, has nine segments; coiled specimens from the middle Trenton 

720 THE PALEONTOLOGY OF MINNESOTA. 
[Bumastus trentonensls. 

the smaller, now before us, the term Bumastus trentonensis, this process involving 

simply the interchange of the generic names originally applied to the species. 

The original of B. trentonensis was not described, but the wood cuts given of it 

show in both views only eight thoracic segments.· There is no evidence from these 

figures that any of the segments have been lost or forced beneath one or the other 

of the extremital shields. 
Mr. Billings' species Illcenus milleri (from various localities in the Trenton 

limestone about Ottawa, and also from the Black River limestone in the township 

of Hull, Canada) is inseparable from B. trentonensis. It was described as having 

nine thoracic segments; Mr. Walcott, however, in identifying 1. milleri in the Black 

River and Trenton limestone of New York and the Trenton of Platteville, Wisconsin 

(loc. cit.), suggests that one of the segments of the original was concealed, as his 

specimens showed ten segments. Before me are two entire individuals of this 

species from the Trenton limestone of Trenton Falls; one of them shows ten thoracic 

Fig. 32.-Bumas'us trentonensis Emmons (sp.). An entire individual with ten segments. Trenton 
Falls, New York. 

segments, the other agrees with Emmons' original in having but eight. The latter 

has been eroded in such a manner as to afford a complete longitudinal section of the 

specimen, which fully demonstrates that no segment has been lost and that this 

animal at this stage of development possessed no more than eight segments. An 

enrolled individual from the Black River limestone at Poland, N. Y., shows nine of 

these segments. 

Among the numerous examples of the species which have been received from 

localities in Minnesota and Illinois, enrolled individuals are common, while but a 

Fig. 33.-Bumastus trentonensis Emmons (sp.). An entire but disjointed individual, with nine 
segments. 

single extended example has been observed. This, from the Galena beds at Pleasant 

Grove, Minnesota, has nine segments; coiled specimens from the middle Trenton 

· -:l:;'t 
- 'i: 



TRILO BITES. 721 
Bumastlls trentonensis.l 

shales at St. Anthony Park and from Minneapolis have nine, and a single coiled 

example from the Galena shales at Stanton, Goodhue county, Minnesota, has but 

eight. These differences in degree of segmentation, unaccompanied by any palpable 

. distinction in other respects do not afford a basis of specific separation. They are 

- apparently only developmental conditions, not of the individual so much as of the 

specific type. 

Among all the western specimens examined there is no great difference in size. 

None are larger than the specimens from Trenton Fans bearing ten segments, and 

those from the Black River limestono with nine. The habit of the western specimens 

is somewhat smaller, though separated heads from Dixon, Illinois, attain the usual 

size of the New York examples. None of the specimens from Minnesota appear to 

have possessed ten segments, and this local variation is similar to that occurring 

among the Canadian examples. 

Such variations in the degree of segmentation are not, indeed, usual in the 

mature conditions of a species; they are, however, altogether in harmony with the 

laws of morphogeny, and deviations from the normal Trenton type with ten segments 

are to be interpreted as phylogenetically immature or senile phases of the specific 

type. Under the description of fllcenus milleri the detailed structure of this species 

has been clearly given by Billings. 

Fig. 34.-Front view of an enrolled individual 
of Bumastu8 trentonensis Emmons (sp.). x 2. 

Fig. 35.-Profile of the same specimen. 

A peculiar feature which B. trentonensis possesses in common with B. orbicaudatus 

is a pair of lunate depressions on a transverse line between the eyes. These are 

longitudinally elongate, each about half way between the eye and the axial line, and 

much more clearly apparent on the cast than on the outer surface. It seems 

probable that such cephalic cicatrices were areas of insertion of muscular bands 

attached to similar scars on the inner surface of the hypostoma. 
Normally there is no trace of ]ongitudinallobation on the cephalon or pygidium, 

and the axial furrows of the thorax are very obscure. Slight vertical compression, 

'however, serves occasionally to emphasize these features in the head and thorax, 

and also lessens the convexity of the former. 

Fm·mation and lccality.-Trenton limestone: Minncarolis and St. Paul, Minnesota; Dixon, Illinois; 
PlatteVille, Wisconsin. Galena shales: Pleasant Grove, Cannon Falls, Stanton and Kenyon, Minnesota. 
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BUMASTus ORBICAUDATUS Billings (sp.), 1859. 

Ill(llnus orbiccwdl},tllS BrLLING;;, 18'>9. Canad. Nat", vol. iv, p. 379. 
Itl(llntts orbicaudatlls BrLLINGS, 1866. Oat. Siluro ./foss. Anticosti, p. 27, fig. 10. 

There is a single cranidium from the Galena shales at Wykoff, Minnesota"(Dr. 

Robbins' colleetion), which appears to represent this species, described originally" 

from the Trenton or Hudson H.iver horizon at English Head and elsewhere, Anticosti. 

Fig. 36.-Bu1nrt8tUS o1'Z,iwudatus Billings. Galena shales, Kenyon. 

BUJnastus orbiCiludatus and n. trentonensis resemble each other III many respects, 

though specimens of the latter are of decidedly smaller size and greater convexity of 

cephalon. The Wykoff specimen measures 20 mm. in length, and 26 mm. in width 

across the base. Certain large, smooth, unsegmented pygidia from the Galena 

Rhales at Kenyon are probably parts of the same species. 

Genus BATHYURUS, Billings, 1859. 

BATHYURUS EXTANS Hall, (sp.), 11)47. 

Asaphusi exians HALL, 1847. Palreontology of New York, vol. i, p. 228, pI. 60, figs. 2a-c. 
Asaphus extans HALL, 1850. Third Ann. Report N. Y. State Oab. Nat. Hist., p. 174, pI. 3, figs. la-c. 
Bathyu1'U8 extans BILLINGS, 186:3. Geo!. Oanada, p. 153, fig. 114. 

cf. B. longispinu8 WALCOTT, 1876. Twenty-eighth Rept. N. Y. State Mus., p. 94. 

This species was founded on a pygidium from the Birdseye limestone, professor 

Hall's description of 1847 being supplemented by an account of the cephalon and a. 

portion of the thorax, in 1850. MI'. Billings proposed the genus Bathyurus in 1859 

(Canadian Naturalist, vol. iv, p. 364), taking this species as its type and giving, in 

1863, the first figure of the entire test. Mr. Walcott's B. longispinus, from the Black 

River limestone of Russia, N. Y., and the Trenton horizon at Platteville, Wisconsin, 

appears to me the same species. 

Fig. 37.-Portion of head of BathyuTuS txtuns Hall, Oannon Falls. 

Among the specimens loaned for my study by the late Mr. Scofield, is one of this 

species retaining most of the cephalon and an impression of part of the thorax and 

pygidiurn, from the lower Trenton or Birdseye horizon at Cannon Falls, Minnesota. 

It is the only example observed which may be safely referred to the species. 
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Fig'. :n.-Portion of head of Bathyurus cxtuns Hall, C<1nnon Falls. 

Among the specimens loaned for my study by the late Mr. Scofield, is one of this 

species retaining most of the cephalon and an impression of part of the thorax and 

pygidium, from the lower Trenton or Birdseye horizon at Cannon Falls, Minnesota. 

It is the only example observed which may be safely referred to the species. 
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BATHYURUS SPINIGER Hall, (sp.),1847. 

Acidaspis spiniger HALL, 1847. Palmontology New York, vol. i, p. 24, pl. 64, fig. G. 

With the aid of a series of specimens from High Bridge, Kentucky, and Dunleith, 

Illinois, it has been possible to complete in a measure our knowledge of this species. 

Th~ original was an imperfect cranidium showing a, closely tubercled, ovoid glabella 

slightly broadest anteriorly, and a wide occipital ring produced axially into a spine. 

Fig. 31l.-Cranidium of BathYU1'1t8 spinigcl' Hall. 

The specimens in hand have the same characters, and the following additional 

features may be indicated. In spite of the coarse and closely set tubercles, covering 

the upper surface of the glabella, two pairs of lateral grooves are discernible. Both 

are short, the first being transverse, the second directed backward. The glabellar 

lobes are all indistinct, the frontal lobe covering fully one-half of the glabella. The 

frontal border is narrow, bllt broader than in B. extons, concave about the glabella, 

and turned up at the edge. The palpebral lobes are moderately large, approximate 

and posterior. The occipital ring is tubercled and its central spine about one-third 

the length of the glabella. 

Associated with these cranidia, in both the localities mentioned, are pygidia, 

entire on the margin, and having the general form of B. extans, but more highly 

convex, the lateral slopes being quite abrupt. The axis extends to the narrow, 

gently concave margin where it ends abruptly. It bears three distinct annulations, 

with traces of a fourth and fifth. The first of these has a small median, spinous 

tubercle; on the second the tubercle is not so large; on the third it is again more 

con~picuous. Close behind this lies the base of a strong, erect or slightly recurved 

spine, and with it, in some of the specimens, the spinule on the third annulation is 

merged, There is also a row of small tubercles on each side of the axis. The pleurm 

bear four flat ribs, the first of which is grooved. 

Figs. 39, 40.-Pygidium of Bathyurus spiniger Hall; with outline profile showing the probable size 
of axial spine. 
. Formation and locality.-The original specimen of this species was said to be from" the central 
part of the Trenton limestone in the Mohawk valley, and in a similar position near Montreal." The 
horizon of the specimens from Dunleith, Ill., is essentially equivalent to this, though those from High 
Bridge, Kentucky, are said by Mr. Ulrich (by whom both have been loaned), to be from the upper part of 
the Birdseye beds. 
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BATHYURUS SCHUCHERTI n. sp. 

This new form is represented by a series of cranidiaand a single pygidium. 

Though I am reluetant to add to the imperfectly known representatives of this 

genus, these specimens present some distinctive differences from those before 

described. 

Fig. 41.-Craniclium of Bathyur1!s schucherti. 

The glabella is of rather large size, elongate subovoid, and gently convex, the 

dorsal furrows broad and shallow, the frontal border narrow, concave and upturned 

at the edge. The glabella bears the faintest trace of lobation, and its surface is 

smooth except for a fine granulation toward the posterior extremity. The basal 

edge of the glabella is straight and its slope to the occipital groove abrupt. Occipital 

ring broad, smooth and produced into a short median spine. 

Fig. 42.-Pygidium of Bathyul'us schucherti, partially rCE'tored. x 2. 

The pygidium accompanying and undoubtedly belonging to the same species is 

rather short, very broadly concave on the pleurlB, only the portions near the dorsal 

furrows being convex. Axis moderately convex, proportionally narrow, terminating 

abruptly at the concave margin. As far as preserved, it appears to be obscurely 

segmented on its anterior moiety. The pleurlB bear three broad ribs (beside the 

articulating rib), which are simple, separated by linear furrows extending over the 

concave area to the edge of the shield. Surface smooth. 

Horizon and locaWy.-Trentrm limestone: Minneapolis, Minnesota; collected by C. L. Herrick, 
(Museum No. 5084.) 

NOTE.-In the TwelrLh Annual Report of the Geological and Natural History Survey of Minnesota 
(1884), p. 8, Capt. A. W. Vogdes desnibec1, under the name Bathyurus stonemani, a pygidium said to have 
com(~ from the Trenton limestone at Minneapolis. Professor Winchell informs me that the data concern
ing the origin flf the sppcimen when it was placed in Capt. Vogdes' hands for description were not only 
vague but misleading, as it had heen found by a gentleman unused to careful distinctions in such matters. 
llpon re-examination, the pygicliurn proves to he that of a Pl'oetus, whose structure alone would indicate 
an early Denmian age, apart from it,s association in the small fragments of light brown limestone with 
,W At1'!lpa retiwlaris ,wc1 a Cyrt'ina. It appears to be unlike other known Devonian species of .the genus 
anel will hence retain its speciflc name as Proetu8 stonemani. The rock is presumably a fragment from 
t,he northwestern drift llieke(l up in the vicinity of Minneapolis. 
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Family BRONTEIDjE. 

Genus BRONTE US, Goldfuss, 1839 (em. 1843), 

BRONTEPS LUNATUt; Billings, It)54. 

Bronteus lunatus BILLINGS, 1855. Geol. Surv. Canada, Rept. Progress, p. :3:Jt'. 
Bronteus lunatus BILLINGS, 1853. Geology 01' Canada, p. 18S, fig. 187. 

Bronteus lunatus is the earliest representative of the genus known in America, 

and the only species yet described from the lower Silurian rocks of this country, 

The characters of the species were given at length by Billings, his originals coming 

from the Trenton limestone of Ottawa where, as said by him, it is not of infrequent 

occurrence. In the Geology of Canada (op. cit.) an excellent wood-cut of an entire 

individual was given. 

The specimens from Minnesota, while all more or less incomplete, agree 

throughout with the Canadian species and we have therefore introduced Billing,,' 

Fig, 4;~.-Bl·ontells lunat'U~, after Billings. 

figure as more satisfactory to the student than any which might be derived from 

the material before us. The latter consists of a somewhat broken individual having 

the parts together from the Trenton limestone near Spring Valley, Minnesota (No. 

4071 of the Museum collection), a cranidium from the Galena limestone at Wykoff 

(Mr. Ulrich's collection), and a fine external impression of a pygic1ium from the same 

locality (Dr. Robbins' collection). 
Throughout the species of Brvnte~ts there is a certain homogeneity in structure 

which renders the generic group more compact and sharply delimited than is usual 

among the trilobites. But few suggestions of a division of the genus have been 

made and only one of the proposed subordinate generic terms has met with even a, 

partial acceptance. This is Thysanopeltis, one of Corda's terms, designed to include 

species with marginal spines on the pygidium, and which has demonstrated its title 

to recognition, since the group has proven to possess a quite definite stratigraphical 

value as a structural variation prevailing in Hercynian faunas. 

In B. lunatus the various parts were not involved in the development of any 

unusual characters. The species possess a short axis on the pygidium, which shows 
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Family BRONTEln-,a1~. 

Genus BRONrrEUS, Goldfuss, 1839 (em. 1843), 

BRoNTElls LUNATU~ Billings, 1,':;54. 

Bronteus lunatus BILLINGS, 1855. Geol. Surv. Canada, Rept. Progress, p. :3:;t:. 
Bronteus lunatus BILLINGS, 1853. Geology 01' Canada, p. 1i:1S, fig. 187. 

Bronteus lunatus is the earliest representative of the genus known in Americ<L, 

and the only species yet described from the lower Silurian rocks of this country. 

The characters of the species were given at length by Billings, his originals coming 

from the Trenton limestone of Ottawa where, as said by him, it is not of infrequent 

occurrence. In the Geology of Canada (op. cit.) an excellent wood-cut of an entire 

individual was given. 

The specimens from Minnesota, while all more or less incomplete, agree 

throughout with the Canadian species and we have therefore introduced Billing:-,' 

Fig. 4:1.-B1·onteus lunatu~, after Billings. 

figure as more satisfactory to the student than any which might be derived from 

the material before us. The latter consists of a somewhat broken individual having 

the parts together from the Trenton limestone near Spring Valley, Minnesota (No. 

4071 of the Museum collection), a cranidium from the Galena limestone at Wykoff 

(Mr. Ulrich's collection), and a fine external impression of a pygidium from the ::;ame 

locality (Dr. Robbins' collection). 
Throughout the species of Brvntezts there is a certain homogeneity in structure 

which renders the generic group more compact and sb,Lrply delimited than is usual 

among the trilobites. But few suggestions of a division of the genus have been 

made and only one of the proposed subordinate generic terms has met with even a 

partial acceptance. This is Thysanopeltis, one of Corda's terms, designed to include 

species with marginal spines on the pygidium, and whieh has demonstrated it::; title 

to recognition, since the group has proven to possess a quite definite stratigraphical 

value as a structural variation prevailing in Hercynian faunas. 

In B. lunatus the various parts were not involved in the development of any 

unusual characters. The species possess a short axis on the pygidium, which shows 
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a distinct trace of a single annulation, but none of any vertical lobation, such as 

that characterizing most of the upper Silurian species. The median rib of the 

pygidium is bifurcated toward its extremity. Corda* attempted a division 01 the 

Brontei on the basis of the simplicity or duplication of this rib, proposing for such 

species as show a bifurcation the name Dicranactis, and for those in which it is 

simple, HoloJneris. It has, however, become evident that the duplicatio~ of this rib 

is a feature of minor significance, probably marking a degree of development in 

the individual, and varying in definition even in apparently full grown animals. 

Barrande observed-;- that a division of the species of Bronteus might be based upon 

the number of ribs on the pygidium, which are either six, seven or eight on each 

side of the median rib. By far the greater number of species possess seven ribs. 

Bronteus lunatus, in the possession of but six such ribs, is brought at once into com

parison with the only other forms known to have that number, viz., B. laticauda 

Wahlenbel'g, from the lower Silurian of Sweden, and B. hibernicus Portlock, from an 

equivalent horizon in Ireland (Caradoc-Bala). These two, with B. lunatus, are the 

only known lower Silurian members of the genus, all from equivalent faunas, and 

all possessing the same degree of variation from the type of the genus, and, it may 

be added, showing in this respect an adolescent condition of development,with 

reference to the more highly annulated normal Bronteus. 

For-mation and locality.-Trenton limestone, near Spring Valley; Galena limestone, Wykoff. 

Family PHACOPIDJE. 

Genus DALMANITES, (Emmrich,) Barrande, 1872. 

DALMANITES AeRATES Billings, 1860. 

Dalmanites achates BILLINGS, 1860. Canad. Nat., vol. v, p. 63, fig. 9. 
Dalmanites achate., BILLINGS, 1863. G"ology of Canada, p. 187, fig. 186. 

A single fragment of the very characteristic pygidium of this species has been. 

observed from the Galena beds at Wykoff, Minn. (Collection of Mr. Scofield). Mr.' 

Billings' original specimen was from the Trenton limestone of the city of Ottawa, 

and he speaks of it as being of rare occurrence, though at Trenton Palls, N. Y., it is 
not uncommon. In Mr. Ulrich's collection are a number of heads and tails from a soft 

calcareous shale of the Hudson River group at Cincinnati. These have the charac

teristic broad curve of the frontal margin of the head, carried to an extreme, and 

the anterior lobe of the glabella correspondingly broad and shod, giving the 

cephalon as a whole a much shorter and more quadrate appearance than the New 
*Prodrom eiucr l\IollograpLie der lJijhrnischen. 'l'rilobiten, pp. 58, 59.1847. 
'l'Syst"we Sililrien, voL i, p. 840. 
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is a feature of minor significance, probably marking a degree of development in 

the individual, and varying in definition even in apparently full grown animals. 

Barrande observed-;- that a division of the species of Bronteus might be based upon 

the number of ribs on the pygidium, which are either six, seven or eight on each 

side of the median rib. By far the greater number of species possess seven ribs. 

Brontens lunatus, in the possession of but six such ribs, is brought at once into com

parison with the only other forms known to have that number, viz., B. l(diwuda 
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all possessing the same degree of variation from the type of the genus, and, it may 

be added, showing in this respect an adolescent condition of development, with 

reference to the more highly annulated normal Bronteus. 
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Dalmanites achate., BrLLINGS, 1863. G"ology of Canada, p. 187, fig. 186. 

A single fragment of the very characteristic pygidium of this species has been. 

observed from the Galena beds at Wykoff, Minn. (Collection of Mr. Scofield). Mr.' 

Billings' original specimen was from the Trenton limestone of the city of Ottawa, 

and he speaks of it as being of rare occurrence, though at Trenton Falls, N. Y., it is 

not uncommon. In Mr. Ulrich's collection are a number of heads and tails from a soft 

calcareous shale of the Hudson River group at Cincinnati. These have the charac

teristic broad curve of the frontal margin of the head, carried to an extreme, and 

the anterior lobe of the glabella correspondingly broad and short, giving the 

cephalon as a whole a much shorter and more quadrate appearance than the New 
"Pro<lrolH eiDer Muongrapbie del' lJiihmischen Trilobiten, pp. 58, 59. 1~47. 
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- 'PterygometejlUs intermedIus.) 
TRILOBITES. 727 

York forms. To indicate to the student and collector the structure of the entire 

a.nimal I introduce a figure drawn from one of the New York specimens. 

Fig. 44.-0utline of D(~lmanites achatcs Billings. TrcnL()[j Fa]J~, N. Y. 

Subgenus PTERYGOMETOPUS, Schmidt, 1881. 

PTERYGOMETOPUS INTERMEDIUS Walcott, (sp.) 1877. 

Dalrnanites inte1'11tcdius WALCOTT. 1877. Ad v. Shects Thirty-first Rept. N. Y. f:it.ate Mus. Nat. 
Rist., p.16. 

Dalmanites intermedius WALCOTT, 1870. Thirty-first Rept. N. Y. State Mus. Nat. Rist., p. 69. 

Mr. Walcott's species has not heretofore been figured, but after careful compar

ison with the description, and with the aid of the original specimen, I have little 

hesitation in referring to it the commonest of the species of Pterygmnetopu8 occurring 

in the Silurian rocks of Minnesota. Without entering into. a detailed description of 

this form, which has been given by Walcott, some of its differential features may 

be emphasized. 

The outline of the cephal on is rendered subtriangular by a slight anterior 

projection of the margin. The facial sutures also make a slightly salient angle at 

this point, and frequently here the surface of the glabella is impressed or casually 

forced down. The anterior limbs of the suture cut off or traverse the lateral angles 

of the frontal lobe, as in all species of Pterygometopus)' the posterior extension of 

these sutures over the cheeks js marked by an elevated line. The eyes are relatively 

small, their anterior angles not reaching the first glabellar furrows, while their 

posterior angles are distant from the occipital furrow. The glabella is characterized 

by the slight anterior or outward convexity of the first lateral furrows, the graceful 

rotundity of all the lobes and the decidedly depressed, though slightly convex 

med~an region between the first.and second pairs of lateral lobes. '~On account of 

this depression the lobes are quite isolated and not confluent with the middle of the 

'glabella. The second furrows are linear, deep only at their proximal extremities, 

'but distinctly continued to the dorsal furrows. The third or occipital lobes are small 
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York forms. To indicate to the student and collector the structure of tile entire 

animal I introduce a figure drawn from one of the New York specimens. 

Fig. 44.-0utline uf Dalmanites ((('hatcs Billings. TrenLu[J Falls, N. Y. 

Subgenus PTERYGOMETOPUS, Schmidt, 1801. 

PTERYGOMETOPUS INTERMEDIUS vValcott, (sp.) 1877. 

Dalinanites intel'mcdius WALCOTT, 1877. Ad v. Sheets Thirty-tirst RepL. N. Y. State Mus. Nat. 
Hist., p. 16. 

Dalrnanites intermedius WALCOTT, 187(). Thirty-tirst Rept. N. Y. State Mus. Nat. Rht., p. 69. 

Mr. Walcott's species has not heretofore been figured, but after careful compar

ison with the description, and with the aid of the original specimen, I have little 

hesitation in referring to it the commonest of the species of Pterygomctopus occurring 

in the Silurian rocks of Minnesota. Without entering into a detailed description of 

this form, which has been given by Walcott, some of its differential features may 

be emphasized. 

The outline of the cephalon is rendered subtriangular by a slight anterior 

projection of the margin. The facial sutures also make a slightly salient angle at 

this point, and frequently here the surface of the glabella is impressed or casually 

forced down. The anterior limbs of the suture cut off or traverse the lateral angles 

of the frontal lobe, as in all species of Pterygornetopus; the posterior extension of 

these sutures over the cheeks is marked by an elevated line. The eyes are relatively 

small, their anterior angles not reaching the first glabellar furrows, while their 

posterior angles are distant from the occipital furrow. The glabella is characterized 

by the slight anterior or outward convexity of the first lateral furrows, the graceful 

rotundity of all the lobes and the decidedly depressed, though slightly convex 

median region between the first.and second pairs of lateral lobes. -cOn account of 

this depression the lobes are quite isolated and not confluent with the middle of the 

glabella. The second furrows are linear, deep only at their proximal extremities, 

but distinctly continued to the dorsal furrows. The third or occipital lobes are small 
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but clearly defined, not confluent with the second lobes at their outer margin. The 

occipital ring is moderately broad, considerably elevated and without evidence of 

spine or central tubercle. At the angles of the cheeks are short, sharp spines, not 

extending beyond the second thoracic segment. The lateral margins of the cheeks 

are bordered by a thickened rim. 

Fig. 45.-Ptel·ygt)ln~topus in
termedius Walcutt. Cephalic view 
of an enrolled individual. x 2. 

Fig. 46.-Profile of the same. Fig. 47.-l'ygidium of another 
individual. x 2. . 

Although the thorax is preserved in several very neat, enrolled specimens, there 

is nothing of diagnostic value to add to the description already given. It tapers 

more rapidly than is usual in the later dalmanitids, but by no means as much so as 

in Dalmanites achates Billings. 

The pygidium is eminently triangular in marginal outline, the sides making a 

sharp posterior angle, which, when the animal is enrolled, projects conspicuously 

beyond the anterior margin of the head. This is, however, not a spine. The latera,l 

slopes of the pygidium are decidedly abrupt, especially toward the posterior 

extremity. Our specimens agree with those described by Mr. Walcott, in having 

from 10 to 14 (when clearly retained) annulations on the axis, and 8, with some

times traces of 2 more, ribs on the pleuriB. The first three or four of the latter are 

usually faintly sulcate. The surface of the glahella is very sparsely tubercled; usually 

only traces can be seen, and hence the generally smooth aspect of the head. 

Formation and localily.-Lower Trenton (Black River horizon): Chatfield; Trenton: Lake Street 
Bridge, St. Pa ul; Minneapolis; Galena: Wykoff, Minnesota. 

PTERYGOMETOPUS EBORACEUS, n. Sp. 

This is aNew York form, closely allied to the foregoing species, though 

differing from it in some interesting structural details. The glabella is of the same 

Fig. 4S.-Ptcrygometopus eboraceus. 

general form in both; but here the median portion between the first and second 

lobes is decidedly convex and scarcely depressed. Th~ first? second and third lateral 
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occipital ring is moderately broad, considerably elevated and without evidence of 

spine or central tubercle. At the angles of the cheeks are short, sharp spines, not 

extending beyond the second thoracic segment. The lateral margins of the cheeks 

are bordered by a thickened rim. 
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Fig. 46.-Profile of the same. Fig. 47.-l'ygidium of another 
individual. x 2. 

Although the thorax is preserved in several very neat, enrolled specimens, there 

is nothing of diagnostic value to add to the description already given. It tapers 

more rapidly than is usual in the later dalmanitids, but by no means as much so as 

in Dalmanites achates Billings. 

The pygidium is eminently triangular in marginal outline, the sides making a 

sharp posterior angle, which, when the animal is enrolled, projects conspicuously 

beyond the anterior margin of the head. This is, however, not a spine. The latera,l 

slopes of the pygidium are decidedly abrupt, especially toward the posterior 

extremity. Our specimens agree with those described by Mr. Walcott, in having 

from 10 to 14 (when clearly retained) annulations on the axis, and 8, with some

times traces of 2 more, ribs on the pleune. The first three or four of the latter are 

usually faintly sulcate. The surface of the gl ahella is very sparsely tubercled; usually 

only traces can be seen, and hence the generally smooth aspect of the head. 

Formation and localiiy.-Lower Trenton (Black River horizon): Chatfield; Trenton: Lake Street 
Bridge, St. Paul; lIIinneapolis; Galena: Wykoff, Minnesota. 

PTERYGOMETOPUS EBORACEUS, n. sp. 

This is aNew York form, closely allied to the foregoing species, though 

differing from it in some interesting structural details. The glabella is of the same 

Fig. 48.-Ptcrygometopus eboraceus. 

general form in both; but here the median portion between the first and second 

lobes is decidedly convex and scarcely depressed, ThE;) first, second and third lateral 
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lobes have the same relative size as in P. intermediusj but the separating furrows 

are very short, deeply incised at their inner extremities, while the lobes themselves 

are all confluent along the dorsal furrows. 

A single step further in the obliteration of the second lateral furrows, causing 

the first and second lobes to become wholly confluent, would produce that condition 

of the glabella which Schmidt has regarded of subgeneric value, proposing for 

species of this structure the name Monorakos* (Monorachus emend.). With the 

evidence of close specific relationship between P. eboraceus and P. intermedius, it 

would be inadmissable to employ this term here, though the former may be regarded 

as a stepping stone from the typical Pterygometo]Jus to that condition of extreme 

coalescence of the glabellar lobes exemplified by Monorachus, 

Fig. 49.-Cephalon of Pterygometopus eboraceus, from the same 'ipedlllen; sumewhat restured. A 2. 

The occipital ring of P. eboraceus is broader than in P. intermedius and bears a 

conspicuous tubercle at its center. Genal spines are also present. The surface of 

the glabella is generally tubercled, and on the free cheeks there are faint, ramifying, 

minutely punctated grooves. The general form of the thorax is somewhat less 

tapering than'in P.intermedi·us. 

The pygidium is scarcely triangular, the lateral slopes gentle. The axis bears 

about tenannulations, and the pleurffi eight ribs which are quite flat, separated by 

very narrow furrows, the first of which is shorter than the rest, becoming obsolete 

at a considerable distance from the margin; six of the ribs bear fine, oblique linear 

sulci. 

Formation and locality.-Trenton lirne:-;tune, RawlinH Mills, N. Y. 

PTERYGOMETOPUS SCHMIDTI, n. sp. 

'rhis name is proposed for a species whose features are ctltogether characteristic, 

though no single example has been observed which retains all the parts. Most of 

the specimens are heads and tails, and the best of them a cephalon with nine 

~horacic segments. As the characters of the more common species of the Minnesota 

rocks, P. intermedius, have been described, it will be sufficient to point out the 

differential characters of P. schmidti, which does not vary from the former in general 

size. 
'Ueber eini"6 neue ostsibirische TriloiJitcn und verwaudte 'l'iJierfOl'lllell; Bull. de L,cad. ilUjJcr. des Sciences de St. 

:Pete~sb".p. 4l5, lSB6('I'ype; PhMopslopatini, Schmidt, pI. xii, figs. 6-9). 
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lobes have the same relative size as in P. intermedius; but the separating furrows 

are very short, deeply incised at their inner extremities, while the lobes themselves 

are all confluent along the dorsal furrows. 

A single step further in the obliteration of the second lateral furrows, causing 

the first and second lobes to become wholly confluent, would produce that condition 

of the glabella which Schmidt has regarded of subgeneric value, proposing for 

species of this structure the name Monora1cos* (Monorrtchus emend.). With the 

evidence of close specific relationship between P. eboraceus and P. intermedius, it 

would be inadmissable to employ this term here, though the former may be regarded 

as a stepping stone from the typical Pterygometo]Jus to that condition of extreme 

coalescence of the glabellar lobes exemplified by Monorachus, 

Fig. 4D.-Cephaloo of Pte1ygometopus eboraceus, from the same >illedlUen; sumewhat restured. /2. 

The occipital ring of P. eboraceus is broader than in P. intermedius and bears a 

conspicuous tubercle at its center. Genal spines are also present. The surface of 

the glabella is generally tubercled, and on the free cheeks there are faint, ramifying, 

minutely punctated grooves. The general form of the thorax is somewhat leils 

tapering than in P.intermedius. 

The pygidium is scarcely triangular, the lateral slopes gentle. The axis bears 

about ten annulations, and the pleurffi eight ribs which are quite flat, separated by 

very narrow furrows, the first of which is shorter than the rest, becoming obsolete 

at a considerable distance from the margin; six of the ribs bear fine, oblique linear 

sulci. 

Formation and locality.-Trentun limestune, RawlioH Mills, N. Y. 

PTERYGOMETOPUS SCHMIDTI, n. sp. 

'fhis name is proposed for a species whose features are ttltogether characteristic, 

though no single example has been observed which retains all the parts. Most of 

the specimens are heads and tails, and the best of them a cephalon with nine 

~horacic segments. As the characters of the more common species of the Minnesota 

rocks, P. intermedius, have been described, it will be sufficient to point out the 

differential characters of P. schmidti, which does not vary from the former in general 

size. 
'Ueber einige neue ostsibirische Trilo\)itcll llnd verwaudte 'l'\)iel'fOl'lllell; Bllll. de !'<,call. ilU}JCl'. des Seiences de St. 

Petersb" p. ~l5, l886 ('l'ype; PhMop8wpatini, SChmidt, pI. xii, figs. 6-9). 
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The cephalon is short, but pointed at the anterior extremity and bears a 

depression at the meeting of the facial sutures, as in P. intermedius. Cheeks quite 

narrow and the angles produced into very short, round spinules. Glabella likewise 

Fig-. 50.-Ccphalun uf Ptcrygo'lnctopus schmidti. 

short, the frontal lobe covering more than one-half its length. It is, however, 

proportionally wide anteriorly, the dorsal furrows approaching rapidly so that the 

glabella at its base is but one-third its width in front of the eyes. The first lobes 

are narrow, transversely triangular, their general direction being obliquely forward 

toward their distal extremities. The second lobes are quite small, transverse and 

subrectangular, directed obliquely backward; the third lobes are two very obscure 

tubercles. The general surface of the glabella is regularly convex, there being no 

llepressed area between the inner extremities of the first and second lobes. None 

of the lobes are confluent. The first glabellar furrows are transverse and concave 

anteriorly, while in P. intermedius they are convex. All these glabellar lobes are 

clearly defined and show no tendency to obsolescence. Occipital groove narrow, 

occipital ring also relatively narrow and not greatly elevated. Eyes proportionally 

very large, extending from the first glabellar furrows to the occipital ring. The size 

of these organs renders both the fixed and free cheeks remarkably small. Between 

the base of the eyes and the lateral margins is a broad, smooth, thickened but not 

elevated area. The entire surface of the glabella, the palpebral lobes anQ. a small 

triangular area at the base of the eyes between the occipital ring and the border, is 

coarsely and abundantly tubercled. More scattered and finer tubercles are seen on 

the marginal border. 

The thoracic segments show no differentials of importance'. Their extremities 

are obtusely rounded as in Ph((cops. 

The pygidia associated with these heads are similar to that of P. callicephalus of 

the Trenton limestone of New York, having a rounded subtriangular outline, narrow, 

very gradually tapering axis and broad, evenly convex pleurm. There is, however, 

a difference in the segmentation of the parts, the axis having 8-10 annulations 

which make a double sigmoid curve, and the pleurm having 5-6 ribs, which are. 

simple for about one-fourth of their length and then bifurcate. N one of the ribs 

are continued to the margin which is broad and smooth. In sharp internal.casts there 

,ue but four duplicate ribs, the posterior division of each disappearing toward the 

margin much sooner than the anterior. Behind these may be seen the trace of 

:\ 
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short, the frontal lobe covering more than one-half its length. It is, however, 

proportionally wide anteriorly, the dorsal furrows approaching rapidly so that the 

glabella, at its base is but one-third its width in front of the eyes. The first lobes 

are narrow, transversely triangular, their general direction being obliquely forward 

toward their distal extremities. The second lobes are quite small, transverse and 

wbrectangular, directed obliquely backward; the third lobes aOre two very obscure 

tubercles. The general surface of the glabella is regularly convex, there being no 

llepressed area between the inner extremities of the first and second lobes. None 

of the lobes are confluent. The first glabellar furrows are transverse and concave 

anteriorly, while in P. intermedius they are convex. All these glabellar lobes are 

clearly defined and show no tendency to obsolescence. Occipital groove narrow, 

occipital riDg also relatively narrow and not greatly elevated. Eyes proportionally 

very large, extending from the first glabellar furrows to the occipital ring. The size 

of these organs renders both the fixed and free cheeks remarkably small. Between 

the base of the eyes and the lateral margins is a broad, smooth, thickened but not 

elevated area. The entire surface of the glabella, the palpebral lobes an~ a small 

triangular area at the base of the eyes between the occipital ring and the border, is 

coarsely and abundantly tubercled. More scattered and finer tubercles are seen on 

the marginal border. 

The thoracic segments show no differentials of importance'. Their extremities 

are obtusely rounded as in Ph{(cops. 

The pygidia associated with these heads are similar to that of P. callicephalus of 

the Trenton limestone of New York, having a rounded subtriangular outline, narrow, 

very gradually tapering axis and broad, evenly convex pleunB. There is, however, 

a difference in the segmentation of the parts, the axis having 8-10 annulations 

which make a double sigmoid curve, and the pleur<B having 5-6 ribs, which are. 

simple for about one-fourth of their length and then bifurcate. None of the ribs 

are continued to the margin which is broad and smooth. In sharp internal.casts there 

are but four duplicate ribs, the posterior division of each disappearing toward the 

margin much sooner than the anterior. Behind these may be seen the trace of 

~ 
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th~ee or 'even . four simple obscure ribs. The extremity of the aXIS, which is 

considerably removed from the termination of the shield, is also seen to he faintly 

bilobed. 

The association of these pygidia with the form of cephalon described is to some 

degree a matter of presumption, though their intimate concurrence in the same 

rocks and other accessory evidence, favors it. It gives me pleasure to dedicate thi::; 

species to my esteemed friend, Prof. Fr. Schmidt, the founder of the genu::; 

Pterygometopus. 

Formation and locaZity.-Trenton lilllestone, Minneapolis (JIilUS(~Ufll Nu. 50,"!); Gakna huriwn: Kun
yon (Museum No. 6768), Wykoff (Collection of Dr. Hubbins); Galena shales: Cannun Fall", Minn. 

PTERYGOMETOPU::; CALLICEPHALUS Hull (sp.) 

Phacops calhcephalus HALL, 1841. Palmontolugy of New York, vol. i, p. 247, pl. LXV, fig-s, :Jct-i. 

The original illustrations of this species are of themselves insufficient to deter

mine its differential characters. An examination of the type ::;pecimens in the 

American Museum of Natural History, which have been kindly placed in my hands 

by ProCR. P. Whitfield, has shown that in structure of cephalon and pygidium, P. 

callicephalus differs from the form which we have described at length as P. schmidti, 

mainly in the absence of genal spines on the former_ 

Between the typical specimens referred to and separated heads and tails from 

Kenyon, Fountain and, Cannon Falls, Minnesota, and Mercer county, Kentucky, the 

Fig. 51.-Cephalon of Pferygometopus callicephalus Hall. 

following points of agreement are evident. The cephalon has a short triangular 

anterior projection; genal angles broad, round and thick, without indication of 

spinules; eyes large, reaching to the occipital groove; basal glabellar lobes small and 

altogether independent; cheeks punctated beneath the eyes; surface of glabella 

. Fig. 52.-Pygidium of Pterygometopus callicephalus Hall. < 2. 

coarsely tubercled. The axis of the pygidium has incul'ved margins and sinuous 

annulations; of the latter there are from 8 to 10; on the pleural there are 5 duplicate 

ribs, with trace of a sixth. 
Formation and locality.-Galena horizon: Kenyon, Fountain, Cannon Falls, Minn. According to 

1\lcr.Ulrich's determination the horizon of the fossil in Mercer county, Kentucky, is Upper Trenton. 

,.' 
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th~ee or even . four simple obscure ribs. The extremity of the <LXIS, which is 

considerably removed from the termination of the shield, is also seen to he faintly 

bilobed. 

The association of these pygidia with the form of cephalon described is to some 

degree a matter of presumption, though their intimate concurrence in the same 

rocks and other accessory evidence, favors it. It gives me pleasure to dedicate this 

species to my esteemed friend, Prof. Fr. Schmidt, the founder of the genus 

Pterygometopus. 

Formation and locality.-Trenton lillle~tone, Minneapolis (M\ls(~ulll Nu. 50,''1); Ciakna Imriwn: K(!n
yon (Museum No. 6768), Wykoff (Collection of Dr. Hubbins); Galena shales: Cannun Fall", Minn. 

PTERYGOMETOPUB 'CALLICEPHALUS Holl (sp.) 

Phacops calltcephalus HALL, 1841. Palmontolugy of New Yurk, vul. i, l1. 247, pI. LXV, fig-s, ::la-i. 

The original illustrations of this species are of themsel ves insufficient to deter

mine its differential characters. An examination of the type 8pecimens in the 

American Museum of Natural History, which have been kindly placed in my hands 

by ProCR. P. Whitfield, has shown that in structure of cephalon and pygidium, P. 

ccillicephalus differs from the form which we have described at length as P. schJ1'tidti, 

mainly in the absence of genal spines on the formeL 

Between the typical specimens referred to and separated heads and tails from 

Kenyon, Fountain and'Cannon Falls, Minnesota, and Mercer county, Kentucky, the 

Fig. 5l.-Cephalon of Pterygometopus callicephalus Hall. 

following points of agreement are evident. The cephalon has a short triangular 

anterior projection; genal angles broad, round and thick, without indication of 

spinules; eyes large, reaching to the occipital groove; basal glabellar lobes small and 

altogether independent; cheeks punctated beneath the eyes; surface of glabella 

. Fig. 52.-Pygidium of Pterygometopus callicephalus Hall. .~ 2. 

coarsely tubercled. The axis of the pygidium has incurved margins and sinuous 

annulations; of the latter there are from 8 to 10; on the pleurffi there are 5 duplicate 

ribs, with trace of a sixth. 
Formation and locality_-Galena horizon: Kenyon, Fountain, Cannon Falls, Minn. According tu 

Mr. :Ulrich's determination the horizon of the fossil in Mercer county, Kentucky, is Upper Trenton. 
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OBSERVATIONS ON THE AMERICAN LOWER SILURIAN PHACOPIDlE. 

A sufficient number of species of the Phacopidffi has now been described from 

the Lower Silurian of the United States and Canada, to render the discrimination 

between the specific forms a matter of some nicety. Of these species, some are yet 

known only from dismembered parts or isolated heads, but of them all the greater 

number conform to the Pterygometopus type of stru~ture, in the high marginal 

termination of the posterior limbs of the facial suture, the transection of the lateral 

expansions of the frontal glabellar lobe by the anterior limbs of the suture, and the 

usually rounded pygidium without caudal spine. 

The more typical or normal of these species are P.interrnedius, P. schmidti and 

P. callicephalus. Of the other Phacopidffi known from these rocks, Dalrnanites achates 

Billings, D. bebryx Billings, D. carleyi Meek, D. breviceps Hall, Chasrnops troosti Saf

ford and Vogdes, and P. eboraceus Clarke, all show transitional characters in one 

direction or another. Thus we have noticed the difficulty of making a specific 

distinction between Pterygometopusinter'1nedius and P. ebomceus, except in so far as 

the latter, by the incipient coalescence of the first and secon~ glabellar lobes along 

the dorsal furrows, manifests an inclination toward Monorachus, a subgeneric group 

differing from Pterygometoplts only in the extreme to which this tendency to coales

cence is carried. DCtlmanites bebryx and Chasmops troosti'" are species of the same 

character. It would on many accounts be convenient to apply to this developmental 

(in a phyletic sense) stadium of the early phacopidean type, the term introduced by 

Schmidt, Monoraclms, but such a designation would fall E~lort of its purpose unless 

accompanied by an equivalent term to. designate the same phase of development in 

those early Devonian species which follow the appearance of typical Dalrnanites, 

namely, such species as those to which the name Chasmop::; was applied in the 

Palceontology of New York, volume vii, e. g., D. anchiops Green, of the Schoharie 
grit. 

The first appearance in the lower Silurian of this phase of partial coalescence 

of the first and second lobes was simple; its re-appearance in the Devonian was 

complicated with a variety of ornamental modifications, occurring at a period when 

the trilobites generally were garnished with all sorts of dermal extravagances. 
*This speeies is deseribed (Pl'Oe. Acad. Nat. Sci .. Phila.: p. 167, fig. 3) as" not in a condition to record the minor details 

or the lle:cd." The fi.e!;ure, however, shows the third and a part of a large second lobe, sufficient to demonstrate that it is n()t 
a I;}w.<in<!l'·'; while theknowli stl'uctul'e of tile species in ot.her respects evinces a close approach to D. berJryx J3illings. Chas
//IOJis Iru)).,ti, rl18u"iutled by Dall'ord in 18tiU, but fir'st deocrilJed and figured hy Safford and Vo6 des in 1889, is from the Trenton 
llOflZon at alld neal' Murfreesl)(~r(), Tennessee. 
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Billings, D. bebryx Billings, D. carleyi Meek, D. breviceps Hall, Chasmops troosti Saf

ford and Vogdes, and P. eboraceus Clarke, all show transitional characters in one 

direction or another. Thus we have noticed the difficulty of making a specific 

distinction between Pterygometopusinterrnedius and P. eboraceus, except in so far as 

the latter, by the incipient coalescence of the first and second glabellar lobes along 

the dorsal furrows, manifests an inclination toward Monorachus, a subgeneric group 

differing from Pterygometoplts only in the extreme to which this tendency to coales

cence is carried. DCtlmanites bebryx and Chasmops troosti'" are species of the same 

character. It would on many accounts be convenient to apply to this developmental 

(in a phyletic sense) stadium of the early phacopidean type, the term introduced by 

Schmidt, Monorachus, but such a designation would fall E~lOrt of its purpose unless 

accompanied by an equivalent term to designate the same phase of development in 

those early Devonian species which follow the appearance of typical Dalmanites, 

namely, such species as those to which the name Chasmop::; was applied in the 

Palffiontology of New York, volume vii, e. g., D. anchiops Green, of the Schoharie 
grit. 

The first appearance in the lower Silurian of this phase of partial coalescence 

of the first and second lobes was simple; its re-appearance in the Devonian was 

complicated with a variety of ornamental modifications, occurring at a period when 

the trilobites generally were garnished with all sorts of dermal extravagances. 
*This species is c1eseI'ilJed (PI'O", Acad. Nat, Sci .. Pilila,: p, 167, fig. 3) as" not in a condition to record the minor details 

or the lle:cl1," The fi."u1'c, however, shows the third and a part of a large second lobe, sufficient to demonstrate that it is not 
a !JIL(/.'I""1 "'; while thei'1l0Wll structure of the species in ot.her respects evinces a close approach to D. bdJryx flillinp;s. Chas-
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Several convenient subgeneric names have been applied to these later forms, such as 

Odontocephalus, where the frontal limb of the cephalon bears a row of incisor-like 

processes; Corycephalus, in which similar processes extend to the genal angles; 

Ooronura, where the pygidium has an echinate margin and its posterior extremity 

is erected into a semicircular collar. These names are taxonomically subordinate 

in the third degree to the term Dalmanites/ that is to say, we conceive that they 

all, with the inclusion of those Devonian species referred to above as "Chasmops" 

(forming a homotaxic group) are subsidiary to a di vision whose diagnostic feature 

is the more or less complete coalescence of the first and second lateral glabellar 

lobes, and for such a subgeneric di vision a designation is needed (e. g., 8ynphoria). 

The typical expression and phyletic normal of Dalmanites is represented by a 

series of upper Silurian and earliest Devonian forms, in which the glabellar lobation 

is perfect and the pygidium caudate. An excellent example is the D. limulurus 

Green, of the Niagara group. This type is foreshadowed in the lower Silurian by 

D. achates Billings, of the Trenton limestone, and perhaps by D. carleyi Meek, of the 

Hudson River group. DalJnanites achates still maintains the facial suture of Ptery

gometopus, with the complete glabellar lobation, anterior width of glabella and 

acuminate pygidium of typical Dalmanites. 

The acmic or mature type of Dalmanites becomes simply ornamented by 

rostrate processes on the cephal on, both in the later (Waldron) Niagara (D. bicornis 

Hall), and in the Lower Helderberg (D. nasutus Conrad, D. tridens Hall), or may 

have short triangular spines extending partially or entirely about the margin of the 

cephalon (D. dentatus Barrett, D. dolphi Clarke). With the close of the Lower Heder

berg the type seems to have abruptly disappeared, but it reappeared in the Hamilton 

fauna devoid of other dermal ornament than the broad, flat marginal extensions of 

the pygidium, Cryphceus. This is the last of the race in American faunas. 

These appearances are, I apprehend, to be interpreted and summarized as 

follows: The lobal coalesence of the early Silurian species, D. bebryx, Ch. troosti, P. 

eboraceus, is indicative of immature or epacmic development. The relation of 

Monorachus to these forms was close and probably ancestral. After passing the acmic 

period, when phyletic senility manifests itself in the variety and extravagance of 

the dermal ornamentation, the reversion to the epacmic condition of lobation is but 

an accompaniment of the decline of the series. 
Pterygometopus represents but a secondary stage in this process, a stage more 

advanced than that indicated by D. bebryx, &c. But in certain species of the genus, 

there is a lateral expansion of the first and second glabellar lobes, giving to the 

glabella as a whole a somewhat globose UBpect. From such species is the point of 
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fauna devoid of other dermal ornament than the broad, flat marginal extensions of 

the pygidium, Cryphceus. This is the last of the race in American faunas. 
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departure toward the true Phacops, leading thence through the little Upper Silurian 

P. trisulcatus Hall, and P. orestes Billings, into the typical forms of the Devonian. 

Chasmops is a genus abundantly represented in the Scandinavian and Russian· 

Lower Silurian, but with a single American representative, D. breviceps Hall,* from 

the Hudson River group of Ohio. In this genus the first glabellar lobes are extrav~

gantly developed at the expense of the other pairs and extend frequently from the 

first glabp,lla,r ful'1'oWS to the occipital ring. 

Family CERA URID.lE. 

Ihmus CERAURUS, Green, ]832. 

CERAT1RTT8 PLEURBXANTHRMUR Orfen, 1832. 

Cemurus plew'exanthernu$ GREEN, 1832. Monogr. Tril. North Amer., p. 83; cast 33, plate 3, fig'. 10. 
Cemurus pleure;yanthemus HALL, 1847. Palmontology of New York, vol. i, p. 242, pl. 65, figs.la-n; 

pl. 66, figs. 1, Ih. 
Ceraurus pleurexanthernus WALCOTT, 1881. Bull. Mus. Compo Zool., Harvard Coll., vol. viii, p. 211 

p1. 5, figs. 1-6. 

This species abounds at several localities, and specimens do not materially differ 

in size and habit from those of the Trenton limestone of N ew York. It has a very 

considerable vertical range, having been found at the following localities. Lower 

Trenton, or Birdseye limestone, Janesville and Mineral Point, Wisconsin; Black River 

horizon, Minneapolis; Trenton horizon, St. Paul; Galena horizon, Kenyon; Hudson 

River horizon, Spring Valley, Minnesota. 

Subgenus PSEUDOSPH-LEREXOCHUS, Schmidt, 1881. 

PSEUDOSPH"EREXOCHUS TRENTONENSIS, n. sp. 

The remains of this fossil are quite imperfect, but the occurrence of this type of 

structure in the Trenton fauna of New York is worthy of notice. 

This division of the Ceraurus group, Pseu,dosphcerexochus, was introduced for such 

species as differ from Cerattrus in the subtrigonal rather than subquadrate outline 

of the glabella, its convex or bullate contour, the posteriorly directed glabellar 

furrows (the third pair being the largest, but not reaching the occipital furrow), and 

the very large size of the third pair of glabellar lobes; all of which are features in 

strong contrast to their disposition in the restricted genus Ceraurus. 

Our specimen is a single glabella of large size, regularly convex surface, and 

rather abrupt slopes to the frontal and lateral margins. Its length to the occipital 

furrow is 19 mm., and the occipital ring is 3 mm. in width and decidedly flat on the' 

axis. 'rhe width of the glabella at its base is 21 mm. The three pairs of glabellar 
. * Ad\,. Sbeets, Twentieth Rept. N. Y. State O"h. Nat. Rist .• p. 16,1866; Twenty-fourth do., p. 223, pI. viii, figs. 15,16,18'12: 
P"lreolJ101oRY of Ohio. vol. ii, p. 108, pI. iv, fiR" 10,17,1875. 
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The remains of this fossil are quite imperfect, but the occurrence of this type of 

structure in the Trenton fauna of New York is worthy of notice. 

This division of the Ceraurus group, Pseudosphcerexochus, was introduced for such 

species as differ from Ceraurus in the subtrigonal rather than subquadrate outline 

of the glabella, its convex or bullate contour, the posteriorly directed glabellar 

furrows (the third pair being the largest, but not reaching the occipital furrow), and 

the very large size of the third pair of glabellar lobes; all of which are features in 

strong contrast to their disposition in the restricted genus Ceraurus. 

Our specimen is a single glabella of large size, regularly convex surface, and 

rather abrupli slopes to the frontal and lateral margins. Its length to the occipital 

furrow is 19 mm., and the occipital ring is 3 mm. in width and decidedly flat on the' 
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• Ad v. Sheets, Twentieth Rept. N. Y. Stl1te Cub. Nat. Rist., p. 16,1866; Twenty-fourth do., p. 228, pI. viii, figs. 15,16,18'12; 

P"I~Ollt.ology of Ohio. vol. ii, p. 108, pI. iv, flg~ la, 17, 1875. 
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furrows are distinct, the first being the shortest, origin'ating close to the frontal 

margin, the length of each being just about one-half the distance between their 

outer extremities measured in a straight line. The second furrows are longer, 

parallel .for about one-half their length with the first pair, thence directed more 

strongly backward. The third furrows are again longer than the second, subparallel 

to them but deflected abruptly backward at their extremities where they are 

widened into a slight pit or exeavation. The last do not reach the occipital furrow. 

Figs. 53, 54.-Glabella of Pseudosphcerexochus trentonensis. 

The frontal lobe is relatively small and spherically subtriangular; the first pair 

of lateral lobes elongate rectangular, the second pair similar, though broader and 

deflected somewhat posteriorly at both extremities, the third pair is short, clavate, 

one-half wider at its outer than at its inner extremity. The surface of the glahella 

is covered with low but distinct tubercles. 

Formation and locality.-Middle Trenton group, Trenton Falls. New York. 

Subgenus CYRTOMETOPUS, Angelin, 1854. 

CYRTOMETOPUS SCOFIELD! n. sp. 

This species is known only from its cranidium, of which a few examples are at 

hand. The part is small, having an axial length of about 6-! mm., and a width 

between the extremities of the cheek spines of 16 mm. Glabella elongate-subquad

rate in outline, broadly rounded in front; dorsal furrows straight and subparallel; 

length to occipital groove equal to width at base. General contour depressed 

lfig. 55.-Cranidium of Cyrtometopus scofieldi. 

convex, flattened above. Frontal lobe large, first and second lobes small, obscurely 

defined, the former transversely subrectangular curving backward tow~rds the 

dorsal furrows, the latter subtriangular and broadest within; third lobes moderately 

large, having a form just the reverse of that of the second lobes, and almost if not 

wholly set off from the glabella by the deep bounding furrows. The first and second 
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furrows are distinct, the first being the shortest, origin'ating close to the frontal 

margin, the length of each being just about one-half the distance between their 

outer extremities measured in a straight line. The second furrows are longer, 

parallel for about one-half their length with the first pair, thence directed more 

strongly backward. The third furrows are again longer than the second, subparallel 

to them but deflected abruptly backward at their extremities where they are 

widened into a slight pit or exca,va,tiOll. The last do not rea,ch the o("(,,ipital furrow. 

Figs. 53, 54,-Glabella of Pseudosphcerexochus trentonensis. 

The frontal lobe is relatively small and spherically subtriangular; the first pair 

of lateral lobes elongate rectangular, the second pair similar, though broader and 

deflected somewhat posteriorly at both extremities, the third pair is short, clava,te, 

one-half wider at its outer than at its inner extremity. The surfane of the gbhAlb 

is covered with low but distinct tubercles. 

F01'1nation and locality.-Miclclle Trenton group, Trenton Falls. New York. 

Subgenus CYRTOMETOPUS, Angelin, 1854. 

CYRTOMETOPUS SCOFIELDI n. sp. 

This species is known only from its cranidium, of which a few examples are at 

hand. The part is small, having an axial length of about 6~ mm., and a width 

between the extremities of the cheek spines of 16 mm. Glabella elongate-subquad

rate in outline, broadly rounded in front; dorsal furrows straight and subparallel; 

length to occipital groove equal to width at base. General contour depressed 

Fig. 55.-Craniclium of Cyrtometopus scofielcli. 

convex, flattened above. Frontal lobe large, first and second lobes small, obscurely 

defined, the former transversely subrectangular curving backward towards the 

dorsal furrows, the latter subtriangular and broadest within; third lobes moderately 

large, having a form just the reverse of that of the second lobes, and almost if not 

wholly set off from the glabella by the deep bounding furrows. The first and second 
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pairs of glabellar furrows are exceedingly obscure and may be discerned only in an 

oblique light. Occipital furrow narrow and deeply impressed; occipital ring broad 

in the middle, highly arched on the axis, which is scarcely as wide as the base of 

the glabella. On the cheeks the occipital ring gradually widens, at its extremity 

meets the outer marginal rim of the border, and is continued into a short, outwardly 

directed spine. The occipital furrow is also sharply defined upon the cheeks. 

Eyes of moderate size, not elevated to the hight of the glabella. Suture normal; 

ocular ridge from the anterior angle of the eye to the frontal margin broad and 

conspicuous. The entire surface of the shield is minutely and uniformly pustulose 

over all its parts. 

This species has somewhat the general aspect of Oeraurus pleurexanthemus, 

but differs from it characteristically in the obscure lobation of the glabella, the 

surface granulation, and the shortness of the genal spines. It is, I believe, wholly 

distinct from any of the various species" Oheirul'us" described by Billings from the 

Lower Silurian, though the usual imperfection of Billings' material renders a decisive 

opinion impossible. 

F07'mation and locality.-Lower Trenton limestone, with Ortnis pectinella and Strophomena 8ubtenta, 
Minneapolis; and the Glades, Lebanon, Tennessee. Collection of Mr. Ulrich. 

NOTE ON THE SUBGENERIC CLASSIFICATION OF THE AMERICAN SPEOIES OF THE GENUS 

CERAURUS. 

The wide variation in the form and degree of lobation of the glabella and form 

of the pygidium in species which have been referred to Oeraurus, led Angelin, 

Schmidt, and some others, to introduce a number of subordinate and useful 

designations for what appear to be natural groups. The structure of Oeraurus as 

exemplified by its type species, O. pleurexanthemus, is characterized by its su bquad

rate glabella with moderately large frontal lobe, short, subequal lateral lobes 

separated by horizontal furrows, the third lobes being apparently isolated by a 

linear depression extending from the actual inner termination of the furrow to the 

occipital groove. The surface of the inner cheeks is characteristically marked by 

deep pittings scattered among the tubercles, while the pygidium bears two or three 

pairs of marginal spines, the first being of very great length. 

The principal points of deviation from this type are manifested in the compo

sition of the glabella. The glabella in Oyrtometopus, Angelin, Pseudosphaerexochus, 

amI Nieszko1VSki{f, Schmidt, is subtriangular, broadly clavate or subovoid, the lateral 

furrows and lobes being directed posteriorly. In Oyrtometopus the glabella is evenly 

and not greatly convex, and the third lobe-is usually not wholly separated from the 

glahAlla. The ridge extending from the eyes forward to the anterior margin of the 
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pairs of glahellar furrows are exceedingly obscure and may be discerned only in an 

oblique light. Occipital furrow narrow and deeply impressed; occipital ring broad 

in the middle, highly arched on the axis, which is scarcely as wide as the base of 

the glabella. On the cheeks the occipital ring gradually widens, at its extremity 

meets the outer marginal rim of the border, and is continued into a short, outwardly 

directed spine. The occipital furrow is also sharply defined upon the cheeks. 

Eyes of moderate size, not elevated to the hight of the glabella. Suture normal; 

ocular ridge from the anterior angle of the eye to the frontal margin broad and 

conspicuous. The entire surface of the shield is minutely and uniformly pustulose 

over all its parts. 

This species has somewhat the general aspect of Oeraurus pleurexanthemus, 

but differs from it characteristically in the obscure lobation of the glabella, the 

surface granulation, and the shortness of the genal spines. It is, I believe, wholly 

distinct from any of the various species" Oheirurus" described by Billings from the 

Lower Silurian, though the usual imperfection of Billings' material renders a decisive 

opinion impossible. 

FOTination and locality.-Lower Trenton limestone, with Orthis pectinella and Strophomena subtenta, 
Minneapolis; and the Glades, Lebanon, Tennessee. Collection of Mr. Ulrich. 

NOTE ON THE SUB GENERIC CLASSIFICATION OF THE AMERICAN SPECIES OF THE GENUS 

CERAURUS. 

The wide variation in the form and degree of lobation of the glabella and form 

of the pygidium in species which have been referred to Oeraurus, led Angelin, 

Schmidt, and some others, to introduce a number of subordinate and useful 

designations for what appear to be natural groups. The structure of Oeraurus as 

exemplified by its type species, O. pleurexanthemus, is characterized by its subquad

rate glabella with moderately large frontal lobe, short, subequal lateral lobes 

separated by horizontal furrows, the third lobes being apparently isolated by a 

linear depression extending from the actual inner termination of the furrow to the 

occipital groove. The surface of the inner cheeks is characteristically marked by 

deep pittings scattered among the tubercles, while the pygidium bears two or three 

pairs of marginal spines, the first being of very great length. 

The principal points of deviation from this type are manifested in the compo

sition of the glabella. The glabella in Oyrtometopus, Angelin, Pseudosphaerexochus, 

<tl1L1 Niesz/;:olOsJ.-ill, Schmidt, is subtriangular, broadly clavate or subovoid, the lateral 

furrows and lobes being directed posteriorly. In Oyrtometopus the glabella is evenly 

and not gre::ttly convex, and the third lobe is usually not wholly separated from the 

gl::thella. The ridge extending from the eyes forward to the anterior margin of the 
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glabella is continuous with the broad frontal margin of the cephalon. Of American 

species representing this subgenus we may r.ite: C. apollo and C. mercurius Billings, 

from the Quebec group, C. rarus Walcott, from the Trenton limestone and C. scofieldi 

Clarke, from the Galena shales. 

In Pseudosphcerexochus the glabella is very convex, the third lateral furrow 

stronger than the others, and the third lobe larger and not separated from the body 

of the glabella. The pygidium bears eight marginal spines of subequal length. 

Under this division may be placed C. prolificus Billings, of the Quebec group, and P. 

trentonensis Clarke, of the Trenton limestone. 

NieszkoUJskia Schmidt, has the glabellar furrows very oblique posteriorly, 

the glabella most convex behind and usually produced into a posterior spine; 

the third furrow is the strongest and the third lobe is not separated from the body. 

1'0 this division may be referred Billings' C. glaucus, and C. perfomtor, of the 

Quebec group, C. satyrus, of the Chazy limestone, and C. numitor of the Hudson 

River group. 

Schmidt includes among these subgenera, Sphcerocoryphe Angelin, in which the 

anterior portion of the glabella, embracing the frontal lobes and the first and second 

lateral lobes, becomes extremely convex: and subspherical, without traces of lateral 

furrows. 'rhe third lobes only are apparent, and these quite obscure. 

Of the foregoing divisions, all except Pseudosphcerexochus have a pauci-annulate 

pygidium, with usually two or three annulations and ribs, and the fir8t pair of ribs 

much the largest and extended at their free extremities far beyond the rest. In 

Pseudosphcerexochus the eight free points of the pygidial ribs are sharp and angular. 

In Eccoptochile C()rda, there are but six of these extensions and they are fiat, broad 

and blunt at their extremities, and do not extend beyond the general marginal arc; 

while in Crotalocephalus Salter, these are likewise six in number, but narrow, 

incurved, distant, and acute. The structure of the glabella in Eccoptochile clavigera 

Corda, the type of the subgenus, is essentially similar to that of Ceraurus, though 

the glabella is rather more rotund and ovoid; but in Crotalocephalus ther-e is a large, 

convex and protuberant frontal lobe. The first and second lobes are short and 

horizontal, and the third or basal lobes isolated by the union of t.he third glabellar 

furrows with the occipital groove. Eccoptochile is represented in the Hudson River 

fauna by Ceraurus icarus (Billings) Meek. Of the typical Crotalocephalus we 

probably have but one representative, the C. niagaraensis Hall, of the Niagara shales 

of Lockport and Rochester, N. Y., and the magnesian limestones of Illinois and 

Wisconsin. 
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Under this division may be placed C. prolificus Billings, of the Quebec group, and P. 

trentonensis Clarke, of the Trenton limestone. 
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To this division may be referred Billings' C. glaucus, and C. pel/omtor, of the 

Quebec group, C. satyrus, of the Chazy limestone, and C. numitor of the Hudson 

River group. 

Schmidt includes among these subgenera, Sphccrocoryphe Angelin, in which the 

anterior portion of the glabella, embracing the frontal lobes and the first and second 

lateral lobes, becomes extremely convex: and subspherical, without traces of lateral 

furrows. The third lobes only are apparent, and these quite obscure. 

Of the foregoing divisions, all except Pseudosphcerexochus have a pauci-annulate 

pygidium, with usually two or three annulations and ribs, and the first pair of ribs 

much the largest and extended at their free extremities far beyond the rest. In 

Pseudosphcerexochus the eight free points of the pygidial ribs are sharp and angular. 

In EccoptocMle Corda, there are but six of these extensions and they are fiat, broad 

and blunt at their extremities, and do not extend beyond the general marginal arc; 

while in Crotalocephalus Salter, these are likewil:le six in number, but narrow, 

incurved, distant, and acute. The structure of the glabella in EccoptochiZe clavigera 

Corda, the type of the subgenus, is essentially similar to that of Cerau)'tls, though 

the glabella is rather more rotund and ovoid; but in Crotalocephalus there is a large, 

convex and protuberant frontal lobe. The first and second lobes are short and 

horizontal, and the third or basal lobes isolated by the union of t.he third glabellar 

furrows with the occipital groove. Eccoptochile is represented in the Hudson River 

fauna by Ceraurus icarus (Billings) Meek. Of the typical Crotalocephalus we 

probably have but one representative, the C. niagaraensis Hall, of the Niagara shales 
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We may summarIze and tabulate the subgeneric relations of the best known 

American representatives of Ceraurus, in the following manner: 

1. Pygidium with first pair of ribs much produced and embracing the short extension of the other 
one or two pairs. 

u. Glabella depressed, subquadrate; glabellar furrows short and horizontal: Ceraurus s. s. 
C. pleure,ranthemus Green. 
C. polydorus Billings. 
C. pompiliu8 Billings. 
C. nuperus Billings. 
C. tarq1tinius Billings. 

1>. Glabella ovoid, convex; glabellar lobes posteriorly oblique, third lobe not separated; ocular 
ridge continuous with frontal border: Cyrtometopus. 

C. apollo Billings. 
C. mercurius Billings. 
C. rarus Walcott. 
C. scofieldi Clarke. 

c. Glabella elliptical, convex bphiud, with obliquely posterior furrows; third lobes not separa-
ted; usually a spine on the posterior portion of the glabella: Nieszkowskia. 

U. glaucus Billings. 
C. perforator Billings. 
C. satyrus Billings. 
C. numitor Billings. 

d. Frontal and first and second lateral lobes confluent and highly convex or subspherical: 
Sphcerocoryphe. 

S. robusta Walcott. 
S. salteri Billings. 

2. Pygidium with free pleural ribs nut extending beyond the posterior arc. 

e. Glabella sUfJquadrate, rounded and full in front; lateral furrows short and horizontal; 
third lobe not separated; pygidium with four pairs of broad obtuse marginal 
extensions: Eccoptochile. 

C. icarus (Billings) Meek. 

f· Glabella with large anel convex frontal lobe; members of first and second lateral furrows 
confluent; third lobes wholly isolated. Pygidium with six distant, sharp, 
incurved caudal spines: Crotalocephalus. 

C. niagarensis Hall (=C. insignis Beyrich.) 

g. Glabella convex, ovoid or subtriangular; frontal lobe small, lateral furrows oblique; third 
lobe large and not isolated. Pygidium with eight divergent spines: Pseudo
sphcerexoc.hus. 

c. p1'olificus Billings. 
P. tTentonensis Clarke. 
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American representatives of Ceraurus, in the following manner: 

1. Pygidium with first pair of ribs much produced and embracing the short extension of the other 
one or two pairs. 
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ted; usually a spine on the posterior portion of the glabella: Nieszkowskia. 

O. glaucus Billings. 
C. perforator Billings. 
C. satyrus Billings. 
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d. Frontal and first and second lateral lobes confluent and highly convex or subspherical: 
Sphcerocoryphe. 

S. robusta Walcott. 
S. salted Billings. 

2. PygieJium with free pleural ribs nut extending beyond the posterior arc. 

e. Glabella subquadratp, rounded and full in front; lateral furrows short and horizontal; 
third lobe not separated; pygidium with four pairs of broad obtuse marginal 
extensions: Eccoptochile. 

C. icarus (Billings) Meek. 

f· Glabella with large amI convex frontal lobe; members of first and second lateral furrows 
confluent; third lobes wholly isolated. Pygidium with six distant, sharp, 
incurved caueJal spines: Crotalocephalus. 

C. niagaremis Hall (~C. insignis Beyrich.) 

g. Glabella convex, ovoid or subtriangular; frontal lobe small, lateral furrows oblique; third 
lobe large and not isolated. Pygidium with eight di vergent spines: Pseudo
sphcerexoehus. 

C. prolificus Billings. 
P. iTentonensis Clarke. 
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Family ENORINURIDlE. 

Genus ENCRINURUS, Emmrich, 1844. 

ENORINURUS VANNULUS, n. sp. 

Animal small, ovate in outline, tap(3ring posteriorly from the base of the 

cephalon; protuberant anteriorly. Cephalon with entire, broadly subcircular anterior 

margins, genal angles obtusely rounded, surface elevated, flattened above. Glabella 

protuberant, its convex frontal lobe extending considerably beyond the anterior 

margin of the shield; obovate; greatest width across the anterior portion of the 

frontal lobe and equal to the axial length. Anterior margin subcircular to the dorsal 

furrows which are deep, convergent and slightly incurved. Lateral furrows obscure, 

but still more distinctly developed than is usually the case iu species of this genus. 

'The first pair lies a short distance from the anterior extremities of the dorsal 

furrows, is short and directed somewhat anteriorly; the second and third furrows 

are but slightly longer, somewhat more transverse. None of these pass far inward 

and their inner extremities are separated by a regularly convex median portion of 

the glabella. They are equidistant and the lobes are, therefore, of about the same 

size. One-half the length of the glabella is taken by the frontal lobe and the width 

of the glabella at its base is one-half its width at the base of the frontal lobe. 

Occipital groove narrow, occipital ring broader than the lateral lobes and extending 

considerably beyond the base of the glabella, forming a proportionally broad axis. 

Eye-nodes very convex, the eyes themselves being llmall, elevated and situated at 

about the middle of the cheeks. Outwardly, beneath the eyes, the surface is 

depressed convex. The facial sutures terminate posteriorly, directly at the genal 

angles. The occipital groove is clearly defined over the cheeks and is continuous 

with a lateral marginal groove. Surface coarsely and evenly tubercled over the 

glabella and. the cheeks, within the marginal furrow. 

Fig. 56.-Encrinurus vannulus. x 2. 

Thorax broad, flattened above, abruptly depressed at the sides. Segments 

normally eleven, but ten are preserved in the single specimen in which this part is 

. retained.' Axisbroad, gently convex; it widens posteriorly from the first to the fifth 

isegmen.t, thence g~adually tapering. The pleurre, at about the middle of their width, 

',I' 
'"' 
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Encrlnurus vannu!-t\s.] 

Family ENCRINURIDJE. 

Genus ENCRINURUS, Emmrich, 184-4. 

ENCRINURUS VANNULUS, n. sp. 

Animal small, ovate in outline, tap.(:lring posteriorly from the base of the 

cephalon; protuberant anteriorly. Cephalon with entire, broadly subcircular anterior 

margins, genal angles obtusely rounded, surface elevated, flattened above. GlabellcL 

protuberant, its convex frontal lobe extending considerably beyond the anterior 

margin of the shield; obovate; greatest width across the anterior portion of the 

frontal lobe and equal to the axial length. Anterior margin subcircular to the dorsal 

furrows which are deep, convergent and slightly incurved. Lateral furrows obscure, 

but still more distinctly developed than is usually the case iu species of this genus. 

"The first pair lies a short distance from the anterior extremities of the dorsal 

furrows, is short and directed somewhat anteriorly; the second and third furrows 

are but slightly longer, somewhat more transverse. None of these pass far inward 

and their inner extremities are separated by a regularly convex median portion of 

the glabella. They are equidistcLnt and the lobes are, therefore, of about the same 

size. One-half the length of the glabella is taken by the frontal lobe and the width 

of the glabella at its base is one-half its width at the base of the frontal lobe. 

Occipital groove narrow, occipital ring broader than the lateral lobes and extending 

considerably beyond the base of the glabella, forming a proportionally broad axis. 

Eye-nodes very convex, the eyes themselves being small, elevated and situated at 

about the middle of the cheeks. Outwardly, beneath the eyes, the surface is 

depressed convex. The facial sutures terminate posteriorly, directly at the genal 

angles. The occipital groove is clearly defined over the cheeks and is continuous 

with a lateral marginal groove. Surface coarsely and evenly tubercled over the 

glabella and. the cheeks, within the marginal furrow. 

Fig. 56.-Encrinurus vannulus. x 2. 

Thorax broad, flattened above, abruptly depressed at the sides. Segments 

normally eleven, but ten are preserved in the single specimen in which this part is 

. retained. Axis broad, gently convex; it widens posteriorly from the first to the fifth 

segment, thence gradually tapering. The pleural, at about the middle of their width, 
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are deflected abruptly, each segment terminating in a broadly obtuse extremity. 

From the line of geniculation they are bent abruptly backward. The segments are· 

simple throughout, or with but very faint sulci. 

Pygidium subpentagonal in outline; length and width equal. Axis relatively 

narrow, the lateral articulating surface sloping abruptly backward so that the outer 

lateral margin of the shield begins at a point fully two-thirds the length of the 

shield from the anterior margin. Post-lateral slope abrupt. Axis convex, with 6 or 7 

Fig. 57 .-Pygidium of Encrinurus vannulus. x 3. 

rounded annulations, which extend entirely across, and behind these 8 or 9 more 

which are interrupted medially by a smooth area. The axis, which tapers rapidly, is 

continued beyond the annulations, its extremity reaching almost to the margin, 

and enveloped by an elevated oval ridge having the appearance of an adventitious 

pleural rib. The pleurffi bear six short, simple ribs which are elevated at their 

proximal extremities on the dorsal furrows and curve abruptly backward. The 

first three of these may end in free, blunt tips; the last three 3.re confluent with 

the margin of the shield, the final pair enclosing the peculiarly enveloped extremity 

of the axis. Length and width of the typical specimen, 7 mm. 

Formation and locality.-Lower blue'beds of the Trenton limestone, Janesville, Wisconsin (Museum 
No. 8·no); upper beds, Beloit, Wisconsio (Museum No. 8418). 

Of this species I have observed but three specimeos: a pygidium and a part of the cephal on from the 
former lucality, and a cephalon witt. ten segmeots of the thorax from the latter. The species probably 
appruaches E. raricostatus Walcott (of which as yet but the pygidium is known) more nearly than 
any other American furm. That species is said to possess from 13 to 16 smooth continuous annulatioos 
on the axis of the pygidiunJ, and it is upun the difference of the two forms in this respect togf'ther with 
the add itiunal knowledge of the other parts of the animals, that this proposed species is grounded. 

(?) ENCRINURUS RARICOSTATUS Walcott, 1877. 

cf. Encrimtrus mricostatus WALCOTT, 1877. Adv. sheets, Thirty-first Rept., N. Y. State Mus. Nat. 
Hi.,t., p. 16. 

Encrinurus mricostaius WALCOTT, 1879. Thirty-first Rept., N. Y. State Mus. Nat. Rist., p. 69. 
Encrinurus raricostalus SAFFORD and VODGES, 1887. Proc. Acad. Nat. Sci. Phil., p. 167. fig. 2. 

There is a single pygidium in the material before me, from the Trenton 

limestone at Mineral Point, Wisconsin (Museum No. 8403), the original locality of 

Mr. Walcott's species, that has the axis annulated for most of its length and the six 

lateral ribs relatively larger, blunter at both extremities and with a less abrupt 

posterior curve than E. vannulus. It agrees well with the original description 

which was based upon this part alone, and with the only figure yet given of the 

species, that published by Safford and Vogdes, of a specimen from Lebanon, Tenn. 
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rounded annulations, which extend entirely across, and behind these 8 or 9 more 

which are interrupted medially by a smooth area. The axis, which tapers rapidly, is 

continued beyond the annulations, its extremity reaching almost to the margin, 

and enveloped by an elevated oval ridge having the appearance of an adventitious 

pleural rib. The pleural bear six short, simple ribs which are elevated at their 

proximal extremities on the dorsal furrows and curve abruptly backward. The 

first three of these may end in free, blunt tips; the last three a.re confluent with 

the margin of the shield, the final pair enclosing the peculiarly enveloped extremity 

of the axis. Length and width of the typical specimen, 7 mm. 

Formation and locality.-Lower blue' beds of the Trenton limestone, Janesville, Wisconsin (Museum 
No. 8410); upper beds, Beloit, Wisconsin (Museum No. 8418). 

Of this species I have observed but three specimens: a pygidium and a part of the cephal on from the 
former lucality, and a cephalon witl, ten segments of the thorax from the latter. The species probably 
approachcii E. mricostatus Walcott (of which as yet but the pygidium is known) more nearly than 
any other American furm. That species is said to possess from 13 to 16 smooth continuous annulations 
on the axis of the pygidiuUl, and it is upon the difference of the two forms in this respect togf'ther with 
the add itiunal knowledge of the other parts of the animals, that this proposed species is grounded. 
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There is a single pygidium in the material before me, from the Trenton 

limestone at Mineral Point, Wisconsin (Museum No. 8403), the original locality of 

Mr. Walcott's species, that has the axis annulated for most of its length and the six 

lateral ribs relatively larger, blunter at both extremities and with a less abrupt 

posterior curve than E. vannulus. It agrees well with the original description 

which was based upon this part alone, and with the only figure yet given of the 

species, that published by Safford and Vogdes, of a speci men from Lebanon, Tenn. 
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Encrinurus cristatus.] 

ENORINURUS ORISTATUS, n. Sp. 

There is a portion of a small cranidium from the horizon of the Hudson River 

group at Spring Valley, Minnesota, which presents a series of striking characters, 

and in the absence of negative evidence may provisionally ~ be regarded as a new 

Fig. 5S.-Cranidium of Erwrinurus cr/statul> . .:.. x 3. 

species. The glabella is obconical, its narrow, blunt extremity being directed posteri

orly and conspicuously elevated. It extends almost if not quite to the occipital margin, 

over-hanging the pos~erior edge. The dorsal furrows are very deep and constrict 

the glabella laterally. The glabellar furrows are represented by three deep punctm 

at the bottom of the dorsal furrows, and these afford evidence of four pairs of lateral 

lobes; the first very small on the margin and limited by a faint groove extending 

upward over the surface of the glabella; the second and third also narrow and linear, 

are immediately merged into the median lobe, while the fourth pair is better 

de~eloped than the rest, extends entirely across the dorsal furrows, connecting the 

eye-node with the anterior extremity of the glabella., 

The glabella bears upon its upper surface a few (25) coarse, distant tubercles, 

which on the posterior portion are elongated, directed obliquely backward and 

upward, and take on the form of blunt spinules. From the middle point on the 

anterior margin of the glabella diverges a pair of shallow grooves, which skirt the 

ante-lateral margins and become obsolete on the lateral slopes. These grooves, 

which apparently indicate the course of the facial sutures 011 their anterior limbs, 

cut off a narrow ridge on each side of the anterior margin and each of these ridges 

bears a single row of four strong spiniform tubercles. The lateral and posterior 

concave slopes of the glabella are smooth. The length of this glabella is 5 mm. 

A portion of the left eye-node is retained and appears to have been modera,tely 

eleyated though not to the hight of the glabella; the eyes were approximate and 

posterior. Among the Russian species of Encrinurus described by Schmidt, we find 

a very close ally to E. cristatus in his .E. seebachi, from the W esen berg horizon (op. 

cit., pI. XIV, figs. 16-26), In the latter the glabella is less convex and more abund

antly tubercled; but the posterior tubercles are equally spiniform, and the anterior 

row is clearly delimited though not divided in the center. 
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species. The glabella is obconical, its narrow, blunt extremity being directed posteri
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at the bottom of the dorsal furrows, and these afford evidence of four pairs of lateral 
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are immediately merged into the median lobe, while the fourth pair is better 

dev:eloped than the rest, extends entirely across the dorsal furrows, connecting the 
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The glabella bears upon its upper surface a few (25) coarse, distant tubercles, 
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upward, and take on the form of blunt spinules. From the middle point on the 
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a very close ally to E. cristatus in his .E. seebachi, from the W esen berg horizon (op. 
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l Cybeie wlrichelU: 

Genus CYBELE, Loven, 1845. 

CYBELE WINCHELLI, n. sp. 

There is a single extended individual of this genus, considerably defaced. about. 

the head, 80 that the glabella is wholly lost; but the outline and proportions of the 

cephalon and the structure of the other parts are preserved. General outline 

linguate, tapering from the head backward to a subacute extremity; axial length 

Fig. 59.-Cybele winchelli. 

36 mm., greatest width 26 mm. Surface convex, flattened above. Cephalon transverse, 

broadly rounded at the sides, somewhat concave on the frontal margin which was 

slightly elevated. Length 10 mm.; width 26 mm. As the structure of the glabella 

is lost, a figure is here introduced copied from one of Schmidt's drawings of 

Fig. 60.-Cephalou of Cy7)ele bellatula (after Schmid t). 

C. Ziellatula Dalman. This shows the three distinct pairs of lateral lobes, the rather 

small frontal lobe and the peculiar projection of that portion of the shield lying 

between the upper anterior extremities of the facial sutures. 

Eye-nodes large and elevated, situated near the transverse diameter of the shield 

and directed somewhat anteriorly. Facial suture taking its origin on the outer margin 

considerably above the genal angles, whence its court'e may be traced as far as the 

eye-node. Margin of the cephalon thickened, convex and somewhat spreading 

on the ante-lateral limb, receding and becoming concave posteriorly, thence 

produced into rather short divergent genal spines. Occipital ring and g~oove well 

marked. 

Thorax subquadrate, tapering; 20 mm. in widtl1 at the anterior extremity; 

/) mm. in width at the posterior extremity; length 20 mm. Composed of twelve 

segments. Axis proportionally narrow and convex throughout., having about· 
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Genus CYBELE, Loven, 1845. 

CYBELE WINCHELLI, n. sp. 

There is a single extended individual of this genus, considerably defaced. about 

the head, 80 that the glabella is wholly lost; but the outline and proportions of the 

cephalon and the structure of the other parts are preserved. General outline 

linguate, tapering from the head backward to a subacute extremity; axial length 

Fig. 59.-CybeZe winchelli. 

36 mm., greatest width 26 mm. Surface convex, flattened above. Cephalon transverse, 

broadly rounded at the sides, somewhat concave on the frontal margin which was 

slightly elevated. Length 10 mm.; width 26 mm. As the structure of the glabella 

is lost, a figure is here introduced copied from one of Schmidt's drawings of 

Fig. 60.-0ephalou of Cy7)ele bellatula (after Schmiclt). 

C. bellatula Dalman. This shows the three distinct pairs of lateral lobes, the rather 

small frontal lobe and the peculiar projection of that portion of the shield lying 

between the upper anterior extremities of the facial sutures. 

Eye-nodes large and elevated, situated near the transverse diameter of the shield 

and directed somewhat anteriorly. Facial suture taking its origin on the outer margin 

considerably above the genal angles, whence its court'e may be traced as far as the 

eye-node. Margin of the cephalon thickened, convex and somewhat spreading 

on the ante-lateral limb, receding and becoming concave posteriorly, thence 

produced into rather short divergent genal spines. Occipital ring and groove well 
marked. 

Thorax subquadrate, tapering; 20 mm. in widtt1 at the anterior extremity; 

8 mm. in width at the posterior extremity; length 20 mm. Composed of twelve 

segments. Axis proportionally narrow and convex throughout., having about· 
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one-fourth the width of the thorax at any point. The segments are slender 

and distinctly grooved for their entire length or within a very short distance of 

their extremities. The first five segments appear to be obtusely rounded at 

their terminations, but the last seven are acute. The sixth segment, though no 

broader than the rest within the articulating lines, is greatly expanded at the 

line of geniculation and each extremity is produced as a stout spine, consider

ably beyond the termination of the pygidium; these curve outward at first, 

thence recurve and approach each other. Though their entire length is not 

preserved, they could not have been less than 20 mm. long. The last six segments 

are like the first five, except that they are curved more abruptly backward, their 

terminations being acute. 

Pygidium short, narrow in front, all the annulations being curved abruptly 

backward. Anterior diameter 7.5 mm.; length 9 mrn. The articulating ring of the 

axis is very large and conspicuous; behind it is a single annulation extending entirely 

across the axis, three others which extend from .the dorsal furrows partly across, 

these being followed by five or six rings which do not reach the dorsal furrows and 

are separated medially by a flattened area, like that in Encrinurus. The axis ends 

acutely and does not reach the extremity of the pygidium. 

Each of the pleurm bears four or five ribs, the first of which is quite narrow, and 

is, probably, the anterior moiety of the second, a'3 it does not reach the margin. 

There may also be seen a trace of a similar intercalary rib between the second and 

third ribs. The second, third, fourth and fifth ribs end in acute, free points which 

were directed outwardly. 
Surface finely tubercled, the tubercles being coarsest on the border of the 

cephalon and the ribs of the pygidium. The surface of the free cheeks was slightly 

pitted or punctated. 

Formation and locaZity.-Galena limestone (?), Fillmore county, Minnesota (Museum No. 84%). This 
specimen was found loose, and its exact g-eological position is, hence. uncertain. 

Observations-This is the most completely known speci"s of Oybel' from the American faunas, 
indeed the only species of the genus observed here except that figured by Billings under the name En
crinurus mirus, from the Quebec group of Newfoundland;* and of all the forms of this genus that have 
been illustrated no specimen shows better the general form and relation of the parts. 

Oybele is an eminently lower Silurian genus, attaining its maximum development and variation of 
form in the Scandinavian and Ba1t.ic Silurian districts, at an horizon e1lulvalent to that of C.winchelli. 
The' unfortunate condition of the g-labella of our specimen precludes a th,)fOughly reliable comparison 
with other forms; but the character of its pygidium, with short free terminations of the ribs, suggests a 
specific relationship with O. revalensis Schmidt,t from the utage 0" a somewhat earlier stage or the Tren
ton period than that represented by the Galena limestone. None of the Russian species possess the long 
cheek spines of O. wirwhelli . 

• Palreozoic Fossils, vol. i, p. 292, fig. 282,1865. Tbe species was fOLWdcd on a glabella. which is SlBpicioLlSly like that of 
Amphion; the pygidium, however. associated with it in the ill lIst ration but not in the desr,riptioll. is probal)ly t.hat of a 
Oybe!e. 

tRevision der ostbalt. siluro Trilobiten, Abtb. 1. p. 207, pl. XIII, fig. 2); pI. xv. figs. Ii. 7; pI. XVI. fig. 40. 
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one-fourth the width of the thorax at any point. The segments are slender 

and distinctly grooved for their entire length or within a very short distance of 

their extremities. The first five segments appear to be obtusely rounded at 

their terminations, but the last seven are acute. The sixth segment, though no 

broader than the rest within the articulating lines, is greatly expanded at the 

line of geniculation and each extremity is produced as a stout spine, consider

ably beyond the termination of the pygidium; these curve outward at first, 

thence recurve and approach each other. Though their entire length is not 

preserved, they could not have been less than 20 mm. long. The last six segments 

are like the first five, except that they are curved more abruptly hack ward, their 

terminations being acute. 

Pygidium short, narrow 111 front, all the annulations being curved abrl1ptly 

backward. Anterior diameter 7.5 mm.; length 9 mm. The articulating ring of the 

axis is very large and conspicuous; behind it is a single annulation extending entirely 

across the axis, three others which extend from the dorsal fl1rrows partly across, 

these being followed by five or six rings which do not reach the dorsal furrows and 

are separated medially by a flattened area, like that in Encrinurus. The axis ends 

acutely and does not reach the extremity of the pygidium. 

Each of the pleurm bears four or five ribs, the first of which is quite narrow, and 

is, probably, the anterior moiety of the second, as it does not reach the margin. 

There may also be seen a trace of a similar intercalary rib between the second and 

third ribs. The second, third, fourth and fifth ribs end in acute, free points which 

were directed outwardly. 

Surface finely tubercled, the tubercles being coarsest on the border of the 

cephalon and the ribs of the pygidium. The surface of the free cheeks was slightly 

pitted or punctated. 

Formation and locality.-Galena limestone (?), Fillmore county, Minnesota (Museum No. 8435). Thb 
specimen was found loose, and its exact geological position is, hence. uncertain. 

Observations-This is the most completely known specil's of Cybel' from the Ameril'an faunas, 
indeed the only species of the genus observed here except that Ognrec1 by Billings under Lhe name En
crinurus mirus, from the Quebec group of Newfoundland;* and of all the forms of this genus that have 
been illustrated no specimen shows better the general form and relation of the parts. 

Oybele is an eminently lower Silurian genus, attaining its maximum development and variation of 
form in the Scandinavian and BaJt.ic Silurian districts, at an horizon equivalent to that of O.1!linchelli, 
The· unfortunate condition of the glabella of our specimen precludes a th')ronghly reliable comparison 
wIth other forms; but the chara,cter of its pygidium, with short free terminations of the ribs, sug'gests a 
specific relationship with O. revalensis Schmidt,t from the utage 0" a somewhat earlier stage or the Tren· 
ton period than that represented by the Galena limestone. None of the Russian species possess the long 
cheek spines of O. wiiwhelli . 

• Palrnozoic Fossils, vol. i, p. 292, fig. 282,1865. The species w"s foundod ou ,1, gl"bella. which is suspicion sly like tho,t of 
Amphion; the pygidium, however. associated with it in the illustmtion but not ill the description. is pt'Oba1)ly t.h:<t of a 
Cybe/.e, 

tRevision der ostbalt. siluro Trilobiten, Abth. 1. p. 207, pJ. XUI, fig, 21; pI. xv, figs. G. 7; pI. xn. fig. 40. 
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Family ACIDASPIDJE. 

Genus ODONTOPLEURA, Emmricb, 1849. 

OnoNToPLEURA PARVULA Walcott (sp.), 1877. 

[OdontopleuX'11 parvula. 

Acidaspis parvula WALCOTT, 1817. Aclv. sheets, Thirty-first, Rept., N. Y. State Mus. Nat. Rist., 
p.16. . 

Acidaspis parvula WALCOTT, 1879. Thirty-first Rept., N. Y. Sta~e Mus. Nat. Rlst., p. 69. 
Odontopleura parvula CLARKE, 1892. Forty-fourth Rept., N. Y. State Mus., p. 101. 

The few fragments of this species which have been observed in the Minnesota 

formations present no differences from the New York form. As tbe species is 

frequently preserved in an entire condition in the Trenton lime5tone of Trenton 

Falls, N. Y., a figure of such a specimen is here introduced. 

Fig. 61.-0dontopleura parvula Walcott·. x 3. Trenton Falls, N. Y. 

Formation and locality.-Galena shales, St. Paul, Minnesota. 

Family LICHADJE. 

Genus LICHAS, Dalman, 1826. 

Subgenus ARGE8, Goldfuss, 1839. 

ARGES WESENBERGENSIS Schmidt, val'. PAULIANUS, n. var. 

Cephalon convex, subsemicircular in anterior outline, projecting medially; 

lateral extensions not exsert. 

Glabella regularly convex, anterior and lateral slopes the more abrup't. Median 

lobe broadest on the anterior margin where it covers three-fourths of tbe entire 

width of the glabella, regularly rounded, most convex just in front of 'its center. 

Anterior and posterior glabellar furrows continuous and deep, setting off a pair 

of simple, rounded, subovoid lateral lobes, bounded on the outside by the dorsal 

furrows which are somewhat shallower than the inner furrows. 'rhe first and second 

lobes are thus wholly coalesced, the third or occipital lobes being represented by a 

pair of elongated nodes which at their union with the narrow posterior portion of 

the median lobe form an obscure annulation. Occipital furrow broad; occipital ring 

narrow, elevated on the axis and aspinous. The fixed cheeks and eye-node are 

convex, the latter appressed to the glabella and somewhat posterior in position. 
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Subgenus ARG E8, Goldfuss, 1839. 

ARGES WESENBERGENSIS Schmidt, var. PAULIANUS, n. var. 

Cephalon convex, subsemicircular in anterior outline, projecting medially; 

lateral extensions not exsert. 

Glabella regularly convex, anterior and lateral slopes the more abrup,t. Median 

lobe broadest on the anterior margin where it covers three-fourths of the entire 

width of the glabella, regularly rounded, most convex just in front of its center. 

Anterior and posterior glabellar furrows continuous and deep, setting off a pair 

of simple, rounded, subovoid lateral lobes, bounded on the outside by the dorsal 

furrows which are somewhat shallower than the inner furrows. 'l'he first and second 

lobes are thus wholly coalesced, the third or occipital lobes being represented by a 

pair of elongated nodes which at their union with the narrow posterior portion of 

the median lobe form an obscure annulation. Occipital furrow broad; occipital ring 

narrow, elevated on the axis and aspinous. The fixed cheeks and eye-node are 

convex, the latter appressed to the glabella and somewhat posterior in position. 



&rges we$eubel'geusilt.] 
TRILOBITES. 745 

The outer cheelrs are abruptly convex below the eye, are there broadly grooved by a 

furrow which widens toward the margin, where it produces a rather deep emargina

·tion of the periphery. Genal extremities recurved, tapering to an acute angle, 

but not narrowed on the posterior surface. Occipital furrow broad and distinctly 

defined. 

lfigs. 62, 63.-Cranidium of Arges wesenbergensis. var. paulianus. x 3. 

The cephalon is covered with tubercles which are coarsest over the glabellar 

lobes; on the cheeks they become scattered, vary more in size, and the coarser are 

gathered along the posterior margin. No single .specimen of the head retaining 

all these parts in apposition has been observed, but in the cranidia the size is 

about the same, an average glabella measuring 5i mm. in length; 6i mm. between 

the eyes. 

Of the thorax only a few scattered segments have been seen. 

Fig. 64.-Pygidium of a somewhat smaller individual. x 3. 

Pygidium short, transversely semielliptical in outline. The axis is convex and 

has about one-third the width of the shield on its anterior margin. Its sides are 

straight or slightly incurved, scarcely tapering, for about one-half the length of the 

shield. Posteriorly it is broadly rounded and terminates in an elongated ridge 

which extends to, and is confluent with the marginal thickening of the shield. Three 

annulations are distinctly defined and behind these are one or more transverse rows 

of fine tubercles. The pleurm are depressed convex, thickened about the margins. 

rrhere are two distinct pleural ribs, the anterior being deeply sulcate and its two 

divisions uniting to form a single narrow, acute, moderately long spine. The second 

rib is also broadly sulcate, is much smaller than the first and its parts unite out

vyardly to form a second marginal spine longer than the first. Behind these two 

ribs there are two tubercled spaces extending to the median prolongation of the 

axis. On the margin, besides the first and second pairs of spines, there is a third or 

terminal pair somew hat shorter than the others, and between them and the second 

. pair is a small and short accessory pair, making in all eight short, rounded spines. 

On the under side or doublure these are more flattened than above. 

Length of average specimens 4 mm.; anterior width 5 mm. 

Arges wesenbergensls.] 
TRILOBITES. 745 

The outer cheeks are abruptly couvex below the eye, are there broadly grooved by a 

furrow which widens toward the margin, where it produces a rather deep emargina

tion of the periphery. Genal extremities recurved, tapering to an acute angle, 

but not narrowed on the posterior surface. Occipital furrow broad and distinctly 

defined. 

Figs. 62, 63.-Cranidium of Arges wesenbergensis. var. paulianus. x 3. 

The cephalon is covered with tubercles which are coari>est over the glabellar 

lobes; on the cheeks they become scattered, vary more in size, and the coarser are 

gathered along the posterior margin. No single specimen of the head retaining 

all these parts in apposition has been observed, but in the cranidia the size is 

about the same, an average glabella measuring 5~ mm. in length; 6i mm. between 

the eyes. 

Of the thorax only a few scattered segments have been seen. 

Fig. 64.-Pygidium of a somewhat smaller individual. x 3. 

Pygidium short, transversely semielliptical in outline. The axis is convex and 

has about one-third the width of the shield on its anterior margin. Its sides are 

~traight or slightly incurved, scarcely tapering, for about one-half the length of the 

shield. Posteriorly it is broadly rounded and terminates in an elongated ridge 

which extends to, and is confluent with the marginal thickening of the shield. Three 

annulations are distinctly defined and behind these are one or more transverse rows 

of fine tubercles. The pleurm are depressed convex, thickened about the margins. 

rrhere are two distinct pleural ribs, the anterior being deeply sulcate and its two 

divisions uniting to form a single narrow, acute, moderately long spine. The second 

rib is also broadly sulcate, is much smaller than the first and its parts unite out

wardly to form a second marginal spine longer than the firi>t. Behind these two 

ribs there are two tubercled spaces extending to the median prolongation of the 

axis. On the margin, besides the first and second pairs of spines, there is a third or 

terminal pair somew hat shorter than the others, and between them and the second 

pair is a small and short accessory pair, making in all eight short, rounded spines. 

On the under side or doublure these are more flattened than above. 

-Length of average specimens 4 mm.; anterior width 5 mm. 
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Hypostoma transversely elongate, subquadrate, anteriorly convex, posteriorly 

broadly marginate. Central lobe distinctly defined and with two short, lateral, 

transverse sulci or indentations. 

FOl'mation and locality.-Trenton limestone, Minneapolis; Galena shales, St. Paul; Wykoff, Minn. 

Observations.-This species is quite abundant in the calcareous Galena shales at St. Paul, much 
more so than at t.he other localities cited. 

There can be no question as to the unity of the parts described above as there is no other species i'n 
these faunas to which any of them could be referred, and they are moreover closely. commingled in the 
fragments of rock studied. . 

The species is cnaracterized by the lobation of the head in which it corresponds to the type of 
structure represented by the genus AI'ges Goldfuss, as interpreted by Schmidt. We accept provisionaliy 
this subgeneric reference, though it is to be borne in mind that the type of Arges is a Devonian species 
( A. armatus Goldfus8). 

Upon close comparison of our specimens with those described and figured by Schmidt,* I have little 
hesitation in concluding that the two forms are specifically identical. Slight varietal differences may be 
observed in the rather more complete isolation of the lateral glabellar lobes on their posterior margin and 
in the somewhat greater length of the marginal spines of the pygiclium in the American specimens. This 
species from the Trenton-Galena, the Argesphlyctenoides Conrad, from the Niagara. a hitherto undescribed 
form from the Lower Helderbergt and the Arges contusus Hall, from the Upper Helderberg, form an 
interesting series in whir,h the 8ubgeneric characters of the cephalon are maintained throughout. Arges 
wesenbergensis is from SchmirlL's etage E, or the Wesenberg zone, associated with Plectambonites serieea 
and Strophomen'l deltoidea.! 

Subgenus PLATYMETOPUS, (Angelin) Schmidt, 1885 (emend.). 

PMTYMETOPUS CUCULLUS Meek and Worthen (sp.), 1865. 

Lichas cucullus MEEK and WOHTHEN, 1865. Proc .. Acad. Nat. Sci. Phil a., p. 266. 
Lichas cucullus MEEK and WORTHEN, ]868. Geol. Surv. Ill., vol. iii, p. 299, pI. I, figs. 6a-c. 

This species which was described from the Trenton horizon of Alexander county, 

Illinois, is characterized by the simplicity of its glabella, there being but a single 

Figs. 66, 67.-Portion of cranidium of Platymetopu8 cucullus Meek and Worthen, Galena limestone, 
Wykoff, Minnesota. 

pair of furrows, which meet the occipital ring at right angles; and by the slight 

concavity of the median lobe of the glabella on its posterior slope, which gives it a 
* Revis'on del' 09tb"H. Siluro Trilobiten, Abth. 2, p. 44, pI. VI, figs. 1-4. 1885. 

t AHOF.S OONSANGUINEU8, 1/111/1.. 111't!PflS. Tb is species may be best described as differing from A. 'I,/!ll8enhf.T(J6M8, val'. 
1"lIIlilllIllX, in t.1,e ,,,,,Tower and mUl'l, less ~onvex frontal lobe, smaller and less elevated lftterallobes, nodiform and not 

Fig. 65.-0ranidiUll1 of Arges consanguineu,~. 

annul"r t.hird lobes, larger and wore elc\'atetl ocnlar nodes, broader and wore highly arched OCCipital ring. The glabella Is, 
lIot.ably less convex, an?, taken as a. whole, proportionally smaller. The two species average ahout the same size. 
. " FroIli the Sh"~y limestone of t!le Lower Helderberg group, near Olarksville, N. Y. The type specimens have heen 
pl'f"ent.ed by t.he wr,ter tu the ~,,,v 1 ork 8t.ate lI1useum. . 

or-See S('hlllidt, Oll tue Silurian Strata of the Baltic Provinces of Hussia: Quart. Jour. Geol. Suc., !'Iov. 1882, p .. 522. 
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Hypostoma transversely elongate, subquadrate, anteriorly convex, posteriorly 

broadly marginate. Central lobe dist.inctly defined and with two short, lateral, 

trausverse sulci or indentations. 

FOT1nation and locality,-Trenton limestone. Minneapolis; Galena shales, St. Paul; Wykoff, Minn. 

Observatiolls,-Thh ~peeies is quite abundant in the calcareous Galena shales at St. Paul, much 
more so than at t,he other localities cited. 

There can be no question as to the unity of the parts described above as there is no other species in 
these faunas to which any of them could be referred, and they are moreover closely, commingled in the 
frag-mcnts of rock studied. ' 

The species is characterized by the lobation of the head in which it corresponds to the type of 
structure re]Jresented by the genus Al'ges Goldfuss, as interpreted by Schmidt. We accept provisionally 
this subgeneric reference, though it is to be borne in mind that the type of Arges is a Devonian species 
(A. armatus Golclfuss). 

Upon close comparison of our specimens with those described and figured by Schmiclt,* I have little 
hesitation in concluding that the two forms are speCifically identical. Slight varietal differences may be 
obsefYed in the rather more complete isolation of the lateral glabellar lobes on their posterior margin and 
in the somewhat greater hwgth of the marginal spines of the pygidium in the American specimens. This 
species from the Trenton-Galena, the Argesphlyctenoides Conrad, from the Niagara. a hitherto undescribed 
form from the Lower Helderbergt and the Arges contusus Hall, from the Upper Helderberg, form an 
interesting series in whir,h the 8ubgeneric characters of the cephalon are maintained throughout. Arges 
wesenbergensis is from Schmidt's 0tage E, or the Wesenberg zone, associated with Plectarnbonites sericea 
and StTopllOmen'1. cle/toidea,l 

Subgenus PLATYMETOPUS, (Angelin) Schmidt, 1885 (emend.). 

PLATYMETOPUS CUCULLUS M~eek and TifTorthen (sp.), 1865. 

Liehas C1(CU1l11S MEEK and WOltTHEN, 1865. Proc .. Acar1. Nat. Sci. Phil a., p. 266. 
Lichas cucullus MEEh~ and WOllTlIEN, 1868. Geo!. Surv. IlL, vol. iii, p. 299, pI. I, figs. 6a-c. 

This species which was described from the Trenton horizon of Alexander county, 

Illinois, is characterized by the simplicity of its glabella, there being but a single 

Figs. 66, 67.-Portiun of craniclium of Platymetopus cucullus Meek and Worthen, Galena limestone, 
WykofI, Minnesota. 

pair of furrows, which meet the occipital ring at right angles; and by the slight 

concavity of the median lobe of the glabella on its posterior slope, which gives it a 
.f' Revis:on der ostbalt. ::;ilur. Trilobiten. Abtlt. 2, p. 44, pI. VI, figs. 1-4. 1885. 

"!' ABOES U()NSANnUINEU~, WH/L ]J1'f/.jJfls. This species may be best described as diiTerinp; from A. 'U.lesen,}je.roen.~.is1 var. 
1IIIIlIiffllll .... , ln t.llC' !lal'r'owC'I' nncl rlttle'll lE'~s r:'ullvex frontal lobe, smaller an(l less elevated latera.l1obes. llodiform and Dot 

Fig. GS -Ora,nidi urn of Arges consanguineus. 

a.ll n ular t.hird lobes, larger and Ill()I'e elovate(l ()('ular node9, broader and nJore highly arched occipital ring. The glabella is 
Ilotably less coo vex, and, tak(~.n as:J. whole. proportiollally smaller. The two species average about the same size. 

Fro"l the Hlmly IilllestUtle of tlte Lowe.r Helderberg group, near Clarksville, N. Y. The type specimens have been 
~rt'sl'nt,ecl iJy t.he WrIt,er tu thl' ~"W York SLat.e l\ll1seurl1. . 

:~S"e S .. lllllidt. Ou thc' Sillll'iall Str'ata uf the Balti<; PrOVinces of Russia: Quart. Jour. Geol. Sue., ~ov. 1882, p, 522. 
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peculiar subconical protuberance. It is mainly in the latter feature that the species, 

so far as its parhs are known, differs from the Lic/trts trentonensis Conrad. A well 

preserved glabella of P. cucullus occurs among the material from the Galena lime

stone of Wykoff, Minnesota, loaned by Dr. Rohbin:;:, and a fragment which may 

. represent the same species comes from the Trenton beds ~Lt .J anesville, Wisconsin 

(Museum No. 8414). 

PLATYMETOPUS ROBBINSI Ulrich, (sp.), 1892. 

Lichas (Hoplolichas) robbinsi ULRICH,1892. Two new Lower Silurian Rpecies of Lichas (Subgenus 
Hoplolichas). Amer. Geologist, vol. x, No.5, p. 271, figs. la-b. 

The original and, as far as I am aware, the only observed specimen of this 

species, is a cranidium lacking only the anterior portion of the glabella. The species 

is an interesting addition to the American lichads and presents some especially 

noteworthy features. Among these is the stout baculiform anterior extension of the 

frontal lobe of the glabella, which appears to be homologous with the produced 

lobe of the well known lower Silurian species, L. celorrhin Angelin* and L. pachy-

, ryncha Dalman, var. longirostrata Schmidt,-l- rather than with such spinous processes 

as those possessed by L. bicomis Ulrich, Hoplolichas tricu,spidata Beyrich and H. 

proboscidea Dames. 

The character of the glabellar furrows, also, is of importance. These are very 

. narrow and sharply impressed, have the usual degree of curvature anteriorly, but 

posteriorly become quite parallel and straight, debouching in the equally narrow 

occipital furrow at right angles. Thus, as in so many of the American Silurian 

species of Lichas, these grooves represent the continuous anterior and posterior 

~furrow8, the median pair being lost by the coalescence of the first and second lobes. 

The third pair of lobes we regard as obsolete. 

Figs. 68, 69.-The cranidium of Platymetopus robbinsi Ulrich; with outline profile. 

Elsewhere we have expressed the conviction that the lobat~on of the glabella 

must begiveIi first importance in the subdivision of the genus Lichas, and the nature 

- of this lobation with the tohal 103s of the third lobes places this species with the 
* ~almontologia scandlnavica, pt. i, p. 69, pI. XXXV; figs. la-c. 1878. 
tachmidt, Re"ls.'d. ostbalt. Elllur. Trilob. ii. Acidaspiden u. Lichiden, pI. 1. fig. 12. 1858. 

~ .. \ 

TRILOBITES. 747 
PlatymetopiIs robbinsLl 

peculiar subco.nical pro.tuberance. It is mainly in the latter feature that the species, 

so. far as its parts are kno.wn, differs fro.m the Licl~((s trentonensis Conrad. A well 

preserved glabella o.f P. cucullus occurs among the material from the Galena lime

sto.ne of Wykoff, Minneso.ta, lo.aned by Dr. Rohbins, and a fragment which may 

represent the same species comes from the Trenton beds at Janesville, Wisconsin 

(Museum No.. 8414). 

PLATYMETOPUS ROBBINRI Ulrich, (sp.), 18\)2. 

Lichas (Hoplolichas) Tobbillsi ULlucrr, 1892. Two new Lower Silurian "pecies of Lkhas (Suligenns 
Hoplolichus). Amer. Geologist" yo1. x, No.5, p. 211, jIgs. la-b. 
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ryncha Dalman, var. longirostrata Schmidt,';' rather than with such spinous processes 

as thosepo.ssessed by L. bicornis Ulrich, Hoploliclws tricnspidata Beyrich and H. 

proboscidea Dames. 

The character of the glabellar furrows, also., is of importance. These are very 

narrow and sharply impressed, have the usual degree of curvature anteriorly, but 

posteriorly become quite parallel and straight, debouching in the equally narrow 

occipital farrow at right angles. Thus, as in so many of the American Silurian 

species of Lichas, these grooves represent the continuous anterior and posterior 

'furrows, the median pair being lost by the coalescence of the first and seconcllobes. 

The third pair of lobes we regard as obsolete. 

Figs. 68, 69.-The cranidium of Platymetopus Tobbinsi Ulrich; with outline profile. 

Elsewhere we have expressed the conviction that the lobat~on of the glabella 

must be given first importance in the subdivision of the genus Lichas, and the nature 

. of this lobation with the total loss of the third lobe3 places this spacies with the 
* Palmontologia scandlnavlca, pt. i, p. 69, pI. xxxv; figs. la·c. 1878. 

fSchmidt, Revis:d. ostbalt. Rilur. Trilob. Ii. Acidaspiden n. Lichidell, p1. 1. fi~. 12. 1858. 
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subgenus Platymetopus. I regret being unable to concur with Mr. Ulrich's reference 

of this and the following species to Dames' proposed subdivision Hoplolichas, but in 

the latter the third lobes are well defined. Dames ascribed much importance to, 

and indeed, found the suggestion of his term in the stout, sometimes forked spine 

borne by the occipital ring, * while the possession of anterior extensions of the frontal 

lobe, though of much the same significance structurally, is taxonomically unessential. 

It would seem, in fact, that if there is any basis for the admission of the division 

Hoplolichas, it lies in the presence of this ornamental or defensive character. The 

original specimen of P. robbinsi is broken near the center of the occipital ring but 

there is no indication that it possessed a central nuchal spine. 

In the possession by different subgenera of Lichas, of similar frontal extensions 

of the glabella, as in L. (.M"etopias) pachyrhynclw, var. longirostrata Schmidt, L. 

(Hoplolichas) proboscidea Dames and L. (Platymetopus) robbinsi Ulrich, we find an 

instance of morphic equivalence in a certain structural character coexisting with 

subgeneric features essentially distinct. 

Formation and localitll.-Platymetopus robbinsi is from the middle beds of the Galena limestone, at 
Wykoff, Minnesota. (Collection of Mr. E. O. Ulrich). 

PLATYMETOPUS BICORNIS Ulrich, (sp.), 1892. 

Lichas (Hoplolichas) bicornis ULRICH, 1892. Two new Lower Silurian species of Lichas (Subgenus 
Hoplolichas); Amer. Geologist, vol. x, p. 272, figs. 2a-b. 

This interesting species has precisely the same character of glabellar lobation 

as the preceding, and the remarks made upon the generic relation of the former 

apply as well to this. In the possession of a pair of divergent spines on the frontal 

lobe it would seem to bear a similar relation to Hoplolichas tricuspidata Beyrich, as 

P. robbinsi does to H. proboscidea. The characters of the species, as far as known 

from a single cranidium, have been sufficiently described by Mr. Ulrich, and will be 
apparent from the accompanying figures. 

Figs. 70, 71.-Cranidium of Platymetopu8 bicomis Ulrich, with outline profile. 

Formation and loality.-Hudson River grouLJ; two miles east of Spring Valley, Minnesota. (Collection· 
of Mr. E. O. Ulrich). . 

* See Dall1es, Zeitschr. d. deutsch. geolog. Gesellsch., vol. xxix., p. 794, pI. 12-14, 1877. 
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Subgenus CONOLICHAS, Dames, 1877. 

CONOLICHAS CORNUTUS n. sp. 

The specimen to be described was entire when found, but before coming into 

my handEl, suffered from unskillful manipulation to such an extent as to obscure the 

lobation of the glabella and the segmentation of one side of the thorax. Notwith

standing, the condition of its preservation is much better than can usually be hoped 

for, in this group of fragile trilobites, for a Lichas with its parts in normal juxtaposi

tion is a rare occurrence. 
Cephalon transverse; narrowed and attenuate toward the lateral extremities; 

Figs. 72, 73.-Conolichas cornutus. 

greatly elevated axially. Length 11 mm.; width 31 mm. Glabella prominent; 

anterior margin the arc of an ellipse, projecting conspicuously beyond the general 

outline of the shield. The surface is convex, rising in a deep curve from the anterior 

margin to a well defined apex, marked by the base of a strong spine. This point is 

St mm. above the horizontal plane of the anterior margin. The lateral slopes of the 

glabella are less curved, and the posterior slope is long, straight or slightly incurved. 

The lateral and posterior lobes of the glabella are so obscured that only the delimi

tation of the former can be made out. It is evident that no middle glabellar furrow 

existed, but the anterior and posterior furrows were confluent and continuous. This 

furrow, -originating on the anterior margin, rises nearly vertically along the sides of 

the glabella, making at first a slight inward curve. and, at about one-half the length 

of the median lobe, curving outward, terminating near or in the occipital furrow. 

The lateral lobes thus set off are large, though they were probably not greatly 

elevated, and represent the first and second lateral lobes of species in which the 

median glabellar furrow is developed. Whether the third or occipital lobes existed 

cannot be ascertained. Cheeks elongate and tapering; out slightly curved posteriorly 

toward their extremities; Where they unite with the glabella they are so much 
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narrower than it as to effect an abrupt indentation in the ante-lateral margin. Their 
posterior margin is slightly concave, and from this incurvature the cheeks are made: 

to stand away from the thorax, as in Arges, etc. Their surface is convex and the 

slope rather the more abrupt on the posterior side. 

Thorax subquaurate, narrowing -posteriorly, composed of nine segments, the 

first of which is obscured. Length of this part (entire), 20 mm.; anterior width 30-

mm. Axis proportionally broad; on the anterior segments having rather more than 

one-third the width of the thorax, but relatively narrower behind. Each segmen~ 

is flat or depressed convex, and there are no nodes or thickenings at their junction 

with the axial furrow. The axis is regularly convex, and the lateral furrows broad 

and not deeply impressed. Pleurm flat for about one-third of their width, the outer 

moiety being evenly deflected. Segments broad, recurved and tapering to acute 
terminations. 

Pygidium comparatively large, being 17 mm. in length, which is more than one

third the length of the entire animal. Axis very prominent, tapering gradually to a 

blunt protuberance at about two-thirds of its length, whence the surface becomes 

abruptly depressed, and the marginal furrows incurve, meeting on the posterior mar

gi~. The elevated portion of the axis bears one distinct annulation, and a second one 

whose posterior groove does not extend to the axial furrows. The ribs of the pleural 

are in three pairs. Each is broad, gently con vex, the pleural grooves being narrow 

and sharply incised. Adjoining ribs are united for rather more than one-half their 

length. The first two pairs are elongate lanceolate, curving backwards. Both of 

these pairs bear linear grooves on their surface. The members of the third or 

posterior pair are rhombiform, still with a slight inward curve toward the axial 
line. 

The surface is covered with fine and coar::;er tubercles or pustules. which are 

especially conspicuous upon the pygidium and axi~ of the thorax. There is no 

evidence of any other spine upon the test than that rising from the apex of the 
glabella. 

Formation and locality.-Middle Trenton limestone, Trenton Falls, N. Y. 
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OBSERVATIONS ON THE SUBORDINATE GENEIUC RELATIONS OJ!' 'rHl~ AMERICAN SPECIES 

OF LICHAS. 

Probably in no genus of Trilobites are the characters upon which dependence is 

usually placed for taxonomy, so variable as in Liclws. Hence arises the fact that 

essays toward sub generic division of the very considerable number of known species 

have been of but very restricted utility. 

The lichads were thin-shelled Crustacea, and in the tenuity of the test and its 

ready adaptation to modifications of the interior may be found one cause of the wide 

variation in the form of lobes and protuberances, the length of grooves and ridges 

of the surface. In this respect the genus stands in strong contrast to such compact 

and thick-shelled genera as Phacops where the parts of the test have become rigidly 

condensed and present throughout the existence of the genus a stable resistance 

to all modifying agencies. 

The subdivisions of the genus Lichas which have been suggested by the eminent 

investigators, Angelin, Fr. Schmidt., Dames, and Hall, may perhaps be characterized 

as well adapted to the material which the authors had before them, and to strictly 

typical specimens, but losing a degree of applicability when a more extended use of 

them is attempted. Such a criticism is easily made of any classification, and it is 

sufficiently evident that these authors were alive to the difficulties presented by these 

multiform species. 
There has been a diversity of opinion as to the best basis of subdivision. The 

majority of students have, perhaps, made use of the variation in the lobation of the 

glabella, as the most conspicuous and essential source of structural difference, and 

there can be no doubt of the primary importance of such variation in the trilobites 

generally. Some authors, appreciating the instability of the characters of the head, 

have had recourse to the differences in the structure of the pygidium; but this is, 

also, an equally variable part. It is evident that any satisfactory classification must 

take into consideration concomitant va,riations of all the parts, and in this respect, 

the elaborate work of Dr. F. Schmidt upon the Silurian species of the East-Baltic 

Provinces must be regarded as the nearest approximation to a successful classification. 

Barrande, conservative in his treatment of the classification of all the trilobites, 

recognized no subgeneric divisions; and this is by far the easiest solution of the 

taxonomic difficulties arising in the group, but the structural, faunal and strati

graphical value of modifications of the generic type are thereby left in obscurity. 

Subgeneric divisions are inadmissable or useless in series of compact acmic forms 
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like Phacops, Trinucleus, etc., or a slightly oscillating group like Proetus, but the 

plastic Lichas, presenting the widest range of variation, affords an excellent 

opportunity for empiric skill at classification. 

The typical species of the genus Lichas is the L. laciniat1Js (Wahlenberg)* 

Dalman, founded upon a pygidium, an outline copy of the original figure being 

Fig. 74.-0utline of pygidium or Lichas laciniatus Wahlen berg (after Dalman). 

introduced in this place. The remaining structure of the species is not known; but 

the pygidium bears two broadly falciform extensions on each side, and terminates 

in a single acute undivided median lobe. It is quite similar to the pygidium referred 

to Platy notus trentonensis Conrad, given by Hall;-!- and if the imperfect cephala from 

the Trenton limestone of New York given by this author represent the same species 

as the entire individual quoted and figured in the work cited as from the blue lime

stone of Ohio, the cephalic structure of Lichas in iti::l typical or restricted meaning is 

very simple, the lateral furrows debonching at right angles in the occipital furrow, 

there being no middle grooves and no third lobes.t This is the structure of the New 

York specimens of L. trentonensis, of which the pygidium is not definitely known, 

that referred by Hall (loc. cit., fig. Ib) to this species, being probably a part of our 

Conolichas cornutus. This structure, however, is the same as that predicated of 

Platymetopus Angelin (as interpreted by Schmidt). We have therefore to face a 

dilemma in the application of these terms. The precise value of the restricted term 

Liclws is not yet demonstrated, but knowing the meaning of Platymetopus we may 

provisionally employ the term while awaiting fuller evidence of its relation to the 
• Uebcl' die Pal;:e.aden, pp. 53,71,72, pl. VI, fig. 1,1828. 

t Palroontolo)1:Y of New York, vol. i, pl. CXIV, fig. Ie. 

. t To illustl'ate the nornmllobation of the cephalon in the highest development of the lichad type of structure a figure 
IS here rcproduced of tbe L. palmata Beyrich. (Barrande, Byst. Bil, vol, i. pl. XXVIII. fig. 45,) 

Fig. 75.-Glabella of Lichas palmata Beyrich. ":: (After Barrande.) 
d. dorsal furrows. 
a. median or frontal lobe. 
1',2',3'. anterior median and posterior lateral lobes. 
1,2,3. anterior median and posterior lateral furrows. 
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true Lichas. A difficulty, more apparent than real, in a,ssigning the spe0ies of 

lichads to their natural groups, arises from the frequent recurrence of extravagant 

styles of Qrnament,ation in groups having a totally different character of cephalic 

lobation. Thus in Metopias, Platymetopus and Hoplolichas may occur a long, club-like 

extension ofthefrontal lobe; Platymetopus and Conolichas may both have subconical 

frontal lobes, concave on their posterior slope; Platymetopus and Hoplolichas may 

have the frontal lobe garnished with erect tubercle-spines. These are instances of 

morphic equivalence in diverse groups, which cannot be accorded a high significance 

in the association of the species. 

We may suggest the following subgeneric division of the North American 

species of Lichas: 

ARGES, Goldfuss --Middle glabellar furrows obsolete, posterior furrows more or less indistinct; 
outer lateral marg-ins of glabellar lobes convex; third lobes obsolete. Pygidium with 2-3 
annulations on the axis, and narrow, round spines on the margin. A longiturlinal ridge extends 
from the extremity of the axis to the margin. Elevated portions of the body often echinate. 

A. wesenbergensis Schmidt, val'. paulianus Clarke. Galena. 
A. phlyctenoides Green. Niagara. 
A. consanguineus Clarke. Lower Helderberg. 
A. contusus Hall. Upper Helderberg. 
L. (Conolichas) hispidus Hall. Upper Helderberg. 
L. (Oonolichas) eriopis Hall. Upper Helderberg. 
The last two seem to be more at home here than in the subgenus Conoliehas, on account of substan

t,ial differences from the latter in glabellar lobation and forrH of the pygidium .. 

PLATYNOTUS, Conrad.-Glabella depressed; middle furrows obsolete; frontal lobe depressed at its 
narrowest point; third lobes obscure, but present. Pygidium with three pairs of broad, acute, 
fiat spines; axis short with 1-2 annulations. 

L. harrisi Miller. Hudson River. 
L. boltoni Bigsby. Niagara. 

fL. nereus Hall. Niagara. 
L. breviceps Hall. Niagara, 

PLA'l'YMETOPUS, (Angelin) Schmidt.-Lateral glabellar furrows open directly into the occipital 
furrow; no third lobes; all lobes depressed-convex, all furrows narrow; dorsal furrows con
cave inward. Pygidium with two pairs of lateral spines and a bluntly bispinous caudal 
termination. 

L. jukesi Billings. Quebec. 
L. minganensis Billings. Chazy. 
L. trentonensis Hall. Trenton. 
L. cucullus Meek and Worthen. Trenton, Galena. 
L. robbinsi (J]rich. Galena. 
L. bicornis Ulrich. Galena. 

CERA'l'OLICffAS, Hall and Clarke.-Frontal lobe elevated, laterallobetl large and highly convex, 
all spiniferous; third lobes absent. OCCipital ring broad, with double axial spine. Dorsal 
furrows convex. Ocular node very small. Border broad. 

C. dracon Hall. Upper Helderberg. 
C. gryps Hall. Upper Helderberg. 

TERATASPIS, Hall.-Frontallobe ovoid, constricted below; dorsal and lateral furrows very broad; 
lateral lobes not sharply defined, highly elevated, directed posteriorly, spinous. Occipital ring 
very broad centrally, with baculate processes. Pygidium with four pairs of long, spiniferous 
caudal processes. 

T. grandis Hall. Upper Helderberg. 
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THE PALEONTOLOGY OF MINNESOTA. 
lProetus parviusculus. 

HOPLOLICIIAS, Dames.-Frontal and lateral lobes equally convex; occipital lobes present. Occip
ital ring with median simple or forked spinto No typically developed representative of this 
group is known to oeem in American faunas. The fossil described as L. (Hoplolichas) hylceus 
Hall, from the Upper Helderberg group, known only from a portion of its cephalon, appears to 
be the nearest of any to this type of structure. 

CONOLICHAS, Dames.-Frontal lobe highly elevated or conical. Occipital lobes conspicuous. 
Pygidium with two pairs of falcate spines and a broadly bispined terminal lobe. 

C. cornutus Clarke. Trenton. 

The L. (Conolichas) pustulosus Hall, of the Lower Helderberg, has a totally distinct 

form of pygidium, v\'ith but two pairs of broad lateral spines and a broad, undivided 

terminal lobe, like some of the forms of Homolichas~ while the glabella with its 

elevated frontal lobe is unlike that of the latter subgenus and more similar to 

Conolichas, save in the absence of the occipital lobes. The composition of this 

species is peculiar and it will probably be found to stand as a distinct type of 

structure. L. (Conolichas) hispidus Hall, and L. (Conolichas) eriopis Hall, appear to 

be less like the normal Conolichas of the Silurian than the typical Arges of the 

Devonian. 

There are some American species which can not be placed with any of the 

foregoing divisions. Of these the one best known in all its parts is the L. halli 

Foerste (with which L. ,t'aberi Miller is synomymous), from the Hudson River group 

of Cincinnati, Ohio. This species is close in all structural features with L. margari

iljer Nieszkowski, from the Lyckholm beds of the Baltic provinces, or uppermost 

Lower Silurian; and for the latter Schmidt was unable to find a place among any of 

the subgenera adopted by him. The head has a broad and not very convex frontal 

lobe, sharply isolated lateral lobes, distinct occipital lobes and prominent ocular 

nodes. The pygidium has two broad spines on each side, and a rounded terminal 
lobe divided by a short anel sharp median incision. 

PROETUS PARVIUSCULUS Hall, 1866. 

Proetus pal'viu8c,ulus HALL, 1866. Adv. Sheets, Twentieth Rept., N. Y. State Cab. Nat. Hist., p.17. 
Proetus parviusculus HALL, 1872. Twenty-fourth Rept .. N. Y. State Mus. Nat. Rist., p. 223, 

pl. nIl, tlg. 14. . 
Proet11s pal'viusculus HALL and WHITFIELD, 1875. Palffiontc.logy of Ohio, vol. ii, p. 109, pI. IV, 

fig. 18. 

A few fragments, cranidia, free cheeks, and a single pygidium, of this species 

have bEen observed in rocks from the base of the Galena shales at St. Paul. Some 

of the glabellas, through compression, have the lobation more distinct than in the 

usual forms from Cincinnati; and in all, the granulation of the entire surface is a 
conspicuous feature. (Collection of Mr. Ulrich). 
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Ral'pina minnesotensis.1 
TRILOBITES. 755 

Genus HARPES, Goldfuss, 1839. 

Subgenus HARPIN A, N ov{(,k. 

HARPIN A MINNESOTENSIS, n. sp. 

The original of this evidently new form is a part of a cephalon (considerably 

more than one-half), preserving the outline of the frontal and later~l limb and the 

configuration of the surface. The anterior curve is subsemicircular, broadly round

ing to the sides where the margin is straight for a considerable distance, thence 

incurving rather abruptly at the angles of the genal expansions. The outline thus 

formed may be termed subquadrate-ungulate, and its peculiar curve is a distinguish
ing character of the species. 

Fig. 76.-0epbalon of Harpina minnesotensis. 

General surface of cephalon moderately elevated. Glabella subtrigonal, tapering 

anteriorly to an obtusely rounded extremity. Length about one-half that of the 

cephalon axially; slightly greater than the width across the base. The top of the 

glabella is somewhat abraded but its lobation is quite distinct, showing that the 

frontal lobe is long and conical, extending for about one-third the glabellar length, 

the first pair of lateral lobes faint, the second pair a little longer; the third pajr is 

comparatively large, ovoid, attached by a narrow neck to the basal and most elevated 

portion of. the glabella. Of the glabellar furrow::; the third are largest and deepest. 

Occipital furrow broad and shallow; occipital ring narrow in the middle widening to 

the a~ial furrows. The frontal limb is broad, convex just in front of the glabella 

becoming deeply concave and elevated at the margin, to the full hight of the glabella. 

This general concavity of the marginal area is continued over the cheek, to the 

extremity of the cheek-spine, becoming, however, less, posteriorly. The outer 

marginal rim is thickened all around; the inner margin elevated but not thickened 

except at the continuation of the occipital ring on the cheeks. Eyes situated in a 

transverse line which crosses the glabella at about one-third its length from the 

anterior extremity, elevated and widely separated from the glabella by the broad 

dorsal furrows. A low ocular ridge extends from them obliquely backward toward 

the posterior extremity of the glabella. 

Harplna mlnnesotensls., 
TRILOBITES. 755 

Genus HARPES, Goldfuss, 1839. 

Subgenus HARPINA, Nov(dL 

HARPIN A MINNESOTENSIS, n. sp. 

The original of this evidently new form is a part of a cephltlon (considerably 

more than one-half), preserving the outline of the frontal and lateral limb and the 

configuration of the surface. The anterior curve is subsemicircular, broadly round

ing to the sides where the margin is straight for a considerable distance, thence 

incurving rather abruptly at the angles of the genal expansions. The outline thus 

formed may be termed subquadrate-ungulate, and its peculiar curve is a distinguish

ing character of the species. 

Fig. 76.-Uephalon of Harpina minnesotensis. 

General surface of cephalon moderately elevated. Glabella suhtrigonal, tapering 

anteriorly to an obtusely rounded extremity. Length about one-half that of the 

cephalon axially; slightly greater than the Width across the base. The top of the 

glabella is somewhat abraded but its lobation is quite distinct, showing that the 

frontal lobe is long and conical, extending for about one-third the glabellar length, 

the first pair of lateral lobes faint, the second pair a little longer; the third pair is 

comparatively large, ovoid, attached by a narrow neck to the basal and most elevated 

portion of. the glabella. Of the glabellar furrows the third are largest and deepest. 

Occipital furrow broad and shallow; occipital ring narrow in the middle widening to 

the a~ial furrows. The frontal limb is broad, con vex just in front of the glabella 

becoming deeply concave and elevated at the margin, to the full hight of the glabella. 

This general concavity of the marginal area is continued over the cheek, to the 

extremity of the cheek-spine, becoming, however, less, posteriorly. The outer 

marginal rim is thickened all around; the inner margin elevated but not thickened 

except at the Qontinuation of the occipital ring on the cheeks. Eyes situated in a 

transverse line which crosses the glabella at about one-third its length from the 

anterior extremity, elevated and widely separated from the glabella by the broad 

dorsal furrows. A low ocular ridge extends from them obliquely backward toward 

the posterior extremity of the glabella. 



756 THE PALEONTOLOGY OF MINNESOTA. 
[Harpina minn8sotensis. 

Surface deeply pitted over the free cheeks and marginal expansions. The 

punchB are circular, large, attaining their greate.st size where the surface is most 

deeply concave. They appear not to be confluent at any place, but become obsolete 

on the marginal rim. 

The single specimen observed has an axial length of 12i mm.; length to end of 

cheek spine, 23 mm.; basal width 26 mm. 

It is hardly necessary to indicate the particulars in which this fossil differs from 

the described species of Harpes. The character of the ornamentation, the form of 

the glabella and its lobation, the absence of broad, loba,te expansions about the basal 

angles of the glabella, the oblique direction of the ocular ridges, as well as the curve 

of the marginal outline, are::l,11 distinctive characters. 

Hurpes is a genus which is not abundantly represented in species in any country, 

though its species are found from the Lower Silurian to the middle Devonian. It is 

a curious fact that all American species are from the Lower Silurian with the possi

ble exception of the H. consuetus Billing..:, from the Island of Anticosti, which may 

belong to a middle Silurian, or a Hudson River-Clinton fauna. In Bohemia none 

of the forms described by Barrande are from the Lower Silurian but are distributed 

throughout the Upper Silurian and lower Devonian, while in Germany it ranges 

through the Devonian faunas disappearing with the fauna of Gonitatites intumescens 
(Intumescens-kalk). 

The late Dr. Ottomar Novc'tk called attention* to the intermittent occurrence of 

Harpes in the faunas of the Bohemian basin. Two of the eleven known species 

appear early in the Lower Silurian (etage Dd, but from that horizon to the Mage E2 

Fig. 17.-IlypostollJa of Harpes 1:enulosus Fig. 78.-Hypostoma of Harpinaprima,enlarged . 
Corda, enlarged. IEt~ge 1<'2)' After Novak. (Etage D2). After Novak. 

including five of Barrande's stratigraphical divisions, there is no evidence of its 

existence. N OViLK, suspecting a structural difference between the Lower and Upper 

Silurian species, which is not apparent from the exterior except in a less un mber of 
'Studion an Uypo,tofllen der l)i>hm. Trilobiten, No. Ii, p. 4, pI. 1,1884. 
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'StudiCI1 an Uypo;;tofllen der l)i;hrn. Trilobiten, No. ii. p. 4, pl. 1,1884. 



TRILOBITES. 757 
Harpina otl awensls.] 

thoracic segments in the former, investigated the nature of the hypostoma of both 

and found therein differences so notable that he introuuced the name Harpina for 

the early Silurian species; a term which we retain as probably applicable to all our 

American forms. 

Formation and locality.-From the middle portion of the Galena limestone, Hader, Minnesota. 
Collector, Mr. E. O. Ulrich. 

HARPINA, cf. H. OTTA WENSIS Billings (sp.). 

Among the material obtained from Dr. Robbins is a large horseshoe-shaped 

impression of the exterior of the submarginal doublure of the head-shield. It is 

quite flat and its ornament apparently consisted of a great number of fine punctrn 

of about equal size except along the inner margin where they are larger and 

confluent in radial lines, forming a series of short divergent furrows. The marginal 

• 

Fig. 79.-Harpina, cf. H. oltawensis Billings. 

outline of the shield is quite similar to that of H. oUawensis Billings,* of the Trenton 

limestone of the city of Ottawa. Indeed, the specimen conforms almost exactly in 

size and curvature with the original figure of that species. We have above observed 

that species with a concave cephalon may have a perfectly flat doublure, and I am 

disposed to believe that this specimen probably represents an individual of H. 

ottawensis, with which it presents an additional point of agreement in the character 

of the surface punctrn. 

Formation and locality.-Galena limestone, Wykoff, Minnesota. 

HARPINA RUTRELLUM, n. sp. 

An hitherto undescribed species is represented by a head-shield with the 

following characters: Size moderately small, outline sub semicircular. Surface 

convex, somewhat depressed above; marginal border not so broad as in H.1J1,inneso

tensis; deeply concave. Margin thickened, smooth and slightly upturned. Genal 

extremities not retained. Glabella subconical, extending more than one-half the 
*Palreozo!c Fossils, vol.!, p, 182, fig. 165, 1865. 
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[Harpin a rutrel1um. 

axial length of the shield, anterior extremity narrow and obtuse. Basal lobes very 

broad and large, together making the glabella considerably broader at the occipital 

ring than it is long. These lobes are separated from the glabella by short, posteriorly 

oblique lateral furrows, and from the cheeks by deep grooves which are abrupt and 

( 
Figs. SO, SI.-Portion of cephalon of Harpina nttrellum, witt sectional outline showing the charac

ter of the doublure. 

ridged on their outer margins. The occipital ring is narrow, elevated and well 

defined over about one-half the extent of the cheek. Cheeks somewhat flattened 

above, abruptly deflected to the concave margin. Eyes sma]}, nodiform, distant 

from the glabella and situated in a transverse line cutting the shield at its center. 

Surface of convex portion of shield covered with coarse, deep, irregular punctures 

which are coarsest aTJout the eyes and on the anterior slope of the shield, become 

finer and more nearly circular about the margin. The glabella is covered with 

shallow, irregular pits, while the basal lobes and occipital ring are smooth. Doublure 

flat, its width equalling that of the concave part of the upper surface; thence it is • 
bent upwards at a right angle, its distal portion becoming parallel to the anterior 

slope of the shield, as in the accompanying figure. The outer surface of the flat 

area is covered with large and very coarse circular punctffi. Length of specimen 

9 mm.; probable width at base, 16 mm. 

Though there is but a single example of the head, the characters above given 

are sufficiently distinctive. Whether a second specimen showing only the flat 

portion of the doublure belongs to the same species it if:> impossible to decide 

definitely, though the character of the punctation is essentially similar, and the 

vertical section shows that the upper surface was concave about the margin. 

Perhaps the species most closely allied to ours is Prof. Hall's Harpes escanabce* from 

the Trenton horizon on the Escanaba river. This was based upon the marginal 

rim of a small cephalon described as being strongly pitted with the punctffi arranged 

along the outer and inner edges of the finer and more abundant perforations in the 

middle. This agrees with the character of the under surface of the second of our 

specimens, but not with the upper surface of the first and more typical example. 

Harpina 1'utt>ellum may also be compared with H. antiquata Billings. of the Chazy 
limestone. 

Formation and locality.--The cephalon described is from the Galena beds at Oannon Falls Minn. 
(Mr. Ulrich's collection); and the fragment of the doublure is from the Trenton at Minneapolis (Museum 
No. 8420). 

* Foster and Wllitney's Rept. Geology of Lake Superior, p. 211, pI. XXVII. fig. 2a, 1851. 
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flat, its width equalling that of the concave part of the upper surface; thence it is • 
bent upwards at a right angle, its distal portion becoming parallel to the anterior 

slope of the shield, as in the accompanying figure. The outer surface of the flat 

area is covered with large and very coarse circular punctffi. Length of specimen 

9 mm.; probable width at base, Hi mm. 

Though there is but a single example of the head, the characters above given 

are sufficiently distinctive. Whether a second specimen showing only the flat 

portion of the cloublure belongs to the same species it if:; impossible to decide 

definitely, though the character of the punctation is essentially similar, and the 

vertical section shows that the upper surface was concave about the margin. 

Perhaps the species most closely allied to ours is Prof. Hall's Harpes escanaba:;* from 

the Trenton horizon on the Escanaba river. This was based upon the marginal 

rim of a small cephalon described as being strongly pitted with the punctffi arranged 

along the outer and inner edges of the finer and more abundant perforations in the 

middle. This agrees with the character of the under surface of the second of our 

specimens, but not with the upper surface of the first and more typical example. 

Hat'pina J'utrellum may also be compared with H. antiquata Billings, of the Chazy 
limestone. 

Formation and locality.--The cephalon described is from the Galena beds at Oannon Falls Minn. 
(Mr. Ulrich's collection); and the fragment of the doublure is from the Trenton at Minneapolis (Museum 
No. 8420) . 

• Foster and Wltitney's Rept. Geology of Lake Superior, p. ~11, pI. XXVII, fig. 2a, 1851. 



-Cyphaspis galenensis. J 
TRILOBITES. 759 

Genus CYPHASPIS, Burmeister, 1843. 

CYPHASPIS ~ GALENENSIS, n. sp. 

This name is applied to a single minute cranidium bearing an ellipsoidal, very 

convex glabella surrounded by deep dorsal furrows and tapering about equally 

toward both extremities; and with narrow convex fixed cheeks. All evidence of the 

lobation of the glabella is very obscure, indeed consisting only of a slight lateral 

indentation on one side, at about the middle of its length, and of three equidistant 

elevated lines on the other. The surface is smooth or very faintly granulose on the 
glabella and more coarsely papillate on the cheeks. 

Fig. 82.-0ranidium of Cyphaspist galenensis. (x 5). 

The fossil evidently represents an undescribed species and may therefore take 

the name here proposed, but its generic relations remain quite uncertain. In 

general appearance, form of glabella, convexity of cheeks and curve of facial 

sutures, it is like Cyphaspis, but it altogether lacks the basal glabellar lobes of that 

genus. 

Two other species from the Lower Silurian faunas of America have been referred 

to Cyphaspis: C. girardeauensis Shumard,* a normal representative from the Trenton 

horizon, and C.? brevimarginata Walcott,t from the Pogo nip group of Nevada, a 

form having characters not unlike those of C. ? galenensis. 
• Geol. Rept. Missouri, p. 197, pI. VIII. fig. 11, 1855. 
t Paheont. Eureka District of Nevada, p. 93, pI. XlI, fig. 10, 1884. 

Formation and locality.-'I'he Minnesota specimen is from the Galena shales at Cannon Falls .. 
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COMMUNICATION. 

Professor N. H. WINCHELL, State Geologist. 

SIR:-At your reque~t I have prepared the following chapter, embracing descriptions of the Cephalo

poda of the Lower Silurian rocks of Minnesota, which is herewith respectfully transmitted. 

I have the honor to remain, sir, 

Very truly yours, 

JOHN M. CLARKE. 

ALBANY, N. Y., September 10, 1894. 
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THE J~OWER SILURIAN C;EJ?I-IAI-iO
PODA OF MINNES()TA. 

BY .fOHN M. CLAI{f,K 

INTRODUCTOI~Y. 

The Cephalopoda or "head-footed" mollusks are distinguished from the other 

molluscan groups by the possession of a circlet of long fleshy tentacles or prehensile 

organs arranged about the head. 

This group of animals is a very large one and, from its appearance in the early 

faunas of the globe to the present time, has been represented by species of limitless 

diversity in form and structure. Those with which we have to deal in this chapter 

represent only early and primitive types of structure. 

The two Orders of the Cephalopoda generally recognized are: 

1. Tetrabranchiata; 

2. Dibranchiata; 

terms which imply the possession respectively, of four and two gills. 

The tetrabranchiates are typified by the living Nautilus pornpilius; the 

dihranchiates by the Loligo, or squid, Sepia, or cuttle-fish. 

The tetrabranchiates were wonderfully abundant throughout the Paleozoic and 

Mesozoic periods of the earth's history, but are to-day almost extinct, while the 

dihranchiates are the predominant cephalopods in existing seas, and their fossil 

. repres.entatives much less numerous and diverse. 

The tetrabranchiates possess shells in which the animal occupies only the 

outer or forward portion, and the rest of the internal cavity is divided into successive 

chambers by a series of transverse or oblique plates, called septa. These septa are 

connected with one another and with the outer or habitation chamber by a fleshy 

tube or sipho passing though a perforation in each septum. This order is usually 

regarded as divisible into two suborders termed: 

a. Nautiloidea. 

b. Ammonoidea. 
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lIntr.)ductory. 

In both of these subdivisions the shell may be straight, arcuate or spirally 

enrolled; but in the Nautiloidea the sutures, or lines of j unction of the septa with 

the walls of the shell or conch, are, as a rule, simple, without abrupt curvature and 

very seldom with sharp angles, while in the Ammonoidea t~ese sutnres are usually 

highly angulated or zigzagged; in the nautiloids the sipho is very variable in 

position, may be small and cylindrical, but is often large and its walls much thick

ened, while in the ammonoids the sipho is always cylindrical, always marginal in 
position and without a thickening of the walls. 

In the faunas of the Lower Silurian no representatives of the dibranchiates or of 

the ammonoid tetrabranchiates are known. We have, therefore, to deal in this 
chapter only with the nautiloid tetrabranchiates. 

As an illustration of the general structure of these bodies and to show the 

relation of the animal to the various parts of the shell, we have here inserted a 

drawing of Nautilus pornpil£us, reproduced from the well known figure by Richard 

a. Mantle. 
b. Its dorsal fold. 
e. Nidamental gland. 
g. Shell muscle. 
i. Sipho. 

k. Funnel. 

Fig. I.-Nautilus pornpilius. 
n. Hood. 
o. Exterior digitations. 
p. Tentacles. 
s. Eye. 
x. Septa. 
z. Body chamber. 

762 THE PALEONTOLOGY OF MINNESOTA. 
lIntr.}ductory. 

In both of these subdivisions the shell may be straight, arcuate or spirally 

enrolled; but in the Nautiloidea the sutures, or lines of junction of the septa with 

the walls of the shell or conch, are, as a rule, simple, without abrupt curvature and 

very seldom with sharp angles, while in the Ammonoidea t~ese sutures are usually 

highly angulated or zigzagged; in the nautiloids the sipho is very variable in 

position, may be small and cylindrical, but is often large and its walls much thick

ened, while in the ammonoids the sipho is always cylindrical, always marginal in 

position and without a thickening of the walls. 

In the faunas of the Lower Silurian no representatives of the dibranchiates or of 

the ammonoid tetrabranchiates are known. We have, therefore, to deal in this 

chapter only with the nautiloid tetrabranchiates. 

As an illustration of the general structure of these bodies and to show the 

relation of the animal to the various parts of the shell, we have here inserted a 

drawing of Nautilus pompihus, reproduced from the well known figure by Richard 

a. Mantle. 
b. Its dorsal fold. 
e. Nidamental gland. 
g. Shell muscle. 
i. Sipho. 

k. Funnel. 

Fig. I.-Nautilus pornpilius. 
n. Hood. 
o. Exterior digitations. 
p. Tentacles. 
s. Eye. 
x. Septa. 
z. Body chamber. 



OEPHALOPODA. 763 
General cbal'acters of cepbalopods.l 

Owen. It represents the shell as sawn horizontally through its center or along the 

plane in which it is coiled, with the entire animal lying in the body-chamber; shows 

the air-chambers, septa and sipho, and the various external parts of the animal. 

Though this is a coiled shell, its structural characters are not different from many 

of the forms here discussed in which this shell is straight or hut slightly curved. 

GENERAL CHARACTERS OF THE LOWER SILUI~IAN CEPHAI,OPODS HERE DEflOJUBED. 

We have observed that the Cephalopoda met with in the early Silurian faunas 

are mainly of primitive types of structure. Their predecessors existed in faunas 

before the Silurian but their remains are of infrequent occurrence, and hence our 

knowledge of them is very restricted. With the opening of the Silurian certain 

progressed generic types, such as Orthoceras and the shells which must still be 

referred to Cyrtoceras, became fixed or static in their traits and were continued 

thereafter for long periods without essential modification. 

Two structural features in these SIlurian nautiloids are especially significant 

and invite brief attention. 

1. The form qf the shell. The straight, elongated shell or longicone exemplified 

in Orthoceras, Cameroceras and Actinoceras, is the prevailing type. It is known from 

c 

Fig. 2.-An Orthoceras repl'esented as vertically sectioned for a portiun- of its length. 
O. body-chamber; c. air-chambers; x. septa; s. sipho. 

the study of some of the later longicones that these shells, from their primitive 

formation onward through all intermediate phases to maturity, have maintained 

the straight mod"e of growth, and we may therefrom infer that such shells have 

been derived from ancestors whose shell was also straight. The formation of such 
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[General characters of cephalopods. 

regularly conical shells implies equal progress in the deposition of the shell~matter 

on all sides but when the shell is coiled this effect is due to an obstruction of the , 
shell growth on one side. In certain of the coiled genera we know that the enrolled 

portion of the shell represents only the immature stages of existence, while during 

later-growth stages the shell becomes straight. 

This fact, illustrated by the genus Lituites, does not necessarily imply that such 

forms have been derived from primitive coiled types, but may with excellent reason 

Fig. 3.-Liluites lituus. (After Rcemer). 

be interpreted as follows: The straight conch of the full-grown animal may be 

regarded as a senile character expressing a return to, or towards a primitive growth

condition not otherwise represented in the individual, but indicating the source 

whence these generic traits have been derived. 

In the peculiar genus Ascoceras the early growth of the shell is in the form of a 

long, very slender, gently arcuate cone with a regular succession of siphonated septa 

as in Cyrtoceras, but this mode of growth is abruptly terminated in later development 

by a lapse to a much more elementary condition of development evinced by the 

suddenly swollen conch and the incomplete and primitive septa. Several of the 

genera here considered are characterized by a swelling or expansion of the shell 

during later growth, and a sudden contraction at the close of the swelling near the 

aperture. This is observable in Oncoceras, Clinoceras, Poterioceras and the shells 

referred to Cyrtoceras* The presence of this character in these early types might 

of itself be interpreted as indicative of primitive structure, as it has recently been 

shown that in certain Devonian species of the orthoceran genus Bactrites this expan

sion of the shell characterizes the growth stage directly succeeding the formation 
of the protoconch. 

J:<'ig. 4.-Ascoceras manubrium. (After Lindstrom). 
* It is elsewhere observed tlmt in the Dev()uian and typical representatives of this genus this swelling of the conch Is 

usu,tlly ausent, but it is more or less distinetly developed In the majority of the early Silurian species. 
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OEPHALOPODA. 765 
Gencral characters of ccphalopods.l 

Much may be learned III regard to the phyletic status of genera i:Lnd 

species from the orna:,mentation of the external surface of the shell. It has, 

for example, been demonstrated, and the fact is illustrated in the following pages 

by the species Orthoceras bilineatU'ln, that the concentric rings or annulations w bich 

are found in a large number of orthocerans, are of secondary growth, the earlier 

parts of the shell being free from them; thus indicating that these annulated shells rep

resent a more progressed condition of development tban those with smooth surfaces. 

2. The structure of the sipho. The sipho is, typically, a cylindrical tube connect

ing the air-chambers and continuous from one septum to another. Actually, 

however, in most of the primitive genera, such as Nanno, P docents, CrllneJ'ol?ems and 

Vaginoceras, it has not fully attained this condition, but is in formative and 

progressive stages. Vaginoceras. represented by Orthoceras multitubulatmu and O. 

longissimuJn of the Black River limestone, both very rare species, is said by some 

investigators to have the place of the sipho filled by successive sheaths which are 

posterior continuations of the successive septa; these forms, hence, having no true 

sipho. This interpretation req uires verification. Others have regarded these 

shells as having a distinct siphonal wall .Llld the sheaths as confined to the siphonal 

cavity and occurring at intervals which have no direct connexion with the septa. 

If the former view be correct then Vaginoceras must be regarded as representing a 

higbly elementary condition of development, but the latter interpretation of the 

structure renders it homologous with Piloceras in which we know that the siphonal 

sF 

Fig. 5.-0amerocel·as burchardi, showing over- Fig. 6.-0ameroceras proteiforme; showing the 
lapping siphonal funnels. (After Dewitz). the short siphonal fnnneb. 

s. septa; sf. siphonal funnels. ., . 
wall is developed for at least a portion of its length, as 1t 1S also m Nanno and 

Cameroceras. In the two genera last named the median and later portions of the 

sipho are constituted of deflected portions of the septa known as the siphonal 

funnels. These often extend from one septum to, or beyond the one preceding it, 

thus separating the siphonal cavity from that of the air-cham bel's; but not infre

quently these funnels do not completely cross the air-chambers. In either case 

these funnels form a discontinuous siphonal wall. In Pilocems, Carnel'ocems and 

Nanno tJIe continuous apical portion of the sipho is thickened by the extravagant depo

sition of testaceous matter in the cavity or between the successive siphonal sheaths. In 
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Nanno this solidified portion of the sipho protrudes behind the septate portion of 

the shell, indicating a primitive condition in which the inhaq,ited shell was a simple 

aseptate and asiphonate cone. 

sf '. 

s 

·c 

Fig. 7 .-Camcl'ocel'as pl'oteifol'me. 
C. outer tihell or conch; 8. Hcpta; sf. siphonal funnels; sh. solid apical portion or guard of sipbo. 

In certain more advanced types, Actinoceras and Gonioceras, where the 

siphonal tube is continuous throughout its extent, as in Orthoceras, the sipho takes 

the form of a succession of beads expanding into the air-chambers and contracted 

where meeting the septa. Within the siphonal tube is a thick deposit of shelly 

matter, leaving a narrow central passage or endosiphon, which may be completely 

closed in the earlier siphonal beads and quite wide in those of the last air-chambers. 

The thickening of the siphonal wall is, thus, to some extent, a proceS:3 common to 

all lime-secreting organisms, tenchng to fill up and close deserted cavities. From 

the endosiphon of Actinoceras are given off series of radiating filament::; penetrating 

the thickened walls and reaching the true siphonal tube. 

In the following pages about fifty species of these fossils ara identified and 

described. The material which has been studied may be regarded as fairly repre

sentative in abundance although its usual retention in the form of internal casts 

leaves our knowledge of some parts of the species unavoidably imperfect. The 

identification of some of the species, especially those of Oyrtoceras and Oncoceras has 

been rendered difficult by the brevity and obscurity of the original ddscriptions and, 

in many instances, the absence of illustrations, but, as -a careful comparison has been 

made of the material with the original specimens of such unillustrated species, 

reasonable security is felt in these identifications. 

Many of the most interesting specimens are from the collection of the late W. 
H. Scofield; others have been loaned by Dr. C. H. Robbins and Mr. E. O. Ulrich. 
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Fig. 7 .-Carncroceras proteiforme. 
C. outer ~hell or conch; s. ~ellta; sf. siphonal funnels; sh. solid apical portion or guard of sipho. 
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In the following pages about fifty 8pecies of these fossils ara identified and 

described. The material which has been studied may be regarded as fairly repre

sentative in abundance although its usual retention in the form of internal casts 

leaves our knowledge of some parts of the species unavoidably imperfect. The 

identification of some of the species, especially those of Cyrtoceras and Oncoceras bas 

been rendered difficult by the brevity and ob3cl1rity of the original ddscriptions and, 

in many instances, the absence of illustrations, but, as a careful comparison has been 

made of the material with the original specimens of such unillustrated species, 

reasonable security is felt in these identifications. 

Many of the most interesting specimens are from the collection of the late W. 

H. Scofield; others have been loaned by Dr. C. H. Robbins and Mr. E. O. Ulrich. 
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Class OEPIIALUPODA. 

Order TETHABRANCHIATA. 

Suborder NAUTILOIDEA. 

Family ENDOCERATIDJE. 

Genus PILOCERAS, Salter, 1859. 

PlLOCERAS NEWTON-WINCHELLI, sp. nov. 

PLATE XLVII, FIGS. 1-3. 

Two specimens preserved in a white chert indicate a small undescribed :species 

of this genus. The more complete of the two is obliquely fusiform, slightly arcuate 

on the siphonal side, and bears sixteen septa, which are very oblique on the upper 

part but lose this obliquity toward the apex; the direction of the earliest septum is 

nearly transverse. The obliquity of the later septa is so great that the last septum 

exposed, in crossing the shell from the dorsal to the ventral side traverses the depth 

of .five air-chambers on their antisiphonal exposure. The length of this specimen 

is 31 mm. and its width at the top measured along a suture, 21 mm; the transverse 

diameter at the top, 17 mm; at the base 7 mm. All the air-chambers are deepest 

at the antisiphonal edge. At the top of the specimen is the opening of a wide 

siphonal cavity. A longitudinal section of the specimen along the axis of this 

cavity shows some interesting points of structure. The mouth of the cavity is 

broad at the top, covering nearly one-third of the entire diameter of the shell. Its 

actual and relative diameter lessens, however, toward the apex. The position and 

relative size of the sipho and the difference in the direction of the septa on the two 

sides are shown in the accompanying figure. This cavity is not filled by a solid 

accumulation of siliceous matter, but is more or less cavernous. The siphonal 

walls, however, are encrusted and distinctly retained. It is very clearly evident 

from this section that the septa are not coalesced with the siphonal wall (ws). The 

~dge of each septum lies close against, usually in actual contact with a thickened 
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ridge or annulus on the outer surface of the sipho. The latter tube is, hence, a 

Fig. 8.-Mec1 ian vertie~lI section uJ' one of the 
,peeimens deseribecl. / 2 

Fig. H.-Enlargement of a portion of the same. 
s. sipho; ss. siphonal sheaths; ws. wall of siphu; 
es. endosiphon; sp. septa; a. annulus formed at 
junetion of septum with sipho. 

distinct sheath of itself, not originating from successive invaginations of the septa. 

The earlier portion of the sipho (s.) contains two siphonal sheaths (ss.) which are 

separated from each other by an empty space, and above the first of these sheaths 

there is also but a partial and irregular filling of silica. Below the second sheath 

the sipho is solidly filled. These sheaths take their origin from thickened walls of 

the sipho, the separation of the testaceous wall being very apparent at their origin. 

When the sheaths become fully free from the siphonal walls, they converge more 

or less rapidly. The first or uppermost of the sheaths is very plainly perforated at 

its apex, but this opening is les3 clearly retained on the lower sheath. These open

ings are undoubtedly to be construed as the pas,mges of the endosiphon, as Hyatt 

has termed a small tube connecting successive deposits and compartments within 

the sipho. In the larger forms of Piloceras which have been described by Dawson 

and Whitfield (P. arnplurn, P. explanator) and whose sip hones have become solid from 

the more rapid formation of these sheaths and the intermediate deposition of crys

talline calcite, this endosiphon is sometimes very clearly retained,* but here where 

the chambers of the large cavity are open, nothing remains but the passages of the 

endosiphon through the sheaths. In this respect the struetural difference is note

worthy as the case in hand is the only one observed in which the siphonal chambers 
. * See IhLwson, Canadian N",turaJist, new series, vol. x, No.1, 188l, p. 1-4; and Foord, Geological Magazine, Dec. III, vol. 
IV, No. 12, 1087. 
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ate so large and have not been rendered more or less completely solid by the 

extravasation of organic deposits. 

The second and less complete specimen of the species exposes a portion of one 

side (12 septa), toward the lower part of which, by cross fracture, the siphonal tube 

is left open and shows the terminal extremity of the internal solid cast of one of 

the siphonal chambers and a considerable portion of another later and enveloping 

sheath. The apex of this internal cast does not show satisfactory evidence of 

perforation. 

There are seven described species of Piloceras, six of which are recorded as from 

American faunas. All are of much larger size than P. newton-winchelli, and so far 

as known, have greatly broader siphones. All are from the early faunas of the Lower 

Silurian; Billings' species P. canadense1 from the Calciferous horizon, P. wortheni2, 

P. triton2 and P. gracile2 (the last two but little known) from the Quebec 

group; P. explanator Whitfield3, from the Calciferous fauna of Vermont and New 

York (Fort Cassin beds), P. amplum Dawson,4 from a corresponding horizon near 

Montreal, and P. invaginatum Salter5 (the type of the genus), from the Durness 

limestone of Sutherlandshire, Scotland, associated, according to Salter, with Orthis 

striatula Emmons (not Schlotheim), Ophileta compacta Salter, Orthoceras matutina 

Hall, and O. undulostriatum Hall. 
The Shakopee formation of Minnesota is regarded by professor Winchell as 

probably equivalent in part to the Calciferous sandstone of eastern North America6• 

Formation and locality.-The locality of the specimens described is given as section 19. Union town
ship, Houston county. 

Oollector.-N. H. Winchell. 

Museum Register, No. 2444. 

Genus N ANNO, * gen. nov. 

This genus has been briefly described by the writer in a preliminary notice 

published in the American Geologist, vol. xiv, pp. 205-208, pI. VI, 1894.-1- Its distinc

tive characters are elucidated in the description of the species following. 

(ll Canadian Naturalist and Geologist. vol. v, p. 171. 1860. 
(2j Palroozoio Fossils. vol. i. pp. 256, 257, fig. 240. 1865. 
(3) Bull. Amerioan Museum Natural History, vol. I, No.8. p. 323, pl. xxviii. 1886. 
(4) Canadian Naturalist. new series, vol x. p. 1. 1881. 
(5) Quarterly Journ. Geologioal Sooiety, London. vol. xv. p. 376. 18:;9. 
(6) Twentf-first Ann. Rept. Geol.lLnd Nat. Hist. Surv. Minnesota. J). 4, ta.ble. 18!),!. 
* Greek NannI), a player upon the flute. 
tNamlO. a new Oepbalopodan Type. 
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NANNO AULEMA, sp. nov. 
PLATE XLVII. FIGS. 4-1l. 

The material which represents this interesting type of cephalopod structure 

was collected by Messrs. E. O. Ulrich, Charles Schuchert and the late W. H. Scofield, 

from various localities in the Trenton sAries of Minnesota. No similar forms have 

heretofore been found in the American faunas, and their novel character was 

recognized and studied by the first two of these gentlemen. Like bodies had, 

however, been found and described by Gerard Holm,..' derived from the lower Silu

rian of Oeland and Esthland, and in the drift boulders about Eberswalde; they were 

referred by him to the genus Endow'as, under the designation, E. belernnitiforrne 

Holm, but we feel guilty of no temerity in regarding them as representatives of a 

distinct type of structure. 

Our description is based essentially upon the American fossils, though supple

mented by comparisons with the European species. 

The usual form which these bodies assume is somewhat that of a small Belem

nites. The apical and posterior portion has a rounded, evenly tapering surface, 

which would give it the form of a true cone were not one side, when the body is 

viewed laterally, quite oblique, while the other is nearly vertical. Thus viewed the 

shells are asymmetrical laterally, but as seen from the dorsal and ventral sides they 

are bisymmetrical. After the conical expansion has extended for about one-half the 

length of the body, there is a rather abrupt contraction on the oblique side and the 

shell becomes more circular and much sma,ller in cross-section. Thus toward the 

upper extremity of the shell a cylindrical tube is formed. 

The normal position, however, of the conical posterior portion is such that the 

straIght and the oblique side converge at the same angle; this diverts the cylindrical 
or upper portion of the body to one side. 

These peculiar bodies are siphones; that represented in figure 10 shows the 

oblique impressions left by the septa upon its surface, and figure 6 affords a concep

tion of the relations of these sip hones to the septate part of the shell. In the latter 

is seen the central and symmetrical position of the apical cone with reference to the 

entire shell, its abrupt contraction and the deflection of the cylindrical portion of 

the sipho to one side. At the point where the contraction of the sipho begins, its 

diameter is that of the shell, and from the apex to this point there is no trace of 

septa. With the appearance of the septa begins the contraction of the sipho. That 

the septa did not completely encircle the sipho beyond the diameter of the 

siphonal funnels is shown by several of the specimens which present a smooth 

surface on the dorsal or outer side, the marks of the septa being there 
'Ueber die inn ere Organization einiger silurischer Oepha!opoden; Dames und Kayser's PaHlontologische Abhand-

iLw!!;en. Rnd, TIl, Heft 1, pp , 4-9, pI. i, 1885, ' 
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entire shell, its abrupt contraction and the deflection of the cylindrical portion of 

the sipho to one side. At the point where the contraction of the sipho begins, its 

diameter is that of the shell, and from the apex to this point there is no trace of 
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interrupted. One of the specimens 'has the wall of the conch adhering to the 

siphonal wall along this surface. The same fact is shown in Holm's figure of 

Endoceras (Nanno) belemnit~forme. It will be observed from the figure that the 

cylindrical portion of the sipho has about one-fifth of the diameter of the entire 

shell at its widest point. 

Upon examination of the interior structure of these siphones they a,re found to 

be completely solid in the apical portion for usually about one-half the length of the 

pneseptal cone, but in some instances this solidification extends for the entire length 

or the cone and into the cylindrical part of the tube. The cavity of the sipho above 

this filling is a narrowly conical chamber whose walls gradually become thinner 

from the apex upward, their upper edge appearing to be rounded off and finished. 

The substance of the siphonal cone and walls is invariably very compact, 

radially crystalline calcite, indicating, inasmuch as all the specimens have been 

found in calcareous shales and clayey limestones, a simple modification of the original 

organic deposit; the internal cavity is filled with the mud of the sediment. Cross

sections of the cone in both directions show evidence of a dark, concentric, presum

ably orga,nic discoloration, which may represent an internal sheath, but this seems 

the less probable as this layer affords no surface of easy displacement of the parts, 

nor does the radial structure of the calcite appear to be at all interrapted by it. I 

should be disposed, rather, to regard it as a trace of an organic remnant of the 

fleshy sipho, left in its anterior progress with the growth of the shell. 

The sections have afforded no evidence of a tube connecting t,he apices of these 

sheaths, the endosiphon of Hyatt. The addition of the septate portion of the shell, 

as shown in a single specimen which appear.:; to be nearly complete, gives the species 

a fusiform and symmetrical appearance, broadest below the aperture, the sipho 

seeming to extend nearly the entire length of the shell. The septa are 

gently and regularly concave, slightly inclined toward the sipho, and there were 

apparently about twelve in the length of the shell as preserved. The fir.:;t septu m 

seems not to conform to the contracted surface of the cone which has a much greater 

obliquity, and thus the first air-chamber appear.:; to be an irregular, wedged-shaped 

cavity between these two surfaces, but there iEl no evidence whatsoever that the 

conical end of the sipho was in any way involved iu this cavity except at its proxi

mal surface. The apical cone was unquestionably external except so far as 

ensheathed by a mere coating or film of the shell-tube. 

The dimensions of these specimens are as follow.:;: A nearly complete sipho 

has a length of 36 mm.; its greatest width is at 19 mm. from the apex and measures 

10 mm. in major, and 8.5 mm. in minor axis; its apertural diameters are 8 and 6 mm. 
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Another and more slender specimen measures 40 mm. in length and is broken atthe 

aperture. Here the length of the apical cone is 22 mm. The most complete exam

ple has a length of 58 mm.; the apical cone measures 15 mm.; the entire diameter 

of the shell is 18 mm. at its widest part iLlld 16 mm. at or near the aperture. 

Dr. Holm's species, E. (Nanno) belemnitiforme, is considerably larger than N. 

aulerna. The author's figures shows that the siphonal cavity may be entirely filled 

with crystalline calcite while the air-chambers contain only the mud of the matrix. 

This is a mode of preservation which we find to be not infrequent in forms of true 

Endoceras or Cameroceras. Others of these figures (Plate I, figs. 2a, b) show the actual 

thickness of the true calcareous wall of the pneseptal cone, and indicate that it is 

considerably thinner than in N. aulema. Figure Ib shows that the wall of the conch 

becomes thinner toward the posterior cone and actually disappears upon the surface 

of the latter, though we are justified in the assumption, supported by the slight 

evidence afforded by the Minnesota shells, that the true conch was represented by a 

tenuous layer over the proximal surface of this cone. In N. belemnitiforme the siphonal 

funnels are seen to extend each. the length of two air-chambers. Notwithstanding 

the reference by the Swedish author of such shel~ to the genus Endoceras, we 

believe it to be proper and necessary to remove them from that association. Were 

the initial parts of the abundant forms of Endoceras (Cameroceras) constituted of 

such solid cones, they would be the portions of the shell most read,ily preserved; 

just as in Nanno aulema the siphonal cones are the parts almost exclusively met with. 

But no such bodies are known except in these two species. Our own observations 

upon Endoceras lead us to the belief that the thickened posterior end of the sipho in· 

that genus was nearly, if not wholly, enclosed by the chambered shell; and tpis impres

sion is in accordance with Holm's statement that a specimen of Endoceras burchardi, 

with a posterior diameter of but a few millimeters, was already septate. The continu

ance of an aseptate condition for a considerable period in the early history of Nanno 

is of itself indicative of an important difference from Endoceras (Cameroceras) and 

Piloceras, inasm uch as this determines it to have been a more elementary organism 

than either. Of the initial parts of Piloceras little or nothing is known, but with 

what we are justified in assuming in regard to the early conditions in both Camero

cems and Piloceras, and with what we know concerning Nanno, the last presents to 
us the simplest known type of cephalopod structure. 

In these shells we have before our eyes the abrupt change from a simple conical 

cavity, which was not only a potential sipho but an actual chamber of habitation, to 

a septate conch with an actual sipho continuous with the primitive habitation 

chamber. Holm has expressed in an interesting manner the course of the modifica-
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Another and more slender specimen measures 40 mm. in length and is broken at the 

aperture. Here the length of the apical cone is 22 mm. The most complete exam

ple has a length of 58 mm.; the apical cone measures 15 mm.; the entire diameter 

of the shell is ]8 mm. at its widest part a,nd 16 mm. at or near the aperture. 

Dr. Holm's species, E. (Nanno) belemnitijorme, is considerably larger than N. 
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with crystalline calcite while the air-chambers contain only the mud of the matrix. 
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than either. Of the initial parts of Piloeeras little or nothing is known, but with 

what we are justified in assuming in regard to the early conditions in both Camero

eems and Piloceras, and with what we know concerning Nanno, the last presents to 
us the simplest known type of cephalopod structure. 

In these shells we have before our eyes the abrupt change from a simple conical 

cavity, which was not only a potential sipho but an actual chamber of habitation, to 

a septate conch with an actual sipho continuous with the primitive habitation 

chamber. Holm has expressed in an interesting manner the course of the modifica-
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MODS through which the animal and its shell pass from their primitive condition 

~nward, and we take the liberty of quoting this passage: "The visceral sac of the 

animal had obtained a considerable -size. Its form was pointed posteriorly. The 

mantle had secreted a shell of like form. This shell was thus quite open and of 

conical shape. It now formed but a single chamber which was both initial and 

habitation chamber, wholly filled by the animal. With the growth of the animal 

the shell was, naturally, lengthened on the anterior margin. As the animal [shell] 

at laRt became too heavy and. had need of a hydrostatic apparatus in order to raise 

and sink itself, the air-chambers, by which the hydrostatic problem is sol ved for the 

tetrabranchiates, were formed. The first of these originated in this way: On one 

side of the upper portion of the visceral sac a circular and almost enclosed constric

tion was produced. The fold of the mantle thus formed deposited shell-matter 

making an inclined wall and a division of a p:1rt of the originally open initial 

chamber. The resulting chamber was empty and formed the first air-chamber. 

This chamber is, thus, bounded by only one septum and in this ca':!e lies behind the 

wall corresponding to the first septum in Nautilus. It therefore correspond.; to the 

initial chamber in that genus. As it here ha'3 the same function as the other air-, 
chambers, I have termed it the first air-chamber, although, in fact, it is a remnant 

of the open initial chamber. Moreover, the second air-chamber is probably formed 

in part from the anterior portion of the initial chamber". The visceral sac of the 

animal was now divided by a constriction into an anterior and posterior portion. 

* * * * The anterior portion now forms the actual habitation chamber, but the 

great visceral sac also fills the posterior portion. The growth of the shell progresses; 

the shell is again lengthened about the aperture. The animal becomes again too 

heavy and must form another air-chamber. It loosens itself from the wall of the 

conch, the visceral sac extends itself along the constriction and the animal moves 

forward a step in its shell. The mautle surfaces form a new septum and about the 

elongated portion of the visceral sac the -calcareous deposit takes the form of a 

sheath or siphonal funneL Thus originates the siphonal cord of the animal. 

Hence the sipho of Endoceras belemnitiforrne must have had its origin in a differenti

ation of the visceral sac." (Op. cit., pp. 6, 7.) 

. The prffiseptal cone of Nanno must be regarded as a great protoconch expressing 

in its form the primitive nature of the longicones and brevicones of the tetra

branchiates. 

It may be suggested that the solidification of the prceseptal cone may have been 

to some extent due to such ~ ('condary causes as have produced the solid guard in 

Belemnites. The appearance of these siphones and the crystalline structure of their 
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Stl bstance strongly suggest that genus, even though there is little superficial 

similarity in the relations of these parts to the septate portions of the shell in the 

two genera. 

Furlllation ancllocality.-The material which has Leen studied con8ists of seven specimens obtained 
froIll the Trenton shales at Minneapolis amI from the Galena shales near Chatfield, Minnesota. Collec
tions of W. H. Rcofield and E. O. Ulrich. 

Museum Register, No. 7631. 

Nanno belemnitiforme Holm, is from the upper red Orthoceras-limestone on the island of Oeland, 
from the lowest beds of the Echinosphcerites-limestone in Esthland, a!ld from boulders of like age at 
Heegermllhle in the vicinity of Eberswalde. 

Genus CYRTOCERINA, Billings, 1865. 

The shells which have been referred to this genus are cyrtoceran in form and 

are characterized by the great size of the sipho, which is situated on the ventral side 

and is not fully enclosed by the septa. Hyatt places the genus with the Endoceratidce 

and considers it of similar structure to Piloceras, with inverted siphonal sheaths, 

though no conclusive evidence of snch structure is to be derived from Billings' descrip-

.. tions of the two known species, C. typica, from the Black River limestone, and C. 

mercurius, from the Quebec group. The species herewith described is provisionally 

referred to the genus on account of the ventral position of the sipho and general 

agreement in the form of the shell. It is the only specimen among the cyrtoceran 

shells in the Silurian material from Minnesota which possesses this feature, and 

though many Silurian and Devonian species having the septa thus placed have been 

referred by authors to Cyrtoceras, I hesitate to place this shell in that association. 

CYRTOCERINA (n SCHOOLCRAFTI, sp. nov. 

PLATE XLVII. FIGS. 12-14. 

This form is represented by a small portion of a very rapidly expanding and 

sharply arcuate shell, which, in a length of 7 mm., tapers from a dorso-ventral 

diameter of 10 mm. to one of 5 mm. The outlines of the septa are distinctly ovate, 

broadest toward the ventral side and subacute on the dorsum the dorso-Iateral , 
surfaces being somewhat compressed and the obscurely ridged dorsum a noticeable 

feature of the exterior. Sipho ventral, submarginal and fully enclosed, large in 

comparison with species of Cyrtoceras. On the lagert septums, which has a diameter 

of 10 mm. the sipho is Ii mm. in diameter. Septa apparently closely appressed. 
External shell surface marked by faint concentric growth-lines. . 

Formation and locality.-In the Trenton shales, one-half mile southeast of Oannon Falls, Minn. 
Uollection of E. O. Ulrich. 
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The shells which have been referred to this genus are cyrtoceran in form and 
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and is not fully enclosed by the septa. Hyatt places the genus with the Endoceratidce 

and considers it of similar structure to Piloceras, with inverted siphonal sheaths, 

though no conclusive evidence of such structure is to be derived from Billings' descrip-

.. tions of the two known species, C. typica, from the Black River limestone, and C. 

mercurius, from the Quebec group. The species herewith described is provisionally 

referred to the genus on account of the ventral position of the sipho and general 

agreement in the form of the shell. It is the only specimen among the cyrtoceran 

shells in the Silurian material from Minnesota which possesses this feature, and 

though many Silurian and Devonian species having the septa thus placed have been 

referred by authors to Cyrtocerus, I hesitate to place this shell in that association. 

CYRTOCERINA (n SCHOOLCRAFTI, sp. nov. 

PLATE XLVII. FIGS. 12-14. 

This form is represented by a small portion of a very rapidly expanding and 

sharply arcuate shell, which, in a length of 7 mm., tapers from a dorso-ventral 

diameter of 10 mm. to one of 5 mm. The outlines of the septa are distinctly ovate, 

broadest toward the ventral side and subacute on the dorsum the dorso-Iateral , 
surfaces being somewhat compressed and the obscurely ridged dorsum a noticeable 

feature of the exterior. Sipho ventral, submarginal and fully enclosed, large in 

comparison with species of Cyrtoceras. On the lagert septums, which has a diameter 

of 10 mm. the sipho is 1 ~ mm. in diameter. Septa apparently closely appressed. 

External shell surface marked by faint concentric growth-lines. -

Formation and locality.-In the Trenton shales, one-half mile southeast of Cannon Falls, Minn. 
UeJllection of E. O. Ulrich. 
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Genus CAMEROCEI~AS, Conrad, 188~. 

Endoceras, HALL, 1847. 

'fhe collection is fairly abundant in specimens referable to thi:-; genus. Few, 

however, are sufficiently complete to justify the determination of their 8pecific 

characters, though the evidence afforded by them indicates the probable presenee of 

several species. Of more interest than the variation in specific features is the 

interesting illustration of the structure of the sipho which is represented by many 

and various forms of internal casts of the organ. With all that has been written 

upon the relation of the sipho of this genus to the septa and conch, there still remains 

much to be learned in regard to the structure of Cameroceras, and some light is 

thrown upon obscure points by these specimens. We have here adopted without 

reserve Conrad'::; term Cameroceras in place of the more generally accepted name 

Endocer-as. Whitfield has employed the former term with a suggestion that there 

may prove to be a generic difference in the two structures, but this seems to us, 

with the present evidence, scarcely possible. The distinction which has been 

recognized between the two by Hyatt is that in Endoceras the siphon is not lined by 

a continuous she11 layer but is composed of a succession of septal funnels, overlapping 

at their edges, while in Cameroceras (which this author regards as a synonym of 

Sannionites, Fischer de W i:Lldheim, 1837), the siphon is a continuous layer. The 

typical species of Endoceras (E. prote~tor-me Hall) is vastly better known than that 

of Cameroceras (C. tr-entonense) , and while it has been impossible for me to carry out 

a generic distinction in the two, the fact must be recognized that the latter term 

was introduced in 1839 and the former not until 1847. Conrad, also, in 1889 employed 

the name Diploeeras (D. vanuxemi, type) for a shell from Trenton Falls, N. Y., which 

is unquestionably a Cameroeer-as, and the species probably the same as Endo

ceras protei/orme. Hall*, Whitfield-j-, Dewitzt, Holm§, Foord II and others have shown 

the exi8tence of a continuous 8heath situated at, and composing the apical portion 

of the sipho, often thick-walled, and extremely so about the apex itself. These have 

been 80metimes termed "embryo-tubes" and also "siphonal sheaths," as though 

they existed within the sipho and were not a~ integral part of the sipho itself. 

Such bodies, of which internal casts abound in the Trenton formation of Minnesota, 

are the thickened extremital portions of siphones; the septa lie against them (or at 

least., against their upper portions) in a normal position, and above its free 

edges the sipho is a discontinuous sheath composed of the overlapping and 
l' Bull. Amer. Mos. Nat. Rist., vol. i. no. 1, pp. 20-28. 188t. 
* Paheontology of New York, vol. i, pp. 208 et. seq .. pis. 48-50.53, etc. 1817. * l';eitschr. del' deutsch. geol. Gesellsch .. vol. xxxii, pp. 371-393, pIs 16, 17. 1860. 
§ Dames and Kayser's Paliiontologische Abhandlungen, Bnd. iii, Beft 1. 1885. 

II Ann, ;till'! Mag. N;tt. Htst" Dec" 1887, pp. 393-402. 
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a generic distinction in the two, the fact must be recognized that the latter term 

was introduced in 1839 and the former not until 1847. Conrad, also, in 1839 employed 

the name Diploceras (D. vanuxemi, type) for a shell from Trenton Falls, N. Y., which 

is unquestionably a Cameroceras, and the species probably the same as Endo

ceras proteiforme. Hall*, Whitfield-r, Dewitz+, Holm§, Foord II and others have shown 

the exi:-;tence of a continuous sheath situated at, and composing the apical portion 

of the sipho, often thick-walled, and extremely so about the apex itself. These have 

been sometimes termed "embryo-tubes" and also "siphonal sheaths," as though 

they existed within the sipho and were not a~ integral part of the sipho itself. 

Such bodies, of which internal casts abound in the Trenton formation of Minnesota, 

are the thickened extremital portions of siphones; the septa lie against them (or at 

least, against their upper portions) in a normal position, and above its free 

edges the sipho is a discontinuous sheath composed of the overlapping and 
l' Bull. Amer. Mus. Nat. Hist .. vol. i. no. I, pp. 20-28. 188l. 
• Palreonto]ogy of New York, vol. i, pp. 208 et. seq .. pIs. 48-50,53, etc. 1817. * Zeitschr. der deutsch, geol. Gesellsch,. vol. xxxii, pp. 371-393, pIs 16, 17. 1860. 
§ Dames and Kayser's PaliioD1010gische AbhandlungcD, BnO. iii, Beft 1. 1885. 

II ADI!. itDd Mag. Nitt. Hjst" Dec" 1887, pp. 393-402. 



776 THE PALEONTOLOGY OF MINNESOTA. 
[Oameroceras. 

retrally directed funnels of the septa. This is well illustrated by a very large and. 

essentially entire internal cast of the sipho, measuring 3 feet 3 inches in length, a 

reduced drawing of which is shown on plate XLVII. The principal extent of the 

surface of this specimen bears traces of the contiguous or overlapping septal funnels 

which have thus created a discontinuous siphonal tube. The specimen is so drawn 

as to show the side nearest the margin of the conch; hence the remnants of the septa 

show a marked angularity due to their concavity. This is a trait characterizing all such 

siphonal casts in which the position of the sipho was lateral. With variation in 

the position of the sipho and in the concavity or obliquity of the septa, these siphonal 

funnels vary in their direction. It will be observed that at a short distance from 

the apex of this cast is an abrupt contraction in its diameter, which is continued to 

the apex. This apical portion is the internal filling of the solid and continuous sheath 

whose probable extent and thickness is indicated by a dotted line whic_h carries the 

sipho to an apex according to the slope of the discontinuous sheath. The evidence 

afforded by this specimen is abundantly fortified by others which demonstrate that 

this solid apical portion of the sipho is but a filling and thickening of the vacated 

and discarded apical cavity of the otherwise discontinuous sheath. 

The internal casts of this long apical cone are of far more frequent occurrence 

than those of the funnel-tube, because the parts of the latter are not often coherent 

and usually the latter are found to retain the overlapping or approximate parts of 

the septa upon their surface. 

The great siphones of the dead shells of these creatures afforded favorite retreats 

for other and smaller cephalopods, and they are hence frequently found crowded 

with diverse species of Orthoceras and Cyrtoceras, sometimes three or four being 

crowded in side by side, or one within another, in such cavities. 

The material examined does not afford the most satisfactory evidence of the 

duplication of the siphonal sheath, and it would seem that much of the evidence that 

has been adduced in regard to the presence of such duplicate sheaths requires 

re-examination, although it is by no means intended by this expression to cast doubt 

upon their existence. In some accounts of these fossils a careful distinction between 

the apical sheath, its filling, and such adventitious or hermit orthocerans as may 

have got in, has not always been made. Attention may be directed to the internal 

siphonal cast shown on plate L, fig. 3, which shows a portion of the filling of the 

discontinuous part of the tube and an acuminate terminal process which indicates 

a tubular cavity near the apex of the solid sheath. Whether or not this ever 

penetrated the solid sheath and thus represents a true endosiphon communicating 

with some other sheath, as in Piloceras, cannot be determined from such casts. 
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With all the knowledge that we can derive from the works of others and our 

own observations as to the early shell-growth in this genus, there seems to be no 

good reason for assuming that the solid sheath in Cameroceras was protruded beyond 

the septate portion of the shell, as is the case in our new genus Nanno. The close 

relation between Nanno, Cameroceras and Piloceras is evident. Nanno has a prominent 

solid guard at the apical extremity of the sipho, which is perhaps proportionally 

longer than the solid sheath of Cameroceras, and the sipho in Nanno bears evidence of 

being discontinuous through the later air-chambers. The siphones of Nanno being 

extremely lateral in position show the oblique attachments of the septa common in 

several species of Cameroceras. 

There are here several species of Camerocems which are indicated by the differ

ences in these siphones, but which can not be otherwi::;e described, as the character 

of the septate and external portions of the shell are not known. Various of these 

are illustrated, showing wide differences of form, partially resulting from differences 

in position in the conch, others showing a considerable variation in the depth of the 

air-chambers, and still others having the form of Colpoceras, a genus founded upon 

a sipho of Cameroceras. 

Such species, whose characters have been made out with some degree of 

certainty, are described below. 

CAMEIWCERAS PROTEIFOI~ME Ha tt, 1847. 

PLATE XLVIII, FIGe.l, 2; PLATE XLIX. J<'IG. 2; PLATE L. FIG". 1.2. (3 'ii: PLATE LI, FIG~. 1-0: 
PLATE LUI, FIGS. 4-5. 

Endoceras proteijorme, HALL, 1847. Pal<Bontologyof New Yorl{, vol. i, p. 208, Pis. XLVI, figs. la-b, 
2l?); XLVIII, figs. 1,2 ('?), .3, 4; X Lx.rx.. figs. la, e; L, figs. 1-3; LTI. figs. la-b; LIn, figs. la-c 
(E. magniventrum), 2; LV, fig. 1 (E. duplicatum?); LVII, figs. la, b. 

To this species, so abundantly illustrated in the work cited, may be referred the 

ma.jority of individuals of Cameroceras occurring in the Trenton limestone of Minne

sota. Since the elaborate account of these fossils given by professor Hall, no 

attempt has been made to supplement or revise the original determinations, but it 

must now be observed that the number of species into which the genus was there 

divided and, especially, the numerous varieties ascribed to Endoceras protei/orme can 

hardly be regarded as wholly valid. At that early date, nearly a half-century ago, 

the structure of these remarkable bodies was, naturally, less clearly understood than 

to-day. Professor Hall's observations were almost the pioneer explanations of the 

peculiar siphonal structures and are by all means the fullest and most comprehensive 

illustration of these structures that has been given even to this day. A very natural 

misconception of certain structural features introduced some errors which, in the 
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own observations as to the early shell-growth in this genus, there 8eems to be no 

good reason for assuming that the solid sheath in Cameroceras was protruded beyond 

the septate portion of the shel1, as is the case in our new genus Nanna. The close 

relation between Nanno, Cameroceras and Piloceras is evident. Nanno has a prominent 

solid guard at the apical extremity of the sipho, which is perhaps proportionally 

longer than the solid sheath of Cameroceras, and the sipho in Nanno bears evidence of 

being discontinuous through the later air-chambers. The siphones of Nanna being 

extremely lateral in position show the oblique attachments of the septa common in 
several species of Camerocet'as. 

There are here several species of Camerocems which are indicated by the differ

ences in these siphones, but which can not be otherwi:,;e described, as the character 

of the septate and external portions of the shell are not known. Various of these 

are illmltrated, showing wide differences of form, partially resulting from differences 

in position in the conch, others showing a considerable variation in the depth of the 

air-chambers, and still others having the form of Colpoceras, a genus founded upon 

a sipho of Cameroceras. 

Such species, whose characters have been made out with some degree of 

certainty, are described below. 

CAMEROCEltAS PROTEIFOI{ME HaU, 1847. 

PLATE XLVIII, FIGS. 1, 2; PLATE XLIX. ~'IG. 2; PLATE L. FIGS. 1. 2. (3 f): PLi\TE Ll, FIG:-.l-o: 
PLATE LIlI, FIGS. 4-5. 

Endocera.s protei forme, HALL, 1841. Palmontologyof New York, yoL i. p. 208, PIs. XLVI, tigs. la-b, 
2(?); XLVIH, figs. 1,2 (?), .3,4; XLxrx. tlgs.la, e; L, t1gs. 1-3; LIT. tlgs. la-b; LIfT, tlgs. la-c 
(E. magniventrum), 2; LV, fig. 1 (E. duplicatund); LYll, tigs. la, b. 

To this species, so abundantly illustrated in the work cited, may be referred the 

majority of individuals of Cameroceras occurring in the Trenton limestone of Minne

sota. Since the elaborate account of these fossils given by professor Hall, no 

attempt has been made to supplement or revise the original determinations, but it 

must now be observed that the number of species into which the genus was there 

divided and, especially, the numerous varieties ascribed to Endoceras protei forme can 

hardly be regarded as wholly valid. At that early date, nearly a half-century ago, 

the structure of these remarkable bodies was, naturally, less clearly understood than 

to·day.Professor Hall's observations were almost the pioneer explanations of the 

peculiar siphonal structures and are by all means the fullest and most comprehensive 

illustration of these structures that has been given even to this day. A very natural 

misconception of certain structural features introduced some errors which, in the 
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light of our inereased knowledge, at once correct themselves. 'fhe composition of 

the entire sipho was not then fully understood. We have already adverted to the 

fad that it eonsists of a continuous and to some extent solid apical cone followed 

above through all the mature and later chambers of the shell by a discontinuous 

tube composed only of the deffeeted septal funnels. The continuous parts of such 

siphones were originally regarded and designated as "embryo-tubes" or "shells," 

and, as an easy inference, all apparently similar internal tubes were thus interpreted. 

We now refer to the shell of Cameroceras only the internal tube formed by the 

eonsolidation of the sipho and its few subsidiary sheaths. All other tubes are 

ael ventitious, hermit orthoeerans or eyrtocerans of various species, which, as we have 

already observed, founel favorite retreats in the great siphones of these dead shells. 

Such occurrences are extremely frequent, and the finding of as many as four or five 

such tramp shells ensconced side by side in a siphonal cavity is not unusual. Hence 

we are compelled to look upon such species as Endoceras duplicatum of the Trenton 

limestone of Middleville, ~. Y. and E. gernelliparum of the Black River limestone of 

.J etferson county, N. Y., as based upon unessential and adventitious characters, and 

the latter as probably a portion of the mature shell of E. proteffonne.* Furthermore, 

the several varieties aseribed to E. proteifurme, such as val's. lineolatum, strangulatum, 

tenuistriatu11l, are now known to have been founded upon incarcerated shells of 

OrthoCe1"l18 and Clinocer(ls. 

It may, in a general way, be said that Endoceras prote~lorrne is characterized by 

its enormous size, circular section, comparatively shallow air-chambers and great 

submarginal sipho. 'fhe size attained by the species is best indicated by the large 

cast of the siphon as shown on plate XLVII, and entIre shells referable to this species 

have been found with a length of ten to fifteen feet, though all the material before 

me is of a smaller size. The difference in the a&pect of these fossils at different 

parts of their length, where the siphonal tube is variously constructed and the septa 

subject to variations in distance, renders most appropriate the specific name 

prote~lorme. 

One of the characters. which is very helpful in distinguishing the siphonal casts 

of this from associated but rarer species of the genus, is the shortness of the siphonal 

funnels. The air-chambers are themselves shallow, but the funnels seem at times 

not even to extend from one to the next. The distance between the septa and 

consequently the length of the siphonal funnels increases toward the body-chamber, 

but this variation is rarely so abrupt as shown in plate XLIX, figure 2, where, at the 

'Th.,S(! stlltemcuts have llO ]Jearing Uj)on tho rerLHLl'kllble species E. longi"8irYlU,nt >1nd E. mult-itu,/)u,latu,nt of the Black 
IUvel' lilnestone, ill whid) the successive inv<Lginated shel,ths are j)lLrt of the siphon. Such shells are represeutlLtives ot 
1. he g-enus Yoginocern.'i, Hyatt, 
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We now refer to the shell of Cameroceras only the internal tube formed by the 

consolidation of the sipho and its few subsidiary sheaths. All other tubes are 

ad ventitious, hermit orthocerans or cyrtocerans of various species, which, as we have 

already observed, found favorite retreats in the great siphones of these dead shells. 

Such occurrences are extremely frequent, and the finding of as many as four or five 
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parts of their length, where the siphonal tube is variously constructed and the septa 
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upward termination of the continuous siphonal sheath, there is a sudden increase in 

the depth of the air-chambers. 

The marginal or submarginal portion of the sipho explains the ohliquity of the 

septal annulations upon this tube, and the gentle incurvature of the septal funnels, 

the annulation of thi::; tube. There is nothing in the material in hand to indicate 

any essenttal differences from the New York specimens of this species. 

Formation and locality.-The majority of the examples examined are from tte Trenton limestone of 
Cannon Falls, Minnesota, and are from the collection of the late W. H. Scofield. The large siphon figured 
is from the same horizon at Wylwff, Minnesota (collection of' Dr. C. H. Hobbins), and other fragments 
from Decorah, Iowa. 

CAMEROCERAS HENNEPINI, sp. nov. 

PLATE LII. FIGS. 1-3; PLATE LUI, FIGS. 1-3. 

This a fine large species, the most complete of the fragments which represent 

it indicating a length of not much less than four feet, with shell very gradually 

expanding. In a distance of 230 mm. the transverse diameter increases from 94 to 

100 mm. In section the shell is subelliptical being perceptibly flattened on the 

siphonal side, and less so on the opposite side, while the lateral curves are compara

tively narrow and abrupt. The air-chambers are relatively narrow, those exposed 

averaging about 20 mm. in depth, without increasing in this respect t.oward the 

upper extremity. There are fourteen of these chambers in a length of 270 mm. 

The sutures are not regular and simply transverse in their direction, but upon 

the siphonal side make a broad retral curve along the median line, bending forward 

again for one-third to one-half the depth of a chamber on the sides, but upon the 

antisiphonal side being more directly transverse and without curyature. The septa 

are very deep, sloping with hroad, gently concave, almost, at times, plane surfaces 

to the sipho, about which there is a constriction. The sipho is very large, measuring 

46 mm. in diameter where the septum is 90 mm. In the lower portions of the 

specimens a distinct and continuous siphoual sheath is retained. The vertical 

section of a fragment represented on plate LIII, fig. 1, shows the thickness of the 

siphonal wall, which has been preserved only on one side, the other having been 

destroyed in the process of fossilization. It is here seen that. the mode of union of 

the septa to the sipho is a firm adhesion of the former to the outer wall of the latter, 

the septa being slightly thickened at their junction therewith. The structure of the 

shell substance shows with clearness that however firm the coalescence of these parts 

the distinction between the two is sharp. The specimen also shows the excentric 

P?sition. of the sipho, the shell not being much abraded on the siphonal side, but 

having lost considerably on the other side. 
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This a fine large species, the most complete of the fragments which represent 

it indicating a length of not much less than four feet, with shell very gradually 

expanding. In a distance of 230 mm. the transverse diameter increases from 94 to 

100 mm. In section the shell is subelliptical being perceptibly flattened on the 

siphonal side, and less so on the opposite side, while the lateral curves are compara

tively narrow and abrupt. The air-chambers are relatively narrow, those exposed 

averaging about 20 mm. in depth, without increasing in this respect t.oward the 

upper extremity. There are fourteen of these chambers in a length of 270 mm. 

The sutures are not regular and simply transverse in their direction, but upon 

the siphonal side make a broad retral curve along the median line, bending forward 

again fbI' one-third to one-half the depth of a chamber on the sides, but upon the 

antisiphonal side being more directly transverse and without curYature. The septa 

are very deep, sloping with hroad, gently concave, almost, at times, plane surfaces 

to the sipho, about which there is a constriction. The sipho is very large, measuring 

46 mm. in diameter where the septum is 90 mm. In the lower portions of the 

specimens a distinct and continuous siphonal sheath is retained. The vertical 

section of a fragment represented on plate LIII, fig. 1, shows the thickness of the 

siphonal wall, which has been preserved only on one side, the other having been 

destroyed in the process of fossilization. It is here seen that. the mode of union of 

the septa to the sipho is a firm adhesion of the former to the outer wall of the latter, 

the septa being slightly thickened at their junction therewith. The structure of the 

shell substance shows with clearness that however firm the coalescence of these parts 

the distinction between the two is sharp. The I:lpecimen also shows the excentric 

position of the sipho, the shell not being much abraded on the siphonal side, but 

having lost considerably on the other side. 
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This species is readily distinguished by its close air-chambers, regular sutures 

~tnd the sub central position of the sipho. 

Formation and locality. -The larger of the specimens here figured is from the Galena horizon. two 
miles northeast of Spring Valley, Minnesota. The smaller specimen is probably from the same horizon, 
but its precise locality has been lost . 

.Museum Register, 'No. 140. 

CAMEROCERAS, sp. 

PLATE XLIX, FIG. 1. 

A single long fragment of a slender sipho, 378 mm. in length, 45 mm. in its 

circular cross-section at the larger end, has very broad septal furinels, and these make 

but slightly oblique or undulating ridges about the sipho. These are characters in which 

the specimen is quite unlike anything heretofore described. The directness of the 

septal funnels indicates a subcentral position of the sipho, while the length of the 

funnels is much greater than observed in other species. The length of these 

funnels IS from IS to 20 mm. and they are seen to very considerably overlap each 

other. 
The specimen indicates a distinct species of large size, though this example of 

the sipho constitutes our present knowledge of it. 

Formation and locality.-In the Trenton limestone at Cannon Falls, Minnesota. Collection of W. 
H. Scofield. 

CAMEROCERAS, sp. nov. 
PLATE Ll, FIGS. 5-7. 

Among the figures given by Bigsby in his work on the Geography and Geology 

of Lake Huron* is one which shows in section a Cameroceras with large marginal 

subtriangular sipho. No name has been applied to this American species, though 

the peculiar shape of the sipho indicates a form unlike any which bear names with 

us. Holm has described a species of this character from the Lower Silurian of 
Esthland (Endoceras gladius.H 

The specimen figured upon plate LI, figs. 5-7, is a very characteristie example 

of one of these bodies, having one side broad and flat and the other broadly rounded. 

The siphonal funnels on this cast are broad and distant, distinctly curved 

upward on the flat side, but regularly transverse on the rounded surface. l!'rom 

Bigsby's figure we infer that in their normal position in the shell these siphones 

were submarginal, had their curved surfa.ce towa.rds the conch and their flat side 
inwards. 

Formation and locality.-The specimen here figured is from the Trenton limestone at Zumbrota 
Goodhue county, Minnesota. 

11luseum Register, No. 3399. 

'Trans. Geolog. Soc. London, vol. i, pI. 26, tig. 1. 1H24. 
t Loc. cit., p. 13, pI. 2. 
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A single long fragment of a slender sipho, 378 mm. in length, 45 mm. in its 

circular cross-section at tbe larger end, bas very broad septal fminels, and tbese make 

but slightly oblique or undulating ridges about the sipbo. These are characters in whicb 

tbe specimen is quite unlike anything beretofore described. The directness of the 
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Formation and locality.-In the Trenton limestone at Cannon Falls, Minnesota. Collection of W. 
H. Scofield. 

CAMEROCERAS, sp. nov. 
PLATE Ll, FIGS. 5-7. 

Among tbe figures given by Bigsby in bis work on tbe Geograpby and Geology 

of Lake Huron* is one wbicb sbows in section a Cameroceras witb large marginal 

subtriangular sipbo. No name bas been applied to this American species, thougb 

the peculiar shape of the sipho indicates a form unlike any which bear names with 

us. Holm has described a species of this character from the Lower Silurian of 

Esthland (Endoceras gladius.}-l-

The specimen figured upon plate LI, figs. 5-7, is a very characteristie example 

of one of these bodies, having one side broad and flat and the other broadly rounded. 

The siphonal funnels on this cast are broad and distant, distinctly curved 

upward on the flat side, but regularly transverse on the rounded surface. l!'rom 

Bigsby's figure we infer that in their normal position in the shell these sip hones 

were submarginal, had their curved surface towards the conch and their flat side 
inwards. 

Formation and locality.-The specimen here figured is from the Trenton limestone at Zumbrota 
Goodhue county, Minnesota. 

Museum Register, No. 3399. 

'Trans. Geolog. Soc. Loudon, vol. i, pI. 20, fig;. 1. IH24. 
t Loc. cit., p. 13, pl. 2. 
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Family AOTINOCERATID-LE. 

Genus ACTINOCERAS, Bronn, 1837. 

ACTINOCERAS BIGSBYI Stokes, 1840. 

PI,ATE XLVII. FIGS. 15-17. 

Actinoceras bigsbyi STOKES, 1840. Trans. Geolog. Soc. London, sec. scr., vol. v, p. 707, (fig. in ditto, 
vol. i,pl. xxv, figs. 1-3. 1824). 

Compare Ormoceras tenuifil'tlm HALL. Paheontology 01' New York, vol. i p. 55, pI. xv, fig. I-Ie; pI. xn, 
figs. I-Ie; pI. XVII, figs. la, b. 

Considerable uncertai~ty must long remain in regard to the specific values of 

the various orthoceran shells illustrated by Bigsby in 1824 and obtained from 

Thessalon and other islands in lake Huron:» Of the several plates of iUustrations 

representing these, names were given only to the Huronias, and those by Stokes. It 

was only with the publication of Stokes' paper, cited above, that names were pro

posed for some, but not all of the examples of Actinoceras figured by Bigsby. All of 

these are weathered interiors, and there is an evident agreement among them all, 

including also those referred to the genus Orrnoceras, notwithstanding the fact that 

later investigations have tended to indicate a more recent age to the specie':> there 

termed Ormoceras backi and O. bayfieldi. Actinoceras bigsbyi is safely enough an early 

Trenton form, with many evident points of relationship to Hormoceras tenuifilum 

Hall, of the Black River limestone of New York. The two are undoubtedly conge

neric, though the New York specimens are not often retained in such a manner as to 

show the endosiphon and its radial canals. 

The Minnesota collections have furnished but two or three specimens which 

may be referred to this species, one exposing in vertical section twel ve air-chambers 

in a length of 105 mm., with a width at the upper end of 36 mm. and at the lower 

end of 25 mm. The other specimen consists of an internal cast of four air-chambers, , 
showing that the sipho is very large and excentric, extending quite to the margin. 

The great width, however, is at the lower surface of each air-chamber, its diameter 

greatly diminishing at the upper surface. The greatest width of the siphonal beads, 

extending thus into the chambers and resting with a broad base upon the septa, is 

fully two-thirds the diameter of the shell. The endosiphonal walls are thick 

especially where the beads are broadest, and the endosiphon seems to vary in size 

with its position in the shell. The casts of this tube show a wrinkled surface and 

bases of radial branches. 
Formation and locality.-In the Trenton limestone at Minneapolis, and at Garrick's quarry, near 

Rochester, Minnesota. 

Museum Register, No. 23, 159. ---
,*The title of Bigsby's paper Is: •. Notes on the Geography and Geology of Lake Huron." Trans., etc., VI)!. I. pp. 

177-209. ' 
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ACTINOCERAS BELOITENSE Whitfield, 1877. 

PLATE XLVII. FIG. 18. 

Orthoceras (Actwocer((s) beloitense WHITFIELD, 1877. Ann. Rept. State Geol. Wis. for 1877, p.97. 
Orthoceras (Actinoceras) beloitfJnse WnfTFIELD, 1882. Geology of Wisconsin, vol. iv, p. 226, pI. vrrr, 

fig. 1; pI. x, figs. 9, 10. 

Original description: "Shell large and robust, subfusiform, moderately expand

ing to the diameter of about four inche;;, then more graductlly decreasing in size to 

the aperture. Section oval in all the examples noticed, and usually a little more 

flattened on one side than on the other, with the siphuncle submarginal on the 

flattened side. Septa shallow and not often symmetrically arranged; from seven to 

eight chambers occupy a length equal to the diameter of the largest of the number 

measured; toward the outer portion of the shell the septa become more crowded, 

a~d just below the outer chamber are sometimes less than half the usual length. 

Siphuncle large, strongly beaded within the chambers, with lJ.ll inner core, in the 

casts, having radiating filaments extending to the center of the bead in each 

chamber. Surface of the shell unknown." 

This species is represented in the collections by two fragments, one retaining 

sufficient of the air-chambers to show the characteristic form, and also displaying 

the relatively small sipho which serves as a distinguishing feature from Actinoceras 

bigsbyi Stokes. The casts of the sipho in both specimens show a highly crenulated, 

gathered and puckered surface for the interior of the siphonal tube (endosiphon) 

and a series of fine canals connecting with the outer siphonal wall, below the funnel 

of each septum, ancl this possibly forming a means of communication between the 

enclosiphon and the air-chambers. Each cast of the endosiphon bears upon the 

proximal or siphonal side a deep longitudinal groove, representing a prominent 
ridge on the wall of this tube. 

Formation and locaZity.-In the Trenton limest.one at Janesville, Wisconsin. 
Museu'ilI Register, No. 8279. 

ACTINOCERAS REMOTISEPTUM Hall, 1850. 

PLATE LTV. FIGS. 1-:1. 

Ormoceras remotiseptuln HALL. Third Ann. Rep. N. Y. State Oab. Nat. Rist., p. 173, pI. IV, fig. 3. 

Original description: "Cylindrical, gradually tapering; septa moderately convex, 

distant half the diameter of the tube; siphuncle excentric, large, swelling moderately 

between the septa and but slightly contracted at the junction of the septa; character 
of the external surface unknown. 
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ACTINOCERAS BELOITENSE Whitf£eld, 1877. 

PLATE XLVII. FIG. 18. 

Orthoceras (Actwocer(lsj beloitense WHITFIELD, 1877. Ann. Rept. State Geol. Wis. for 1877, p.97. 
Orthoceras (Actinoceras) beloitlJnse WrrrTF'TELD, 1882. Geology of Wisconsin, vol. iv, p. 226, pI. vrrr, 

fig. 1; pI. x, figs. 9, 10. 

Original description: "Shell large and robust, subfusiform, moderately expand

ing to the diameter of about four inche~, then more graductlly decrea.sing in size to 

the aperture. Section oval in all the examples noticed, and usually a little more 

flattened on one side than on the other, with the siphuncle submarginal on the 

flattened side. Septa shallow and not often symmetrically arranged; from seven to 

eight chambers occupy a length equal to the diameter of the largest of the number 

measured; toward the outer portion of the shell the septa become more crowded, 

a~d just below the outer chamber are sometimes less than half the usual length. 

Siphuncle large, strongly beaded within the chambers, with :m inner core, in the 

casts, having radiating filaments extending to the center of the bead in each 

chamber. Surface of the shell unknown." 

This species is represented in the collections by two fragments, one retaining 

sufficient of the air-chambers to show the characteristic form, and also displaying 

the relatively small sipho which serves as a distinguishing feature from Actinoceras 

bigsbyi Stokes. The casts of the sipho in both specimens show a highly crenulated, 

gathered and puckered surface for the interior of the siphonal tube (endosiphon) 

and a series of fine canals connecting with the outer siphonal wall, below the funnel 

of each septum, ancl this possibly forming a means of communication between the 

enclosiphon and the air-chambers. Each cast of the endosiphon bears upon the 

proximal or siphonal side a deep longitudinal groove, representing a prominent 
ridge on the wall of this tube. 

Formation and locality.-In the Trenton limest.one at JaneSVille, Wisconsin. 

Museu'i1l Register, No. 8279. 

ACTINOCERAS REMOTISEPTUM Hall, 1850. 

PLATE LIV. FIGS. 1-:1. 

Ormoceras remotiseptUin HALL. Third Ann. Rep. N. Y. State Oab. Nat. Hist., p. 173, pI. IV, fig. 3. 

Original description: "Cylindrical, gradually tapering; septa moderately convex, 

distant half the diameter of the tube; siphuncle excentric, lctrge, swelling moderately 

between the septa and but slightly contracted at the junction of the septa; character 
of the external surface unknown. 
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"The specimen described is a fragment which is worn through the center of 

the siphuncle. The proportions of this part of the fossil and the great distance of 

the septa contrast very strongly with the Ormoceras tenu~fi.lum, and with other known 

species of the genus. 

"This species occurs in the higher part of the Trenton limestone, near Water

town, Jefferson county." 

A large specimen from Cannon Falls, Minnesota, measuring upward of 300 mm. 

in length, much more complete than the original specimen of Ormoceras remotiseptum, 

has the dimensional characters of the latter. and upon sectioning a few of the air

chambers it show8 a sipho in all respects like that of the type. The shell has been 

somewhat compressed, giving it a subelliptical cross-section where it was normally 

circular. 

The rate of expansion of the conch is very slow as shown by the fact that at 

the lower end the diameter is 46 mm., while at the upper end, the length of the 

specimen being 350 mm., the diameter is 70 mm. The portion preserved retains 

no part of the body-chamber, and in this length of 350 mm. there are thirteen 

air-chambers, which increase considerably in depth from below upward, the first 

having a depth of 20 mm., the last of 33 mm. The sutures are normal and regular, 

possibly a little inclined towards the siphonal side, while the septa are deep and 

regularly convex. The sipho is large and 8ubmarginal. At the 7th :5eptum, counting 

from below, the tranverse diameter of the sipho is 20 mm., that of the septum 58 

mm. In section it proves to be decidedly constricted at the septa and makes a 

broadly nummuliform expansion in the air-chamber8, its diameter there being one

third greater than at the septa. It is very thick-walled and is penetrated vertically 

through the center by a narrow canal or endosiphon which gives off more or less 

irregular branches into the substance of the endosiphonal wall. In the relative depth 

of the air-chamber8 and the general form of the shell this species presents an 

external resemblance to Hall's Orthoceras amplicameratum, from the Trenton lime

stone at Middleville. N. Y. In that species, however, the sipho appears to be small 

and Eluggests no relationship to Actinoceras. 

Formation and locality.-The single specimen observed is from the Trenton limestone at Oannon 
Falls, Minnesota. Oollection of W. H. Scofield. 

Family ORTHOCERATIDJE. 

Genus ORTHOCERAS, Breyn., 1732. 

The material representing this genus is measurably abundant, but not in very 

favorable condition for igentification, and probably represents a greater number of 
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"The specimen described is a fragment which is worn through the center of 

the siphuncle. The proportions of this part of the fossil and the great distance of 

the septa contrast very strongly with the Onnoceras tenU1jilurn, and with other known 

species of the genus. 

"This species occurs in the higher part of the Trenton limestone, near Water

town, Jefferson county." 

A large specimen from Cannon Falls, Minnesota, measuring upward of 300 mm. 

in length, much more complete than the original specimen of Onnoceras remotiseptuJn, 

has the dimensional characters of the latter, and upon sectioning a few of the air

chambers it shows a sipho in all respects like that of the type. The shell has been 

somewhat compressed, giving it a sub elliptical cross-section where it was normally 

circular. 

The rate of expansion of the conch is very slow as shown by the fact that at 

the lower end the diameter is 46 mm., while at the upper end, the length of the 

specimen being 350 mm., the diameter is 70 mm. The portion preserved retains 

no part of the body-chamber, and in this length of 350 mm. there are thirteen 

air-chambers, which increase considerably in depth from below upward, the first 

having a depth of 20 mm., the last of 33 mm. The sutures are normal and regular, 

possibly a little inclined towards the siphonal side, while the septa are deep and 

regularly convex. The sipho is large and imbmarginal. Atthe 7th septum, counting 

from below, the tranverse diameter of the sipho is 20 mm., that of the septum 58 

mm. In section it proves to be decidedly constricted at the septa and makes a 

broadly nummuliform expansion in the air-chambers, its diameter there being one

third greater than at the septa. It is very thick-walled and is penetrated vertically 

through the center by a narrow canal or endosiphon which gives off more or less 

irregular branches into the substance of the endosiphonal wall. In the relative depth 

of the air-chambers and the general form of the shell this species presents an 

external resemblance to Hall's Orthoceras arnplicarneraturn, from the Trenton lime

stone at Middleville, N. Y. In that species, however, the sipho appears to be small 

and suggests no relationship to Actinoceras. 

Formation and locality.-The single specimen observed is from the Trenton limestone at Cannon 
Falls, Minnesota. Collection of W. H. Scofield. 

Family ORTHOCERATIDJE; 

Genus ORTHOCERAS, Breyn., 1732. 

The material representing this genus is measurably abundant, but not in very 

favorable condition for identification, and probably represents a greater number of 
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species than are here made out. The annulated species are more readily 

distinguished by their surface variations, but among the smooth forms the exterior 

of the shell so rarely retains the surface sculpture that little ·basis remains for the 

determination of specific traits. No attempt is here made to follow the subgeneric 

distinctions introduced principally by Hyatt among orthoceran shells, as in the first 

place, the divisions are based largely upon variation in ornament and contour, and, 

secondly, our material is not sufficiently complete in its representation of the young 

stages to justify a subdivision of this kind. 

ORTHOCERAS NICOLLETI, sp. nov. 
PLATE LT. FIGS. 1-2. 

Tube of moderately large size, very gradually tapering, slightly arcuate III the 

original specimen, but this appears to be, to some extent, casual. Transverse section 

circular or subelliptical. Surface covered with strong, distant annulations which 

are sharp, rather narrow at the base, elevated and quite oblique in their direction, 

curving downward in traversing the shell from the convex (dorsal?) side to the inner 

side of the specimen. This obliquity increases very considerably toward the aper

ture. The annulations are separated by broad and deep constrictions whose width 

increases toward the aperture. Sutures transverse and even; septa regularly and 

somewhat deeply concave, crossing the shell in such a manner as to transect the 

annulations and constrictions. The interval between the septa appears to be about 

the same as that between the annulations, but this is not distinctly shown in the 

specimen, the suture and septum being clearly displayed only at the lower extrem

ity. The finer surface ornamentation, if such existed, is not retained. In a length 

of 145 mm. the shell bears eleven annulations, the distance between the first two on 

the outer or curved side being 11 mm., between the seventh and eighth, 15 mm. on 

the outer side, and 11 mm. on the inner. The depth of the septum exposed is 7 

mm. The diameter of the shell at its first annulation is 33 mm., at the last, 36 mm. 

This species is strikingly characterizad by its strong, oblique annulations and 

slender tube. It is, perhaps, most closely allied to the Orthoceras olorus Hall, but its 

difference in the features mentioned serve to distinguish it. 

Form,dion and localitY.-In the Trenton limestone at Belle Oreek, Minnesota. Oollection of W. H. 
Senile]rl. 

ORTHOCERAS ANELLUS Conrad, 1843. 
PLATE XLIII. FIGS. 22-23. 

Orthocera.~ annellus CONRAD, 1843. Proc. Acad. Nat. Sci. Phila., vol i, p. 334. 
Orthoceras anellum HALL, 1847. Pal::eontology of New York, vol. i, p. 202, p1.1XLIII, figs. 6a-f. 

To this species are assigned two fragments of small conchs characterized by their 

very gradually expanding sides, sharp, regul~r, almost imperceptibly arcuate annu~ 
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speCIes than are here made out. The annulated species are more readily 

distinguished by their surface variations, but among the smooth forms the exterior 

of the shell so rarely retains the surface sculpture that little ·basis remains for the 

determination of specific traits. No attempt is here made to follow the subgeneric 

distinctions introduced principally by Hyatt among orthoceran shells, as in the first 

place, the divisions are based largely upon variation in ornament and contour, and, 

secondly, our material is not sufficiently complete in its representation of the young 

stages to justify a subdivision of this kind. 

ORTHOCERAS NICOLLETI, sp. nov. 
PLATE LT. li'IGS. 1-2. 

Tube of moderately large size, very gradually tapering, slightly arcuate III the 

original specimen, but this appears to be, to some extent, casual. Transverse section 

circular or subelliptical. Surface covered with strong, distant annulations which 

are sharp, rather narrow at the base, elevated and quite oblique in their direction, 

curving downward in traversing the shell from the convex (dorsal?) side to the inner 

side of the specimen. This obliquity increases very considerably toward the aper

ture. The annulations are separated by broad and deep constrictions whose width 

increases toward the aperture. Sutures transverse and even; Bepta regularly and 

somewhat deeply concave, crossing the shell in such a manner as to transect the 

annulations and constrictions. The interval between the septa appears to be about 

the same as that between the annulations, but this is not distinctly shown in the 

specimen, the suture and septum being clearly displayed only at the lower extrem

ity. The finer surface ornamentation, if such existed, is not retained. In a length 

of 145 mm. the shell bears eleven annulations, the distance between the first two on 

the outer or curved side being 11 mm., between the seventh and eighth, 15 mm. on 

the outer side, and 11 mm. on the inner. The depth of the septum exposed is 7 

mm. The diameter of the ~hell at its first annulation is 33 mm., at the last, 36 mm. 

This species is strikingly characterizad by its strong, oblique annulations and 

slender tube. It is, perhaps, most closely allied to the Orthoceras olorus Hall, but its 

difference in the features mentioned serve to distinguish it. 

Forllwtion and locality.-In the Trenton limestone at Belle Creek, Minnesota. Collection of W. H. 
Scofield. 

ORTHOCERAS ANELLUS Conrad, 1843. 
PLATE XLIII, FIGS. 22-23. 

Orthocera.~ annellus CONRAD, 1843. Proc. Acad. Nat. Sci. Phila., vol i, p. 334. 
Orthoceras anellmn HALL, 1847. Palaoontology of New York, vol. i, p. 202, pl.'XLIII, figs. 6a-f. 

To this species are assigned two fragments of small conchs characterized by their 

very gradually expanding sides, sharp, regular, almost imperceptibly arcuate annu~ 
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lations separated by furrows of equal width; sutures regular and lying in the 

horizontal furrows, septa deeply concave and regular, and surface markiugs consisting 

of fine, closely-set longitudinal lines slightly alternating in size. 

These are characters agreeing with the ea,riy descriptions cited, and serve to 

distinguish the species from Orthoceras bilineatuln, in which the shell expands more 

rapidly and the concentricstrim, which are here obscured or absent, are conspicuously 

developed. 

Formation ancl loeality.-In the Tn~nton shales at Minneapuiis, Minnesota; also at McGregor, Iowa. 

Museum Register, No. 8290. 

ORTHOOERAS PERROTI, sp. nov. 

PLATE LIV. FIGS. 4 alld 5. 

Shell moderately large, very gradually expctnding. Cross-section broadly 

subelliptical, nearly circular. Surface covered by closely-set annulations about 

2 mm. in width, separated by somewhat narrower transverse furrows. Sixteen of 

these annulations, of equal size and at regular interspaces, occur in a length of 

41 mm. These ridges and furrows are crossed by a clou ble series of vertical elevated 

lines alternating in size, upon the summits of the annulations being very conspicuous 

and developed into lamellar expansions. This character (one secondary lamella 

between each two primary lamellm) is maintained over the entire surface, apparently 

without the intercalation of other series. Where best preserved, the surface affords 

no evidence of concentric lines. Sutures regular and transverse; septa evenly 

concave, moderately deep; sipho small and central. 
The specimen showing the above characters is a well-preserved silicified 

fragment retaining the exterior with unusual delicacy. Its length is 50 rum., its 

greatest width 30 mm., and its minor axis at the same plane 26 mm. The species is 

allied to Orthocems olorus Hall, but its distinguishing features will be found in the 

closer annulations and the different composition of the ornament. 

Formation ancl loeality.-In the Hudson River group at Granger. Minnesota. 

ORTHOOERAS LESUEURI, sp. nov. 

PLATE LUI. FIG. 4; PLATE LV, FIGS. 8 and 9. 

Shell rather small, slender; subelliptical in cross-section. Surface covered with 

numel'OUs fine, neal'ly transverse or vel'y slightly oblique annulations, which are 

narrow at the base, abruptly elevated, sloping equally above and below, and separa

ted by grooves somewhat broader than the annulations themselves. The latter 

make a very slight backward curve on the dorsal and ventral surfaces, with a broad 
-50 
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lations separated by furrows of equal width; sutures regular and lying in the 

horizontal furrows, septa deeply concave and regular, and surfcLce markiugs consisting 

of fine, closely-set longitudinal lines slightly alternating in size. 

These are characters agreeing with the ea,rly descriptions cited, and serve to 

distinguish the species from Orthoceras bilineatuln, in which the shell expands more 

rapidly and the concentric strim, which are here obscured or absent, are conspicuously 

developed. 

Formation and locality.-In the Tn~nton shales at Minneapuiis, l\1innesuta; ptlsu at McGregur, Iowa. 

Museum Register, No. 8290. 

ORTHOCERAS PERROTI, sp. nov. 

PLATE LIV. FIGS. ~ alld 5. 

Shell moderately large, very gradually expctncling. Cross-section broadly 

subelliptical, nearly circular. Surface covered by closely-set annulations about 

2 mm. in width, separated by somewhat narrower transverse furrows. Sixteen of 

these annulations, of equal size and at regular interspaces, occur in a length of 

41 mm. These ridges and furrows are crossed by a double series of vertical elevated 

lines alternating in size, upon the summits of the annulations being very conspicuous 

and developed into lamellar expansions. This character (one secondary lamella 

between each two primary lamel1m) is maintained over the entire surface, apparently 

without the intercalation of other series. W here best preserved, the surface affords 

no evidence of concentric lines. Sutures regular and transverse; septa evenly 

concave, moderately deep; sipho small and centra1. 

The specimen showing the above characters is a well-preserved silicified 

fragment retaining the exterior with unusual delicacy. Its length is 50 mm., its 

greatest width 30 mm., and its minor axis at the same plane 26 mm. The species is 

allied to Orthoceras olorus Hall, but its distinguishing features will be found in the 

closer annulations and the different composition of the ornament. 

Formation and locality.-In the Hudson River group at Granger. Minnesota. 

ORTHOCERAS LESUEURI, sp. nov. 

PLATE LUI. FIG. 4; PLATE LV. FIGS. 8 and O. 

Shell rather small, slender; sub elliptical in cross-section. Surface covered with 

numerous fine, nearly transverse or very slightly oblique annulations, which are 

narrow at the base, abruptly elevated, sloping equally above and below, and separa

ted by grooves somewhat broader than the annulations themselves. The latter 

make a very slight backward curve on the dorsal and ventral surfaces, with a broad 
-50 
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curva,ture anteriorly at the sides. They are not crossed by vertical surface lines as 

far as shown by internal and external casts. 

Sutures regularly transverse, each lying at the bottom of one of the horizontal 

constrictions. These appear to follow the curvature of the constrictions and annu

lations, and it may hence be inferred that the latter, which are slight, are to some 

extent increased by, if not due to vertical compression of the shell-tube. In a 

length of 31 mm. there are fifteen annulations. 

Septum moderately deep; position of sipho not known. 

The species is sufficiently distinguished by the character of its annulations, the 

position of the septa with reference to the former and the absence of a lineate 

surface ornament. This seems to me to be the same species as that referred to by 

Prof. Hall as "Orthoceras (species nnclermined),"* from the Trenton limestone at 

Middleville, N. Y. 

The length of the original specimen is 67 mm.; its diameter at the lower end, 

11 mm.; at the upper end, 13 mm. 

Formation awl locality.-In the Trenton lillle,;tone, Cannon Falls, Minnesota. 

ORTHOCERAS BILINEATUM Hall, 1847. 

PLATE X LVll, lliGS. 20 anu 21; PLATE LI'I. FIGS. 6 and 7. 

Orthoceras bilineatum HALL. 1817. PalaJontology of New York, vol. i, p. 1\)9., pI. XLIII, figs. 2a-d. 

Shell of rather small size, gradually expanding; cross-section subcircular. 

Surface for a considerable distance over the apical region, smooth; but concentric 

annulations gradually develop, those fir.st appearing being very obscure, those 

succeeding of increasing strength, until they present the aspect of strong, rather 

oblique or undulating ridges which are not sharply elevated, but become broader 

and more conspicuous toward the aperture. rrhe constricted inter.spaces, which are 

somewhat wider than the annulations, also become broader toward the body

chamber. In one example there are eighteen annulations in a length of 63 mm.; 

in another fifteen in a length of 50 mm. In a third example the shell is virtually 

free of annulations for a distance of about 50 mm., and has a diameter of 14- mm. 

where the annulations are first well developed. The apertural diameter of an 

average individua.l is probably not more than 20 mm. with an entire length of 150 

mm. These estimates are somewhat conjectural but are based upon the best 
preserved of numerous examples. 

• Palm )11~)10';Y of New Y"rk, vol. i, p. 203, pI. XLIII, fig. 8. 
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cun'ature anteriorly at the sides. They are not crossed by vertical surface lines as 

far as shown by interna,l and external casts. 

Sutures regularly transverse, each lying at the bottom of one of the horizontal 

constrictions. These appear to follow the curvature of the constrictions and annu

lations, and it may hence be inferred that the latter, which are slight, are to some 

extent increased by, if not due to vertical compression of the shell-tube. In a 

length of 31 mm. there are fifteen annulations. 

Septum moderately deep; position of sipho not known. 

The species is sufficiently distinguished by the character of its annulations, the 

position of the septa with reference to the former and the absence of a lineate 

surface ornament. This seems to me to be the same species as that referred to by 

Prof. Hall as "Orthoceras (species wlclermined),"* from the Trenton limestone at 

Middleville, N. Y. 

The length of the original specimen is 67 mm.; its diameter at the lower end, 

11 mm.; at the upper end, 13 mm. 

Formation and loca/ity.-In the Trentun lillle,tone, Cannon Falls, Minnesota. 

ORTHOOERAS BILINEATUM Hall, 1847. 

PLATE X LVIl. If LGS. ~o ,.end 21; PLATE LI 'I, FIGS, 6 and 7, 

Orthoceras bilincatutn HALI.. 18!7. PahDunto]ogy uf New Yurk, vul. i, p. 199., pl. XLUI, figs. 2a-d. 

Shell of rather small size, gradually expanding; cross-section subcinmlar. 

Surface for a considerable distance over the apical region, smooth; but concentric 

annulations gradually develop, those first appearing being very obscure, those 

succeeding of increasiog strength, un til they present the aspect of strong, rather 

oblique or undulating ridges which are not sharply elevated, but become broader 

and more conspicuous toward the aperture. The constrict.ed interspaces, which are 

somewhat wider than the annulations, a Iso become broader toward the body

chamber. In one example there are eighteen annulations in a length of 63 mm.; 

in another fifteen in a length of 50 mm. In a third example the shell is virtually 

free of annulations for a distance of about 50 mm" and has a diameter of 14- mm. 

where the annulations are first well developed. The apertural diameter of an 

average individual is probably not more than 20 mm. with an entire length of 150 

mm. These estimates are somewhat conjectural but are based upon the best 
preserved of numerous examples . 

• Pu.l::c )O~)106Y or New Yurk, vol. i, p. 203, pI. XLIII, fig. 8. 
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The surface is ornamented by coarse and fine vertical, elevated lines, reticulated 

by extremely fine horizontal lines. Toward the apex, over the smooth portion of 

the shell, the vertical lines occur in two simple series; where the shell has a diame

ter of 7 mm. there are twel ve lines of the first order, between each two lying one of 

a secondary series. As growth advances these lines rapidly multiply by intercala

tion, and the alternation in the size of the striffi becomes decidedly less pronounced. 

OlTer the annulated and later portions of the shell the ornamentation becomes 

proportionally very much finer but the regularly alternating size of the lines is 

maintained throughout. . The horizontal ::;tric:e are exceedingly fine and often not 

retained. Where crossing the other series they are usually elevated into slight 

nodes or projections. 

Sipho small and nearly central. The septa are rather shallow and the sutures 

regularly transverse and without undulations. They bear no definite relation to the 

annulations. Over the early, smooth portion of the shell they appear to be relatively 

distant on a0count of the narrowness of the shell, there heing seven air-chambers in 

a length of 17 mm., in another specimen five in a length of 12 mm. They do not 

greatly vary in depth with the increase in the diameter of the shell. The sutures 

being usually transverse, cross the more or less oblique annulations and constrictions, 

variously tl'ansecting, or at times lying wholly within a given furrow. 

The original description of this fossil was based upon specimens showing only 

the adult characters of the species. The existence of specimens in the material in 

hand, showing in a single example the gradual change from a smooth to an annu

lated shell, brings out an interesting fact in regard to the morphic variation through 

which other annulated species are known to pass. It has, for example, been shown by 

Hall* that the embryonic tip of the shell of Orthoceras crotalwll, an annulatecl 

Devonian species, is smooth, and also that the vertical strice are well developed 

much before the appearance of the annulations. In that species, however, the 

smooth portion of the shell is very short and greatly abbreviated in comparison with 

that of O. bilineatum. The passage of the shell of O. crotalum through the smooth 

stage is highly accelerated, while its longer duration in O. bilineatum more forcibly 

suggests the phyletic as well as indiVidual relation of the non-annulated to the 

annulated forms of this genus. 

It is, however, to be observed that the degree to which the apical smooth shell 

of O. bilineatum is retained is in a certain sense an individual peculiarity. Some 

specimens develop the annulations much earlier than others, and those which retain 

the smooth shell to a considerably later period preserve for a longer period an 

infantile character. 
* Palreontology of l'iew York, vol, v, pt. ii, pI. O.x:IH, fig. 13. 
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The surface is ornamented by coarse and fine vertical, elevated lines, reticulated 

by extremely fine horizontal lines. Toward the apex, over the smooth portion of 

the shell, the vertical lines occur in two simple series; where the shell has a diame

ter of 7 mm. there are twel ve lines of the first order, between each two lying one of 

a secondary series. As growth advances these lines rapidly multiply by intercala

tion, and the alternation in the size of the striffi becomes decidedly less pronounced. 

Oller the annulated and later portions of the shell the ornamentation becomes 

proportionally very much finer but the regularly alternating size of the lines is 

maintained throughout. . The horizontal stri<:e are exceedingly fine and often not 

retained. Where crossing the other series they are usually elevated into slight 

nodes or projections. 

Sipho small and nearly central. The septa are rather shallow and the sutures 

regularly transverse and without undulations. They bear no definite relation to the 

annulatiom;. Over the early, smooth portion of the shell they appear to be relatively 

distant on a0count of the narrowness of the shell, there being seven air-chambers in 

a length of 17 mm., in another specimen five in a length of 12 mm. They do not 

greatly vary in depth with the increase in the diameter of the shell. The sutures 

being usually transverse, cross the more or less oblique annulations and constriction8, 

variously transecting, or at times lying wholly within a given furrow. 

The original description of this fossil was based upon specimens showing only 

the adult characters of the species. The existence of specimens in the material in 

hand, showing in a single example the gradual change from a smooth to an annu

lated shell, brings out an interesting fact in regard to the morphic variation through 

which other annulated species are known to pass. It has, for example, been shown by 

Hall* that the embryonic tip of the shell of Orthoceras crotalum, an annulated 

Devonian species, is smooth, and also that the vertical strilB are well developed 

much before the appearance of the annulations. In that species, however, the 

smooth portion of the shell is very short and greatly abbreviated in comparison with 

that of O. bilineatum. The passage of the shell of O. crotalwn through the smooth 

stage is highly accelerated, while its longer duration in O. bilineatum more forcibly 

suggests the phyletic as well as individual relation of the non-annulated to the 

annulated forms of this genus. 

It is, however, to be observed that the degree to which the apical smooth shell 

of O. bilineatum is retained is in a certain sense an individual peculiarity. Some 

specimens develop the annulations much earlier than others, and those which retain 

the smooth shell to a considerably later period preserve for a longer period an 

infantile character. 
• Palillontology of l'ew York, vol, v, pt. ii, pI. eXIH, fig. 13. 
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lOrthocel'as olorus .. 

Formation and locality.-In the Trenton horizon at Minneapolis (Lake Street hridge), Pleasant 
Grove, St. Paul, Cannon Falls and Fountain, Minoesota; in the Galena shales at Warsaw, Minnesota. 

The original specimens were from the lower and middle parts of the Trenton limestone at Middle
ville and elsewhere, New York. 

Museum Register, Nos. 350, 081. 

ORTHOCERAS OLORUS Hall, 1877. 

PLATE LV. FIGS. 3 and 4. 

Orthoceras vertebrale HALL, 1847. Palmontolog'y of New York, vol. i, p. 201, pI. XLUI, ftg~. 5a-c. 
Orthoceras olorus HALL, 1877. In Miller's American Paheozoic l<'ossils, p. 245. 

To this species are refened a few specimens with rather distant, narrow and 

elevated annulations, which are slightly undulating and are traversed by alternating 

elevated vertical sh'irn and the.3e cro::;sed by extremely fine horizontal lines. None 

of the material is good and such characters as are retained by the specimens show 

no great dissimilarity from the original. The septum is moderately convex, the 

sipbo subcentral and the sutures, in the only example where clearly shown, follow 

the annulations and lie in the bottom of the constrictions. The species has a general 

resemblance to Orthoceras perroti, but differs in its more distinct and stronger 

annulations. In one example there are nine annulations in a length of 45 mm.; in 

another, five in a lengtb of 25 mm. The diameter of the shell in both of these is 

about 30 mm. 

Fm'malion and locality.-In the lower blue beds ot the Trenton limestone, Mineral Point and Janes
ville, Wisconsin; St. Charles ancI Holden, Minnesota; Galena shales, at Wykoff, Minnesota. 

MlIs~um Register, Nos. 252, 379, 8291, 8292. 

ORTHOOERAS .TENUISTRIATUM Hall, 1847. 

PLATE LV. FIGS. 5 and 6. 

Endoceras protei/olme, var. ienuisir-iaturn HALL, 1847. Palmontology of :New York, vol. i, p. 209, 
pI. XL V, figs. la-b; pI. XLVII, figs. la-b, 2~-c. 

Shell long, straight, gradually expanding. Sutures direct; septum regularly 

concave and very sligbtly oblique. Sipbo subcentral, small. 

Surface of the shell without annulations or ridges; marked by fine, crowded 

horizontalline8, somewhat undulating or irregular, often running into one another, 

rounded on the summit and subimbricating, separated by low furrows and divided 

at irregular intervals by a furrow of more than average width. These horizontal 

lines and furrows are crossed by extremely fine vertical lines seen only under 

magnification. Thanks to incarceration in the siphonal cavity of Cameroceras, one 

example of this species shows the surface ornamentation in a highly satisfactory 

manner. It even retains a series of narrow vertical bands which do not in any way 

• 

788 THE PALEONTOLOGY OF MINNESOTA. 
lO rthocel'as oloru8. 

Formation and locality.-In the Trenton horizon at Minneapolis (Lake Street hridge), Pleasant 
Grove, St. Paul, Cannon Falls and Fountain, Minuesota; in the Galena shales at Warsaw, Minnesota. 

The orig-inal specimens were from the lower and middle parts of the Trenton limestone at Middle
ville and elsewhere, New York. 

Museum Register, Nos. 350, 081. 

ORTHOCERAS OLORUS Hall, 1877. 

PLATE LV. FIGS. 3 and 4. 

01'thoceras vel'tebrale HALL, ]847. Palmon tolog'y of New York, vol. i, p. 201, pI. XLUI, figs. 5a-c. 
Orthocems oloTtls HALL, 1877. In Miller's American Pai<Bozoic Fossils, p. 245. 

To this species are referred a few specimens with rather distant, narrow and 

elevated annulations, which are slightly undulating and are traversed by alternating 

elevated vertical strice and the.3e cro::;sed by extremely fine horizontal lines. None 

of the material is good and such characters as are retained by the specimens show 

no great dissimilarity from the original. The septum is moderately convex, the 

sipbo subcentral and the sutures, in the only example where clearly shown, follow 

the annulations and lie in the bottom of the constrictions. The species has a general 

resemblance to Orthoceras perrot I, but differs in its more distinct and stronger 

annulations. In one example there are nine annulations in a length of 45 mm.; in 

another, five in a length of 25 m m. The diameter of the shell in both of these is 

about 30 mm. 

FOj'malion and localily.-In the lower blue beds ot the Trenton li lllestone, Mineral Point and Janes
ville, Wisconsin; St. Charles ami Holden, Minnesota; Galena shales, at Wykoff, Minnesota. 

MlIs~um Register, Nos. 252, 379, 8291, 8292. 

ORTHOCERAS TENUISTRIATUM Hall, 1847. 

PLATE LV. FIGS. 5 and 6. 

Endoceras protei/olme, rar. lenuislr-iatum HALL, 1847. Palmontology of New York, vol. i, p. 209, 
pI. XLV, figs. la-b; pI. XLYlI, figs. la-b, 2~-c. 

Shell long, straight, gradually expanding. Sutures direct; septum regularly 

concave and very slightly oblique. Sipho subcentral, small. 

Surface of the shell without annulations or ridges; marked by fine, crowded 

horizontalline8, somewhat undulating or irregular, often running into one another, 

rounded on the summit and subimbricating, separated by low furrows and divided 

at irregular intervals by a furrow of more than average width. These horizontal 

lines and furrows are crossed by extremely fine vertical lines seen only under 

magnification. Thanks to incarceration in the siphonal cavity of Cameroceras, one 

example of this species shows the surface ornamentation in a highly satisfactory 

manner. It even retains a series of narrow vertical bands which do not in any way 

• 



CEPHALOPODA. 789 
Jrtboceras sooiale.l 

interrupt the surface sculpture, but have the appearance of opaque or dull Jines 

upon the shining surface of the shell. These I presume to be traces of color lines. 

Formation and locality.-In the Trenton limestone, Cannon Falls, Minnesota. Collection of W. H. 
Scofield. 

ORTHOCERAS SOCIALE Hall, 1877. 

PLATE LY, FIG. 7. 

Orthoceras gregariu'ln HALL, 1861. Rept. Supt. Geol. Surv. Wisconsin, p. 46. 
Orthoceras sociale HALL, 1877. In Miller's North A rnerican Palmozoie .Fossils, 2d eel., p. 245. 

Original description: "Shell of medium size, gradually expanding from the 

apex, transverse section circular. Septa deeply concave, not very distant., varying 

from six to nine in the space of an inch. according to age. Siphuncle central in 

young specimens, often becoming subcentral or quite excentric in old individuals." 

This species which is better known from the general diffusion in collections of 

the fine specimens occurring in rocks of the Hudson River horizon in the Maquoketa 

region of Iowa than from any published accounts or illustration, is represented in 

the collections of the Minnesota survey by excellent representatives from Graf, 

Iowa. There are also a few examples from the Trenton and Galena horizons at 

Cannon Falls which bear very much the same proportions, symmetrical form and 

general aspect of O. sociale a,nd hence suggest the presence of that species in these 

rocks. 

ORTHOCERAS BELTRAMII, sp. nov. 

PLATE LV. FIG. 10. 

Shell very small, straight., very gradually expanding; cross-section subelliptical; 

external surface smooth, so far as known. Sutures direct, without lobes or undula

tions. Air-chambers very deep. The specimen upon which the species is 

founded is imperfect at the apical end, but retains most of the body-chamber. Its 

length is 29 mm.; its lower diameter 2 mm.; its apertural diameter, 3.5 mm. It 

bears fourteen air-chambers in a length of 21 mm., the body-chamber being 8 mm. 

in length. 

Formation and locality.-In the Galena sbales at Wykoff, Minnesota. Collect.ion of Dr. C. H. 
Robbins. 

ORTHOCERAS MULTICAMERATUM Emmons, 1842. 

Orthoceras multicameratus EMMONS, 1842. Geology of New York, Rept. Second Dist., p. 382, fig. 93. 
Orthoceras multicameratum HALL, 1847. PahBontology of New York, vol. i, p. 45, pI. XI, figs. la-c. 

Original description: "Extremely elongate, slender, very gradually tapering to 

an acute point; surface apparently smooth or girt with slight undulations; septa 
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CEPHALOPODA. 789 
Jrthoceras sociale.l 

interrupt the surface scu1pture, but have the appearance of opaque or dull lines 

upon the shining surface of the shelL These I presume to be traces of color lines. 

Formation and locality.-In the Trenton limestone, Cannon Falls, Minnesota. Collection of W. H. 
Scofield. 

ORTHOCERAS SOCIALE Ha11, 1877. 

PLATE LY, FIG. 7. 

Orthoceras gregarimlt HALL, 1861. Rept. Supt. Geol. Surv. Wisconsin, p. 46. 
Orthoceras sociale HALL, 1877. In Miller's North American Palmozoic Fossils, 2d eel., p. 245. 

Original description: "Shell of medium size, gradually expanding from the 

apex, transverse section circular. Septa deeply concav€', not very distant., varying 

from six to nine in the space of an inch. according to age. Siphuncle central in 

young specimens, often becoming subcentral or quite excentric in old individuals." 

This species which is better known from the general diffusion in collections of 

the fine specimens occurring in rocks of the Hudson River horizon in the Maquoketa 

region of Iowa than from any published accounts or illustration, is represented in 

the collections of the Minnesota survey by excellent representatives from Graf, 

Iowa. There are also a few examples from the Trenton and Galena horizons at 

Cannon Falls which bear very much the same proportions, symmetrical form and 

general aspect of O. sociale a,nd hence suggest the presence of that species in these 

rocks. 

ORTHOCERAS BELTRAMII, sp. nov. 

PLATE LV, FIG. 10. 

Shell very small, straight., very gradually expanding; cross-section subelliptical; 

external surface smooth, so far as known. Sutures direct, without lobes or undula

tions. Air-chambers very deep. The specimen upon which the species is 

founded is imperfect at the apical end, but retains most of the body-chamber. Its 

length is 29 mm.; its lower diameter 2 mm.; its apertural diameter, 3.5 mm. It 

bears fourteen air-chambers in a length of 21 mm., the body-chamber being 8 mm. 

in length. 

Formation and locality.-In the Galena shales at Wykoff, Minnesota. Collection of Dr. C. H. 
Robbins. 

ORTHOCERAS MULTICAMERATUM Emmons, 1842. 

Orthoceras multicameratus EIlUJlONS, 1842. Geology of New York, Re pt. Second Dist., p. 382, fig. 93. 
Orthoceras multicameratum HALL, 1847. PahBontolog-y or New York, vol. i, p. 45, pI. XI, figs. la-c. 

Original description: "Extremely e10ngate, slender, very gradually tapering to 

an acute point; surface apparently smooth or girt with slight undulations; septa 



790 THE PALEONTOLOGY OF MINNESOTA. 
L Orthoceras junceulll. 

thin, gently arched, distant from one-fourth to one-twelfth the diameter; siphuncle 

a cylindrical ventral tube; outer chamber very deep." (Hall, loco cit.) 

This species appears to be represented by various imperfect examples of some

what smaller size than the New York specimens, but otherwise agreeing with the 

above description and the original figures. 

Formation and locality.-Not uncommon in the Trenton limestone at Minneapolis; in the Trenton 
shales at St. Paul, Eyota, Lanesboro ani! Fountain, and t·he Galena limestone at Rockdell, Minnesota. 
In the lower blue beds of the Trenton at Mineral Point, Wisconsin, and in the upper buff beds at ROCk
ton, Illinois. Also common in the Birdseye limestone at Watertown and elfiewhere, New York. 

1IJuseum Register, Nos. 721,4049,4052,5045,5112,5578,7927,8276,8277,8278. 

ORTHOCERAS .JUNCEUM JIrtll, 1847. 

Orthorems junceU1n HALL, ]847. Pala-ontologyof New York, vol. i, p. 204, pl. XLVII, figs. 3a-f. 

To this species are referred a few internal casts of small shells, with circular 

cross-section, central sipho, regular and equidistant septa. The original description 

of the species is as follows: "Slender, terete-cylindrical, tapering very gradually; 

septa thin, distant from one-fourth to one-third the diameter; siphuncle small, 

central, section circular; surface finely striated transversely, but without longitu

dinal strial." 

Formation and locality.-In the Trenton shales at Minneapolis and near Fountain, Minnesota. In 
t,he lower blue beds at J~nesville, Wiseonsin. 

Museum Registel', Nos. 716, 8280, 8281, 8282. 

ORTHOCERAS compare AMPLICAMERATUM Hall, 1847. 

PLATE XLVII, FIG. 19. 

Cf. O1·thoceras amplicameratu1n HALL, 1847. Pahe.ontology of New York, vol. i, p. 205, pl. LI, figs. la-g. 

There are a few moderately large fragments of orthoceran casts which present 

an agreement with this species in general aspect and depth of the air-chambers. In 

the original description, based on much more complete examples than are here 

afforded, the species is thus characterized: "Teretely cylindrical, extremely 

elongated, very gradually tapering; outer chamber profound; septa distant about 

one· third the diameter, very conve, siphuncle excentric, small; surface ~; section 
circular." 

In one of our specimens the external surface appears to have borne fine, equi
distant, longitudinal strial. 

Formation and locality.-From near the base of the Galena limestone at Preston, Minnesota; in the 
lower blue heds of the Trenton at Mineral Point, Wisconsin. 

Museum Registel', Nos. 8285,8286, 8287. 
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LOrthoceras junc~um. 

thin, gently arched, distant from one-fourth to one-twelfth the diameter; siphuncle 

a cylindrical ventral tube; outer chamber very deep." (Hall, loco cit.) 

This species appears to be represented by various imperfect examples of some

what smaller size than the New York specimens, but otherwise agreeing with the 

above description and the original figures. 

FOl1nai£on and Zocality.-Not uncommon in the Trenton limestone at Minneapolis; in the Trenton 
shales at St. Paul, Eyota, Lanesl)oro ann Fountain, and t·he Galena limestone at Rockdell, Minnesota. 
In the lower !Jlue veils of tbe Trenton at Mineral Point, Wisconsin, and in the upper buff beds at Rock
ton, Illinois. Also common in the Birdseye limestone at Watertown and elsewhere, New York. 

JJht8eU112 RegistfT, Nos. 721,4040, 4052, 50~5, G112, 5578,7927,8276,8277,8278. 

ORTHOCERAS .JUNCEUM [[(t11, 1847. 

Ol'thorera8 juncemn HALL, ]847. Pal~I'nntnlogy of New York, vol. i, p. 20,1, pI. XLVII, figs. 3a-f. 

To this species are referred a few internn,[ casts of small shells, with circular 

cross-section, eentral sipho, regular and equidistant septa. The original description 

of the species is as follows: "Slender, terete-cylindrical, tapering very gradually; 

septa thin, distant from one-fourth to one-third the diameter; siphuncle small, 

eentral, section circular; sUl'faee finely striated transversely, but without longitu

dinal strice." 

F01'mation and locality.-In the Trenton shales at Minneapolis anel near Fountain, Minnesota. In 
t.be l()wer lllue beds at Janesville, Wisconsin. 

Museum Register, Nos. 7 J(), 8280, ~~8I, 8282. 

ORTHOCERAS compare AMPLICAMERATUM Hall, 1847. 

PLATE XLVII, FIG. 19. 

Cf. 01,thoceras cunplicamel'atUln HALL, 1847. Paheontology of New York, vol. i, p. 205, pl. LT, figs. la-p. 

There are a few modemtely large fragments of orthoceran casts which present 

an agreement with this species in geneml aspect and depth of the air-chambers. In 
the original description, based on much more complete examples than are here 

afforded, the species is thus characterized: "Teretely cylindrical, extremely 

elongated, very gradually tapering; outer chamber profound; septa distant about 

one-third the diameter, very conve, siphuncle excentric, small; surface ~; section 
circular." 

In one of our specimens the external surface appears to have borne fine, equi
distant, longitudinal strice. 

Formation and locaZity.-From near the base of the Galena limestone at Preston, Minnesota; in the 
lower blue bed,; of tbe Trenton at Mineral Point, Wisconsin. 

Museum Register, Nos. 8285, 8286, 8287. 



CEPHALOPODA. 791 
Trlptoceras planoconvexuID·l 

Family EUDOOERATID~. 

This group was erected by Hyatt to include ortllOceran shells having a greatly 

compressed form, broad lobes and narrow saddles, with transverse section fusiform 

or subtriangular. The family was designed by its author to embrace the genera 

Eudoceras, (Hall) Hyatt, Triptocems, Hyatt, Edaphoceras, Hyatt., and Enrlolobus, Meek 
and Worthen. 

Genus TRIPTOCERAS, Hyatt, 1883. 

Compressed orthoceran shells with broad ventral and dorsal lobes and acute 

lateral saddles; sipho ventral. The shell may he slightly arcuate hut is usually 

straight at maturity; in transverse section subtriangular. 

TRIPTOCERAS PLANOCONVEXUM IIa 1l, 1861. 

PLATE LVI. FIG. 3; PLATE LVIT, FIG. 1 

Orthoceras planoconvexum HALL, 1861. Rept. Supt. Geol. Hurv. Wis., p. 47. 
Orthoceras planoconvexunz WHITFIELD, 1882. Geology of Wisconsin, vol. iv, p. 228, pI. VII, fig. H. 

Original description: "Shell of medium size, gradually expanding from the 

apex toward the outer chamber, plano-convex; transverse section semicircular or 

subtriangular, the diameters as five to nine, The convex side a little depressed on 

each side of the middle, the opposite side nearly flat, the edges abruptly rounded. 

Septa moderately concave, arching upwards on the sides, somewhat closely arranged, 

about five in half an inch. "Siphuncle small, centrd.l, A specimen of the outer 

chamber, apparently of this species, is a little more than two and a half inches in 

length, one inch and an eighth in width, the short diameter being half an inch; the 

septa are about one-tenth of an inch distant." 

A rather small but characteristic example of this species presents the convex 

side exposing fifteen septa in a distance of one inch, the body chamber having about 

the same length, so far as exposed. The curvature of the septal lobes is perfectly 

regular and the junction of the septa with the lateral margins distinctly acute. A 

fragment of a much larger individual has a body chamber measuring 60 mm. in 

length and 53 mm. in width near the aperture. To this fragment are attached three 

air-chambers the last exposing a clean septal surface and showing the ventral position 

of the sipho. The specimen shows that while the lateral saddles appear to be acute 

when viewed from the dorsal side, they are actually somewhat obtuse, the obtuse

ness of the angle being distinctly manifested only on the ventral surface. A line 

drawn Jroro one lateral angle to the other shows that the dorsal convexity of the 

s hell is about twice the ventral. 
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CEPHALOPODA. 7!)1 
Trlptoceras planoconvexnm·l 

Family EUDOCERATID1K 

This group was erected by Hyatt to include ortlJoceran shells having a greatly 

compressed form, broad lobes and narrow saddles, with transverse section fusiform 

or subtriangular. The fa,mily wa,s designed by its author to em hrace the genera 

Eudoceras, (Hall) Hyatt, Triptoceras, Hyatt, Edap/tocel'as, Hyatt" itnd }tJnr/oln1JUS, Meek 

and Worthen. 

Genus TRIPTOCERAS, Hyatt, 1883. 

Compressed orthoceran shells with broad ventral and dorsal lobes and acute 

lateral saddles; sipho ventral. The shell may he slightly arcuate hut ios usually 

straight at maturity; in transverse section subtriangular. 

TRIPTOCERAS PLANOCONVEXUM !Ioll, 181) 1. 

PLATE LVI, FIG. 3; PLATE LVII, FIG. 1 

Orthoceras planoconvexum HALT" 1861. TI.ept. SlIpt. Oeol. Surv. Wis., p, 47, 
Orthoceras planoconvexurn WHITFJELD, ]882, Geology of Wisconsin, vol. iv, p, 228, pI. VII, fig, ]4, 

Original description: "Shell of medium size, gradually expanding from the 

apex toward the outer chamber, plano-convex: transverse section semicircular or 

subtriangular, the diameters as five to nine. The con vex side a little depressed on 

each side of the middle, the opposite side nearly fiat, the edges abruptly rounded. 

Septa moderately concave, arching upwards on the sides, somewhat closely arranged, 

about five in half an inch. 'Siphuncle small, centrd.l. A specimen of the outer 

chamber, apparently of this species, is a little more than two and a half inches in 

length, one inch and an eighth in width, the short diameter being half an inch; the 

septa are about one-tenth of an inch distant." 

A rather small but characteristic example of this species presents the convex 

side exposing fifteen septa in a distance of one inch, the body chamber having about 

the same length, so far as exposed. The curvature of the septal lobes is perfectly 

regular and the junction of the septa with the lateral margins distinctly acute. A 

fragment of a much larger individual has a body chamber measuring 60 mm. in 

length and 53 mm. in width near the aperture. To this fragment are attached three 

air-chambers the last exposing a clean septal surface and showing the ventral position 

of the sipho. The specimen shows that while the lateral saddles appear to be acute 

when viewed from the dorsal side, they are actually somewhat obtuse, the obtuse

ness of the angle being distinctly manifested only on the ventral surface. A line 

drawn .from one lateral angle to the other shows that the dorsal convexity of the 

s hell is about twice the ventral. 
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792 THE PALEONTOLOGY OF MINNESOTA. 
rTrlptoceras plaRodorsatum. 

F01'mation and locality.-In the Trenton limestone, Oannon Falls, Minnesota; in the Galena l\me
stone at Hader and Wykoff, JliIinnesota. Oollection of W. H. Scofield. The original specimens were from 
the Trenton at Beloit and Mineral Point, Wisconsin. 

ltluseum Register, No. 8288. 

TRIPTOOERAS PLANODORSATUM lVhifjield, 18S2. 

PLA.TE LVI, FIG. 4; PLATE Lvn, FIGS. 2-4. 

Cl/l'!oce1'as planodol'satu1n WHITF[ELD, 1882. Geology of Wisconsin, vol. iv, p. 231, pI. VII, figs. 10-12. 

Shells small, compressed, slightly arcuate, the incurvature being on the dorsal 

side. Lateral margins tapering slowly over the mature portions of the shell; ventral 

side broadly flattened medially, lateral surface abruptly rounded; dorsal side 

depressed convex. Transveri3e section broadly subtriangulal', the base being the 

ventral side. Minor and major diameters as 7 to 11. 

Septa gently convex, with a broad ventral lobe which is much more decided 

than that of the dorsal side. Lateral saddles obtuse. Depth of the air-chambers 

near the aperture about 15 mm., five being preserved in a length of 7 mm. Sipho 

small, situated near the ventral side but not in contact with it. 

This species is represented by incomplete specimens, one of which, retaining 

most of the body-chamber and six septa, has a length of 34 mm., a width at the 

apertural end of 12 mm., and at the lower end of 10 mm. Another example repre

senting only the body-chamber, is 31 mm. long, has an upper diameter of 14 mm., 
and a lower diameter of 10 mm. 

Fonnation and locality.-From the Trenton limestone at Minneapolis, Minnesota. The' original 
locality is three miles above Beloit, Wisconsin. 

TRIPTOOERAS OWENI, sp. nov. 

PLATE LVI, FIGS. 5-7. 

Shell small, unequally convex, slightly arcuate. with the incurvature on the 

dorsal side; rapidly tapering; ventral side very depressed convex, nearly flat; dorsal 

side decidedly convex, sloping with more or less abrupt curvature to the rounded 

lateral margins. This dorsal convexity is rather more pronounced on the earlier 

portion of the tube. Lateral margins approximating at an angle of about 20°. The 

external aspect of the shell is that of some large, slightly arcuate forms of Hyolithes. 
Septa slightly convex, the minor and major axis as 1 to 2. Dorso-ventrally the 

convexity is very slight. The entire marginal section of the septum is rounded 

subtriangular, the lateral saddles being narrowly obtuse. Sipho small, ventral and 
submarginal. Surface of the shell apparently smooth. 

The single specimen of this very chara~teristic form has a length of 34 mm. 

792 THE PALEONTOLOGY OF MINNESOTA. 
[Triptoceras planodorsatum. 

FaT/nation and locality.-In the Trenton limestone, Cannon Falls, Minnesota; in the Galena lime
stone at Hader and Wykoff, lI;Iinnesot<L. Collection of W. H. Scofield. Tbe original specimens were from 
the Trenton at Beloit"and Mineral Point, Wisconsin. 

Museum Register, No. 8288. 

TRIPTOOERA8 PLANODORSATUM TVhif;field, 18S2. 

PLATE LVI, FIG. 4; PLATE LVrr, FIGS. 2-4. 

C1fl':ocel'asplanodo)'satu'llL WrrITF[ELD, 1882. Geology of Wisconsin, vol. iv, p. 231, pI. VII, figs. 10-12. 

Shells small, compressed, slightly arcuate, the incurvature being on the dorsal 

side. Lateral margins tapering slowly over the mature portions of the shell; ventral 

side broadly flattened medially, lateral surface abruptly rounded; dorsal side 

depressed convex. Transverse section broadly subtriangular, the base being the 

ventral side. Minor and major diameters as 7 to 11. 

Septa gently convex, with a broad ventral lobe which is much more decided 

than that of the dorsal side. Lateral saddles obtuse. Depth of the air-chambers 

near the aperture about 15 mm., five being preserved in a length of 7 mm. Sipho 

small, situated near the ventral side but not in contact with it. 

This species is represented by incomplete specimens, one of which, retaining 

most of the body-chamber and six septa, has a length of 34 mm., a width at the 

apertural end of 12 mm., and at the lower end of 10 mm. Another example repre

senting only the body-chamber, is 31 mm. long, has an upper diameter of 14 mm., 

and a lower diameter of 10 mm. 

FOTlnation and locality.-From the Trenton limestone at Minneapolis, Minnesota. The original 
locality is three mlles above Beloit, Wisconsin. 

TRIPTOOERAS OWENI, sp. nov. 

PLATE LVI, FIGS. 5-7. 

Shell small, unequally convex, slightly arcuate, with the incurvature on the 

dorsal side; rapidly tapering; ventral side very depressed con vex, nearly flat; dorsal 

side decidedly convex, sloping with more or less abrupt curvature to the rounded 

lateral margins. This dorsal convexity is rather more pronounced on the earlier 

portion of the tube. Lateral margins approximating at an angle of about 20°. The 

external aspect of the shell is that of some large, slightly arcuate forms of Hyolithes. 

Septa slightly convex, the minor and major axis as 1 to 2. Dorso-ventrally the 

convexity is very slight. The entire marginal section of the septum is rounded 

subtriangular, the lateral saddles being narrowly obtuse. Sipho small, ventral and 

submarginal. Surface of the shell apparently smooth. 

The single specimen of this very characteristic form has a length of 34 mm. 



OEPHALOPODA. 793 
Triptoceras sp.] 

representing pretty much the entire body-chamber. Its dimensions are 21 by 9 mm. 

The distal extremity which exposes a septum is 10 by 5 mm. 

This species is readily distinguished by its distinct arcuation, rapidly expanding 

shell and the great difference in the convexity of the sides. 

Formation and locality.-In the Trenton limestone, Oannon Fall", Minl1l~sllta. W. n. Scotiro]rl. 

TRIPTOCERAS sp. ? 

There is a single specimen, an internal cast of the deep body-chamber, bearing 

a septum at is distal extremity, which presents differences from any of the foregoing 

species. The convexity of the septa and sides is about the same as that of T. 

planoconvexum but the inclination of the lateral margins is greater, with the sides 

acutely angled and almost carinate. The body-chamber, also, is distinctly arcuate. 

It nearest relations are with this species, as it is decidedly less convex and less 

rapidly tapering than T. oweni. 'rhe single specimen is from the Galena horizon 

near Cannon Falls, Minnesota. 

Billings described two species of this genus from the Trenton series, viz.: 

Orthoceras ziphias*, and O. hastahlm·l-. In the absence of illustration it is difficult, 

from the not very precise descriptions, to establish their :,;pecific traits. The former, 

T. ziphias, appears to have the lateral angles obtuse, in which respect it is unlike 

T. planoconvexum; its convexity is less, its size and apical angle much greater than 

in T. oweni, while its lateral margins are Jess blunt and its venter less flat than 

in T. planodorsatum. In T. hastatum the lateral angles must be even more obtuse 

than in T. planodorsatum, the shell also tapering more rapidly and the septa being 

more convex. 

The Orthoceras servile Billings:t:, from the Quebec group, is a Triptoceras with 

rapidly tapering margins and rather convex sides. 

TRIPTOCERAS LAMB! Whiteaves, 1891. 

PLATE LVI. FIGS. 1 ancl2. 

Gonioceras lq,mbi WHITEAVES, 1891. The Orthoccratidm of the Trenton limestone of the Winnipeg 

Basin; ,]'rans. Royal Soc. Oanada, vol. ix, sect. iv, p. 86, pI. XI, figs. la-b. 

Shell large, biconvex and lenticular in transverse section. Convexity of the 

sides subequal, that of the dorsal side being slightly the greater. Ventral siele 

slightly flattened medially. Dorsal and ventral lobes broad and regularly convex, 

deeper on the dorsum, the general convexity being more decided than in the other 

species here noticed. Saddles acute, more distinctly so as viewed from the ventral 

* Rep.t. Geol. Surv. Canada. for the year 1856. p. 318. 1857 . 
. ~ Op. cit., p. 333. * Palreozoic Fossils. vol. i, p. 252. 1865. 
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representing pretty much the entire body-chamber. Its dimensions are 21 by 9 mm. 

The distal extremity which exposes a septum is 10 by 5 mm. 

This species is readily distinguished by its distinct arcuation, rapidly expanding 

shell and the great difference in the convexity of the sides, 

Formation and locality.-In the Trenton lilUestone, Oa.n non Fall~, Mi n n,;,~f)t,l.. W. II. Scotiejrl. 

TRIPToCERAs Sp, ? 

There is a single specimen, an internal cast of the deep body-chamber, bearing 

a septum at is distal extremity, which presents differences from any of the foregoing 

species. The convexity of the septa and sides is about the same as that of T. 

planoconvexum but the inclination of the lateral ma,rgins is greater, with the sides 

acutely angled and almost carinate. The body-chamber, also, is distinctly arcuate. 

It nearest relations are with this species, as it IS decidedly less convex and less 

rapidly tapering than T. oweni. The single specimen is from the Galena horizon 

near Cannon Falls, Minnesota. 

Billings de::;cribed two species of this genus from the Trenton series, viz.: 

Orthoceras ziphias*, and O. hastatum-j-. In the absence of illustration it is difficult, 

from the not very precise descriptions, to establish their specific traits. The former, 

T. ziphias, appears to have the lateral angles obtuse, in which respect it is unlike 

T. planoconvexum; its convexity is less, its size and apical angle much greater than 

in T.oweni, while its lateral margins are less blunt and its venter less flat than 

in T. planodorsatU'm. In T. hastatum the lateral angles must be even more obtuse 

than in T. planodorsatum, the shell also tapering more rapidly and the septa being 

more convex. 

The Orthoceras servile Billingst, from the Quebec group, is a Triptoceras with 

rapidly tapering margins and rather convex sides. 

TRIPTOCERAS LAMBI Whiteaves, 1891. 

PLATE LVI. FIGS. 1 auc12. 

Gonioceras larnbi WHITEAVES, 1891. The Orthoceratidffi of the Trenton limestone of the Winnipeg 
Basin; 'l'rans. Royal Soc. Oanada, vol. ix, sect. iv, p. 86, pI. XI, tigs. la-b. 

Shell large, biconvex and lenticular in transverse section. Convexity of the 

sides subequal, that of the dorsal side being slightly the greater. Ventral side 

slightly flattened medially. Dorsal and ventral lobes broad and regularly convex, 

deeper on the dorsum, the general convexity being more decided than in the other 

species here noticed, Saddles acute, more distinctly so as viewed from the ventral 

* Rep.t. Gaol. Burv. Canada, for the year 1856, p. 318. 1857. 
'r Op. cit., p. 333. * Palooozoic Fossils, vol. i, p. 252. 1865. 
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side. Minor and major diameters of the septa as 1 to 4. A verage depth of the air

chambers toward the aperture, 6 mm. 

A specimen measuring 90 mm. in length has an upper width of 95 mm., a 

diameter at the lower end of 80 mm. and bears thirteen septa. A much larger 

example has a length of 193 mm., of which 45 mm. belong to the aperture and the 

remainder bears seventeen septa. 

'The sipho is distinctly ventral and moniliform. Nothing is retained of the 

external ornament. 

This species is readily distinguished by its great size, subequally convex sides 

and the deep concavity of the septa. 

Formation and locality.-The tW() specimens observed are from the middle portion uf the Galena 
limestone at Stewartsville, Minnesota. The speeimens described hy Whiteaves were f:rom the Trenton 
series at East Selkirk, Manitoba. 

Museum Registel', No. 829:3. 

Family GONIOCERATIDJE 

Genus GONIOCERAS Hall, 1847. 

Broad, flat, straight shells, extremely compressed dorso-ventrally, and with 

extended lateral flanges into which the septa are continued. The shells are sub

equally hiconvex with reguhtrly concave dorsal and ventral lobes, large moniliform 

siphonal beads, perforated with radiating canals. 

GONIOCERAS ANCEPS Hall, 1847. 

PLATE LVII, FIG. 5. 

(ionioceras anceps HALL, 1847. Pahcontulogy of New York, vol. i, p. 54, pI. XIV, figs.la-o. 

Original description: "General form elongated, somewhat rapidly tapering 

from the base, extremely compressed laterally toward the extremities, and extended 

into very acute angles; diameters as 1 to 4 or 1 to 5; septa composed of double [n 
laminm, deeply concave in the center, numerous, thin, approximate, sinuous on the 

longest diameter; siphuncle moniliform, ventral, consisting of a rounded tube which 

is exceedingly expanded between the septa, like the siphuncle of Ormoceras." To 

this may be added that the septa are moderately distant, the do'rsal and ventral 

saddles subacute, the recurvature of the septa of the lateral expansion being in' a 
broad curve. 

Formation and locality.-Three specimens in the collections are referable to this species, one from 
the luwer blue beds of the Trenton series at Mineral Point, Wisconsin, others from the upper portion of 
the Trenton limestone at Minneapolis, Minnesota. The New York specimens are from the Black River 
limestone at Watertown. 

Museum Registel" Nos. 5113, 5680, 8298. 
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side. Minor and major diameters of the septa as 1 to 4. A verage depth of the air

chambers toward the aperture, 6 mm. 

A specimen measuring 90 mm. in length has an upper width of 95 mm., a 
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external ornament. 
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and the deep concavity of the septa. 
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limestone at Stewartsville, Minnesota. The speeimens described hy Whiteaves were f.rom the Trenton 
series at East Selkirk, Manitoba. 
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Broad, flat, straight shells, extremely compressed dorso-ventrally, and with 

extended lateral flanges into which the septa are continued. The shells are sub

equally hiconvex with regubtrly concave dorsal and ventral lobes, large moniliform 

siphonal beads, perforated with radiating canals. 
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(ionioceras anceps HALL, 1847. Pahcontulogy of New Yurk, vol. i, p. 54, pI. XIV, figs,la-o. 

Original description: "General form elongated, somewhat rapidly tapering 

from the base, extremely compressed laterally toward the extremities, and extended 

into very acute angles; diameters as 1 to 4 or 1 to 5; septa composed of double [~] 

laminm, deeply concave in the center, numerous, thin, approximate, sinuous on the 

longest diameter; siphuncle moniliform, ventral, consisting of a rounded tube which 

is exceedingly expanded between the septa, like the sipbuncle of Ormoceras." To 

this may be added that the septa are moderately distant, the do'rsal and ventral 

saddles subacute, the recurvature of the septa of the lateral expansion being in- a 
broad curve. 

Formation and locality.-Three specimens in the collections are referable to this species, one froID 
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. Museum Registel', Nos. 5113, 5680, 8298. 
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GONIOCERAS OCOIDENTALE Hall, 1861. 

PLATE LVII. FIG. Ii. 

Gonioceras occidentalis HALL, 1861. Rept. Supt. Geol. flurv. Wisconsin, p. 47. 

Original description: "Shell elongate, very compressed, extremely expanded 

laterally, the upper part with curved outline, beyond the middle the edges are more 

nearly parallel; the length (when entire) having been a little less than twice the 

greatest diameter. Upper and lower surfaces convex, the one twice as convex as the 

other; the two diameters as one to seven; lateral expansions very thin. Septa deeply 

concave, numerous, closely arranged, twelve to the inch in the central lobe; arching 

forwards on the sides with a sharp reb-al curve a little within the margin, and 

running backwards in a narrow extension to the edge at a point opposite or below 

their junction with the siphuncle in the central lobe. Siphuncle oblate [ventral] of 

medium size where passing through the septa, expanding in the chambers to more 

than one-half the smaller diameter of the shell, somewhat bilobate from a constric

tion above and below. 

"Surface apparently smooth, or with only concentric lines of growth." 

The principal characters distinguishing this from the foregoing species will 

be found in the closer septa of the former and the curvature of the septa on the 

la.teral expansions. The latter feature is not sufficiently emphasized in the quoted 

description. 

In G. occidentale these saddles are quite regular, the outer and inner slopes 

together making almost the 'arc of a circle or the extremital arc of a broad ellipse, 

but in G. anceps the saddles do not rise above their height at the junction of the 

lobes with the body of the shel1, whenee they are deflected backward in a long, 

broad curve. The species seem to agree in the general form of the shell and the 

size of the apical angle. The best preserved specimen fails of agreement with the 

description in the proportional dimensions of the shell, the minor and major 

diameters being here as 1 to 5, rather than as 1 to 7. The latter ratio would make 

a much more expanded form than that presented by our specimens. 

Forrnation and locality.-One considerable fragment and two quite imperfect examples are from 
the Trenton limestone at Dixon, Illinois (collected hy E. O. Ulrich). Tne original locality is in tIle Tren
t,on at Platteville, Wisconsin. 

CEPHALOPODA. 795 
Gonloceras occldentale.l 

GONIOCERAS OCCIDENTHE Hall, 1861. 

PLATE LVII. FIG. ii. 

Gonioceras occidentali.~ HALL, 1861. Rept. Supt. Gool. Surv. Wisconsin, p. 47. 

Original description: "Shell elongate, very compressed, extremely expanded 

laterally, the upper part with curved outline, beyond the middle the edges are more 

nearly parallel; the length (when entire) having been a little less than twice the 

greatest diameter. Upper and lower surfaces convex, the one twice as convex as the 

other; the two diameters as one to seven; lateral expansions very thin. Septa deeply 

concave, numerous, closely arranged, twelve to the inch in the central lobe; arching 

forwards on the sides with a sharp retral curve a little within the margin, and 

running backwards in a narrow extension to the edge at a point opposite or below 

their junction with the siphuncle in the central lobe. Siphuncle oblate [ventral] of 

medium size where passing through the septa., expanding in the chambers to more 

than one-half the smaller diameter of the shell, somewhat bilobate from a constric

tion above and below. 

"Surface apparently smooth, or with only concentric lines of growth." 

The principal characters distinguishing this from the foregoing species will 

be found in the closer septa of the former and the curvature of the septa on the 

lateral expansions. The latter feature is not sufficiently emphasized in the quoted 

description. 

In G. occidentale these saddles are quite regular, the outer and inner slopes 

together making almost the 'arc of a circle or the extremital arc of a broad ellipse, 

but in G. anceps the saddles do not rise above their heigbt at the junction of tbe 

lobes with the body of the sbell, whenee they are deflected backward in a long, 

broad curve. The species seem to agree in the general form of the shell and the 

size of the apical angle. Tbe best preserved specimen fails of agreement with the 

description in the proportional dimensions of the shell, the minor and major 

diameters being here as 1 to 5, rather than as 1 to 7. The latter ratio would make 

a much more expanded form than that presented by our specimens. 

Formation and locality.-One considerable fragment and two quite imperfect examples are from 
the Trenton limestone at Dixon, Illinois (collected hy E. O. Ulrich). The original locality is in the Tren
t,on at Platteville, Wisconsin. 
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Family GOMPHOCERATIDJE. 

Genus POTERlOCERAS, McCoy. 

POTERIOCERAS APERTlTM Whiteaves, 1889. 
PLAT I" LVII. FIG. 11. 

Poierioceras apert1l7lL WHlTEAVES, 1889. Desc,ription of eight new species of fossils from the Cambro· 
Silurian rocks of Manitoba; 'l'rans. Roy. Soc,. Canada, vol. vii, sect. iv, p. 78, pI. XIV, 

figs. 2-4. 

Of three imperfect speeimens the best preserved is a fairly satisfactory representa

tive of Whiteaves' species, exhibiting the internal cast of the shell from the aperture 

to the eleventh septum (counting from the aperture) and conforming in size a,nd 

other specific details with the originals. Though this specimen is considerably 

worn on one side, it shows very clearly that the venter is somewhat narrower than 

the dorsum and the aperture, narrowed by the contraction of the body-chatp.ber, 

broad on the dorsum and sin used on the venter. These are both features which are 

more sharply developed in speeies of Oncocems and some of the forms here referred 

to Cyrtocems. Nevertheless the aspect of the shell is not that of either of these 

genera, and though reeognizing the close relations in form of all these genera, we 

appreeiate the usefulness of McCoy's generie term, notwithstanding the fact that, 

as observed by Dr. Whiteaves, it has usually been assigned to the synonyms of 

Gomphoceras. 

The position of the sipho in all of our specimens is just within the margins of 

the right dorso-lateral surface (the shell being oriented with the venter toward 

the observer). Whiteaves describes its position as "a little nearer to the dorsal 

than to the ventral side," but expresses at the same time a degree of uncertainty as 

to its proper place. 

The most complete of our examples measures 73 mm. in length; 24 mm. in 

dorso-ventral diameter at the first septum preserved (the eleventh from the aperture); 

43 mm. in the same dimension at the second septum from the aperture and this is 

the greatest width of the shell. The aperture is 36 mm. across. The body-chamber 

measures 30 mm. in length, and the eleven air· chambers cover 43 mm. One of the 

other fragments is larger, though less complete; the fifth septum has a dorso-ventral 

diameter of 44 mm., and here the diameter of the siphuncle is 8 mm. 

This shell has essentially the same proportions as the Gomphoceras [Poterioceras] 

cassfnense Whitfield, from the Calciferous fauna at Fort Cassin, Vermont, but will 

be found to differ therefrom in its much shorter body-chamber*. 
Forlnation and Ivcality.-In the lower blue berlq of the Trenton limestone at Minerall'oint, Wis

consin, and the Galena shales at St. Paul and Cannon Falls, Minnesota. 

lfhlseuln Register, No. 5837. 
---

• See Whitfield. Bull. Amer. ~lus. Nat.. Hist. .• vol. i, no. 8, p. 329, pI. XXIX, figs. 1-3. 
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tive of Whiteaves' species, exhibiting the internal cast of the shell from the aperture 

to the eleventh septum (connting from the aperture) and conforming in size a,nd 

other specific details with the originals. Though this specimen is considerably 

worn on one side, it shows very clearly that the venter is somewhat narrower than 

the dorsum and the aperture, narrowed by the contraction of the body-chaIp.ber, 

broad on the dorsum and sinnsed on the venter. These are both features which are 

more sharply developed in species of Oncocems and some of the forms here referred 

to Cyrtoceras. Nevertheless the aspect of the shell is not that of either of these 

genera, and though recognizing the close relations in form of all these genera, we 

appreeiate the usefulness of McCoy's generie term, notwithstanding the fact that, 

as observed by Dr. Whiteaves, it has usually been assigned to the synonyms of 

Gomphoceras. 

The position of the sipho in all of our specimens is just within the margins of 

the right dorso-lateral surface (the shell being oriented with the venter toward 

the observer). Whiteaves describes its position as "a little nearer to the dorsal 

than to the ventral side," but expresses at the same time a degree of uncertainty as 

to its proper place. 

The most complete of our examples measures 73 mm. in length; 24 mm. in 

dorso·ventral diameter at the first septum preserved (the eleventh from the aperture); 

43 mm. in the same dimension at the second septum from the aperture and this is 

the greatest width of the shell. The aperture is 36 mm. across. The body-chamber 

measures 30 mm. in length, and the eleven air· chambers cover 43 mm. One of the 

other fragments is larger, though less complete; the fifth septum has a dorso-ventral 

diameter of 44 mm., and here the diameter of the siphuncle is 8 mm. 

This shell has essentially the same proportions as the Gomphoceras [Poterioceras] 

cassinense Whitfield, from the Calciferous fauna at Fort Cassin, Vermont, but will 

be found to differ therefrom in its much shorter body-chamber*. 
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Museu m Register, No. 5837. 
---

• See Whitfield. Bull. Arner. ~lus. Nat. Bist., vol. i, no. 8, p. 329, pI. XXIX, figs. 1-3. 
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Family ONCOUERATIDJE. 

Genus CLINOCERAS, Mascke, 1876. 

CLINOOERAS MUMIAl:FOl{ME l¥hiUield, 1878. 

PLATE LVII, FIGS. 7-10. 

Oncoceras mumiajorrne WHITFIELD, 1878. Ann. Rept. Geul. SUfi', Wiseonsin, p. 5,.,. 
Oncoceras mumiajormc WHITFIELD, 1882. Geology of Wiseunsin, vul. iv., p. 2;j:l, pI. VII, ilgs. ;j-·5. 

Mascke founded this genus* upon a shell, C. dens, from the Silurian boulders of 

North Prussia, characterized by its gently arcuate form, the slender proportions of 

its early parts, the expansion of the body-chamber, and broad, rather deep constric

tion near the aperture. The aperture itself is regular and not contracted. The 

sutures are slightly undulating and are stated to form a minute dorsal lobe although 

the sipho is not marginal but lies between the eenter and the ventral side in the 

adult chambers. 

The species which is herewith referred to this genus was described from rather 

imperfect material, virtually internal casts of but parts of the shell. Similarly 

preserved specimens of the species occur in the Minnesota collections, and after 

an ~xammation of the original material, I refer to the species an unusually tine 

example which, in form and proportions, is almost a replica of M:tseke's type. This 

sheU, as preserved, is nearly complete, the aperture and external surface being 

retained and nothing wanting but a small portion at the apex. Its length is 

66 mrn.; its original length was probably about 70 mm. Its aperture which is 

essentially circular has a diameter of 10 mm., and at a distance of 8 mm. below the 

aperture the broad constriction is deepest. From the aperture to the greatest 

elevation of the swelling below it is 16 mm. and at this point the diameter of the 

shell is 10 mm. The distal extremity of the shell measures 3.5 mm. in diameter. 

The cross-section of the shell is circular at every point. The arcuation of the shell 

or divergence from the vertical let fall from the center of either extremity is 

12 mm. The shell is not equiconvex; the swelling j I1st below the constriction is 

much more considerable on the outer or convex curve of the shell, and this differ

ence is perceptible though not so distinct over other portions of the body-chamber. 

No septa are exposed except the terminal one, and that is evenly convex in all 

directions and bears a central sipho. This, however, is a very early septum, and 

though the maturer septa are unexposed, their siphonal punctures may prove to 

more nearly agree in position with those of the type-species of the genus. In some 

of the internal casts the position of the sipho is somewhat excentric and is dis-

* Zeitschr. der deutsch. geolog. Gesellsch. vol. xxviii, p. 49, pl. 1. 1876. 
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Oncoceras mumiaforrne WHITFIELD, 1878. Ann. Rept. Geul. SUfI', Wisconsin, p. ;jk. 
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Mascke founded this genus* upon a shell, C. dells, from the Silurian boulders of 

North Prussia, characterized by its gently arcuate form, the slender proportions of 

its early parts, the expansion of the body-chamber, and broad, rather deep constric

tion near the aperture. The aperture itself is regular and not contracted. The 

sutures are slightly undulating and are stated to form a minute dorsal lobe although 

the sipho is not marginal but lies between the eenter and the ventral side in the 

adult chambers. 

The species which is herewith referred to this genus was described from rather 

imperfect material, virtually internal casts of but parts of the shell. Similarly 

preserved specimens of the species occur in the Minnesota collections, and after 

an ~xamlllation of the original material, I refer to the species an unusually tine 

example which, in form and proportions, is almost a replica of Mltscke's type. This 

shell, as preserved, is nearly complete, the aperture and external surface being 

retained and nothing wanting but a small portion at the apex. Its length is 

66 mm.; its original length was probably about 70 mm. Its aperture which is 

essentially circular has a diameter of 10 mm., and at a distance of 8 mm. below the 

aperture the broad constriction is deepest. From the aperture to the greatest 

elevation of the swelling below it is 16 mm. and at this point the diameter of the 

shell is 10 mm. The distal extremity of the shell measures 3.5 mm. in diameter. 

The cross-section of the shell is circular at every point. The arcuation of the shell 

or divergence from the vertical let fall from the center of either extremity is 

12 mm. The shell is not equiconvex; the swelling j llSt below the constriction is 

much more considerable on the outer or convex curve of the shell, and this differ

ence is perceptible though not so distinct over other portions of the body-chamber. 

No septa are exposed except the terminal one, and that is evenly convex in all 

directions and bears a central sipho. This, however, is a very early septum, and 

though the maturer septa are unexposed, their siphonal punctures may prove to 

more nearly agree in position with those of the type-species of the genus. In some 

of the internal casts the position of the sipho is somewhat excentric and is dis-

.. Zeitschr. der deutsch. geolog. Gesellsch. vol. xxviii, p. 49, pJ. 1. 1876. 
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tinctly moniliform. The external surfa.ce of the shell is covered with very fine, 

slightly undulating concentric lines. 

Formation and locality.-The most perfect of the single specimens, is in a block of buff limestone 
of Trenton age, but without precise locality. In association with it are Or'thisflabellites Hall, O. testudi· 
naria Dalman, and Plectarnbonites ser'icea Sowerby. (Oollection of Dr. Robbins). Others are from the 
lower blue beds of the Trenton limestone, at Janesville and near Beloit, WisconRin. 

Genus ONCOCERAS, Hall, 1847~ 

ONOOCERAS EXIGUUM Billings, 1860. 

PLATE LVIII, 11'IGS. 10 and 11. 

Cyrtoceras exiguull! BILLINGS, 1860. Oanadian Naturalist and Geologist, vol. v.,. no. 3, p. 172, 
figs. 17-18. 

Shell small, short, gently arcuate, gradually expanding toward the aperture 

and somewhat abruptly constricted. Air-chambers relatively deep, septa evenly 

convex, with regular sutures and central sipho. Exterior smooth. 

Of six incomplete examples of this little species, some show that the body

chamber occupied from one-half to one-third the length of the shell. Probably 

none of the shells were more than 30 mill. in length when entire, and the depth of 

the air-chambers is from Ii- to 2 mm. The species is distinguished by its small size, 

distant septa and gradual inflation. 

Formation ancllocality.-In the Galena shales near Fountain, Minn. The original specimens were 
from the Trenton limestone near L'Orignal, Oanada. 

Museum Register, No. 8281. 

ONCOCERAS MINNESOTENSE, sp. nuv. 

PLATE LVIll. FIGI:l. 16-18. 

Shell moderately large, rapidly expanding, very faintly arcuate, cross-section 

strictly oval, the major or dorso-ventral, and minor or lateral axes being as 3 to 2!, 

Septa concave, much more so dorso-ventrally than laterally. .A.ir-chambers moder

ately deep, there being about eight in a distance of 32 mm. The longest example 

observed has fifteen air-chambers in a length of 45 mm. Sutures regular, with 

broad, evenly convex lateral, and a rather broad dorsal saddle. The ventral saddle 

is much the narrower and subacute, the summit of its angle higher than that of the 

dorsal saddle. Sipho ventral, submarginal, large and moniliform. The siphonal 

beads are large subrhombic chambers (in section), with thin walls. The opening of 

the sipho through the septa has about one-half of the diameter of the beads. The 

siphonal margins of the septa are distinctly calloused. The diameter of the beads 

equals about one-sixth of the major axis of the septum. Many specimens show 
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tinctly moniliform. The external surface of the shell is covered with very fine, 

slightly undulating concentric lines. 

Formation and locality.-The most perfect of the single specimens, is in a block of buff limestone 
of Trenton age, but without precise locality. In association with it are 01·thisflabellites Hall, O. testudi· 
narht Dalman, and Plectambonites sel'icea Sowerby. (Collection of Dr. Robbins). Others are from the 
lower blue beds of the Trenton limestone, at Janesville and near Beloit, Wisconsin. 

Genus ONCOCERAS, Hall, 1847~ 

ONOOCERAS EXIGUUM Billings, 1860. 

PLATE LVIII, ~'IGS. 10 anc1ll. 

Cyrtoceras exiguum BILLINGS, 1860. Canadian Naturali~t and Geologist, vol. v., no. 3, p. 172, 
figs. 17-18. 

Shell small, short, gently arcuate, gradually expanding toward the aperture 

and somewhat abruptly constricted. Air-chambers relatively deep, septa evenly 

convex, with regular sutures and central sipho. Exterior smooth. 

Of six incomplete examples of this little species, some show that the body

chamber occupied from one-half to one-third the length of the shell. Probably 

none of the shells were more than 30 mm. in length when entire, and the depth of 

the air-cham bel's is from lito 2 mm. The species is distinguished by its small size, 

distant septa and gradual inflation. 

Formation ancllocalily.-In the Galena shales near Fountain, Minn. The original specimens were 
from the Trenton limestone near L'Orignal, Oanada. 

Museum Register, No. 8281. 

ONCOCERAS ]IHNNESOTENSE, sp. nuv. 

PLATE LV 111. FIG::;. 11l-18. 

Shell moderately large, rapidly expanding, very faintly arcuate, cross-section 

strictly oval, the major or dorso-ventral, and minor or lateral axes being as 3 to 2~. 

Septa concave, much more so dorso-ventrally than laterally. Air-chambers moder

ately deep, there being about eight in a distance of B2 mm. The longest example 

observed has fifteen air-chambers in a length of 45 mm. Sutures regular, with 

broad, evenly convex lateral, and a rather broad dorsal saddle. The ventral saddle 

is much the narrower and subacute, the summit of its angle higher than that of the 

dorsal saddle. Sipho ventral, submarginal, large and moniliform. The siphonal 

beads are large subrhombic chambers (in section), with thin walls. The opening of 

the sipho through the septa has about one-half of the diameter of the beads. The 

siphonal margins of the septa are distinctly calloused. The diameter of the beads 

equals about one-sixth of the major axis of the septum. Many specimens show 
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indications of a linear or thickened oval scar extending from the inner margin of 

th(siphonal beads along the major diameter of the septum to near the inner 

dorsal margin. 

Fig. IO.-Vertical median section of O. minnesotense showing the furm of the siphonal beads. x 1.5. 

The external surface is covered with numerous low longitudinal ribs, thirty

five or forty in number on the later portions of the shell. Among a number of 

specimens representing this species there are none of the body chamber. The 

septate portions afford no satisfactory indication of the expansion which charac

terizes the genus Oncocems; still the material presents many similarities to the 

species descrIbed by Whiteaves·r.· as CYl'toceras manitobense, from the Lower Silurian 

at many localities in Manitoba. The latter possesses a somewhat similar curvature 

of the septa, though a deeper concavity and a greater obliquity; and it also has a 

similar external ornamentation. Whiteaves' figures indicate a species with very 

slight arcuation and a decided expansion of the tube toward the aperture, and 

nearly the entire extent of the swelling is septate, the body-chamber occupying but 

a small part of it. It would seem wiser for the present to refer such shells to 

Ollcoceras as they must be regarded as differing notably from typical for111s of 

Cyrtoceras. The Minnesota specimens are hence thus referred, though they all 

lack the body-chamber. 

Formation and locality. - In the Galena limes tone at Hader, Stewartsville, Mantorville, Pleasan t 
Grove and Lime City, Minn. A single fragment of the api~al portiun of a shell having the aspect of the 
other lJut with the septa closer together is from the Hudson River horizon at Granger, Minn. 

Museum Register, Nos. 258, 4106, 8294, 8295, 8296. 

ONCOCERAS LYCUS, HaU, 1861. 

PLATE LVIII, ~'IGS. 1-3. 

Orthoceras lycum HALL. Rept. Supt. Geol. Surv. Wisconsin, p. 45. 

Shell arcuate, with an arc of short radius on the ventral curve and a much 

*Trans. Royal Soc. Canada, vol. vii, sect. iv, p. 80. pI. xlii, figs. 0. 4; pI. xv, fig. 4. 1889. 
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Onooeras minnesotense.) 

indications of a linear or thickened oval scar extending from the inner margill of 

the~ siphonal beads along the major diameter of the septum to near the inner 

dorsal margin. 

Fig. lO.-Vertical median section of O. minnesotense showing the form of the siphonal beads. x 1.5. 

Th'e external surface is covered with numerous low longitudinal ribs, thirty

five or forty in number on the later portions of the shell. Among a number of 

specimens representing this species there are none of the body chamber. The 

septate portions afford no satisfactory indication of the expansion which charac

terizes the genus Oncoceras; still the material presents many similarities to the 

species descnbed by Whiteaves'}i as Cyrtoceras 'I1zanitobense, from the Lower Silurian 

at many localities in Manitoba. The latter possesses a somewhat similar curvature 

of the septa, though a deeper concavity and a greater obliquity; and it ali:lo has a 

similar external ornamentation. White aves' figures indicate a species with very 

slight arcuation and a decided expansion of the tube toward the aperture, and 

nearly the entire extent of the swelling is septate, the body-chamber occupying but 

a small part of it. It would seem wiser for the present to refer such shells to 

Gncoceras as they must be regarded as differing notably from typical forms of 

Cyrtoceras. The Minnesota specimens are hence thus referred, though they all 

la<.:k the body-chamber. 

Formation and locality. - In the Galena limes tone at Hader, Stewartsville, Mantorville, Pleasan t 
Grove and Lime City, Minn. A single fragment of the api~al portion of a shell having the aspect of the 
other uut with the septa closer together is from the Hudson River horiwn at Granger, Minn. 

Museum Register, Nos. 258, 4106, 8294,8295, 8296. 

ONCOCERAS LYCUS, Hall, 1861. 

PLATE LVIII, FIGS, 1-3. 

Orthoceras lycum HALL. Rept. Supt. Geo1. Surv. Wisconsin, p. 45. 

Shell arcuate, with an arc of short radius on the ventral curve and a much 

~Trans. Royal Soo. Canada, vol. vii, sect. iv, p. 80.1'1. xlii, figs. il. 4; 1'1. xv, fig. 4. 188n. 



soo THE PALEONTOLOGY OF MINNESOTA. 
lOncoceras lycus. 

broader CUl'Yature on the dorsal margin; expanding rapidly to its greatest 

diameter near or at the base of the body-chamber. About the aperture it is 

broadly and rather deeply constricted and the margin slightly expanded and 

reflected. This apertural contraction is greatest on the ventral side where it is 

pinched out to a very narrow, subacute angle and the outline thus given to the 

aperture is that of an acute oval. The transverse diameter of the aperture is less 

than that of the body-chamber below the constriction. Its lateral margins form 

low convex curves bending into slight concavities on the dorsal and ventral sides. 

Transverse section of the septate portion of the shell broadly oval, the dorso

ventral and lateral diameters being about as 9 to 10. The greatest breadth of the 

section is somewhat within or toward the dorsal side of the center of the septum. 

Thus the surface of the shell-tube, which is quite broad on the dorsal curve, in

creases in breadth for about one-third of its lateral extent, thence decidedly 

narrows to the venter which is subacute. The septa are gently and regularly 

convex over the earlier part of the shell but increase in this respect near the body

chamber. The greatest depth of the septa is within the center. The sutures make 

broad and low, scarcely perceptible lateral lobes and dorsal saddle, but their 

anterior curvature is decidedly marked upon the venter. The depth of the air

chambers varies somewhat in different specimens and in the same individual, those· 

near the body-chamber being as a rule the shallower. In a distance equal to the 

greatest diameter of the shell there are eight air-chambers in one example, and 

nine in another. In all of these the depth on the dorsal curve is scarcely more 

than one-half that on the venter. Sipho ventral, situated just within the margin, 

somewhat expanded between the septa. Some of the internal casts indicate that 

the external surface was smooth and covered with concentric growth lines which 

were strongly reflected over the venter in a direction just the reverse of that of 

the septa. Some of the casts bear very obscure traces of longitudinal ridges which 
may be altogether of muscular origin. 

Dimensions. A well preserved example lacking a portion of the apex, measures 

60 mm. on the ventral curve and 31 mm. on the dorsal curve. The body-chamber 

is 21 mm. in length and lacks a portion near the aperture. In 35 mm. on the ventral 

curve there are twelve air-chambers. The transverse lateral diameter of the 

shell where thickest is 19 mm. and the dorso-ventral diameter 24 mm. In another 

specimen which has a dorso-ventral diameter of 18 mm. at the third septum and. 

retains the body-chamber and aperture in their entirety, the length of the body

chamber is 20 mm.; of this,ll mm. occur below the constriction. The major and 

minor diameters of the body-chamber at its baRe are 24 and 20 mm., the major axis 

of the aperture is 23 mm. and its greatest lateral axis 15 mm. 
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broader cUl'Yature on the dorsal margin; expanding rapidly to its greatest 

diameter near or at the base of the body-chamber. About the aperture it is 

broadly and rather deeply constricted and the margin slightly expanded and 

reflected. This apertural contraction is greatest on the ventral side where it is 

pinched out to a very narrow, subacute angle and the outline thus given to the 

aperture is that of an acute oval. The tramlVerse diameter of the aperture is less 

than that of the body-chamber below the constriction. Its lateral margins form 

low convex curves bending into slight concavities on the dorsal and ventral sides. 

Transverse section of the septate portion of the shell broadly oval, the dorso

ventral and lateral diameters being about as 9 to 10. The greatest breadth of the 

section is somewhat within or toward the dorsal side of the center of the septum. 

Thus the surface of the shell-tube, which is quite broad on the dorsal curve, in

creases in breadth for about one-third of its lateral extent, thence decidedly 

narrows to the venter which is subacute. The septa are gently and regularly 

convex over the earlier part of the shell but increase in this respect near the body

chamber. The greatest depth of the septa is within the center. The sutures make 

broad and low, scarcely perceptible lateral lobes and dorsal saddle, but their 

anterior curvature is decidedly marked upon the venter. The depth of the air

chambers varies somewhat in different specimens and in the same individual, those 

near the body-chamber being as a rule the shallower. In a distance equal to the 

greatest diameter of the shell there are eight air-chambers in one example, and 

nine in another. In all of these the depth on the dorsal curve is scarcely more 

than one-half that on the venter. Sipho ventral, situated just within the margin, 

somewhat expanded between the septa. Some of the internal casts indicate that 

the external surface was smooth and covered with concentric growth lines which 

were strongly reflected over the venter in a direction just the reverse of that of 

the septa. Some of the Cltsts bear very obscure traces of longitudinal ridges which 

may be altogether of muscular origin. 

Dimensions. A well preserved example lacking a portion of the apex, measures 

60 mm. on the ventral curve and 31 mm. on the dorsal curve. The body-chamber 

is 21 mm. in length and lacks a portion near the aperture. In 35 mm. on the ventral 

curve there are twelve air-chambers. The transverse lateral diameter of the 

shell where thickest is 19 mm. and the dorso-ventral diameter 24 mm. In another 

specimen which has a dorso-ventral diameter of 18 mm. at the third septum and_ 

retains the body-chamber and aperture in their entirety, the length of the body

chamber is 20 mm.; of this,ll mm. occur below the constriction. The major and 

minor diameters of the body-chamber at its base are 24 and 20 mm., the major axis 

of the aperture is 23 mm. and its greatest lateral axis 15 mm. 
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This species is distinguished by its subacute venter, broad but not ventricose 

dorsal .surface and the very slight decrease in the diameter of the body-chamber 

from its base to the constriction. 

Formation and locality.-The species appears to be quite common in the lower blue beds of tbe 
Trenton limestone at Janesville, Wisconsin. It also occurs in the Trenton at Preston amI Minneapolis, 
Minnesota. 

Museum Register, No. 8300. 

ONCOCERAS CARVERI, sp. nov. 

PLATE LVIII, FIGR. 7-9. 

An entire body-chamber, with three air-chambers attached, is characterized by 

its broad sides, narrow dorsum and compressed, subangular venter. The cross

section of the shell is, thus, elongate-ovate, its major and minor diameters being as 

3 to 2. Above the third septum (counting from the aperture) the shell expands 

somewhat to within the base of the body-chamber and is, thence, gently contracted 

to the aperture. The latter is more narrowly ovate than the rest of the shell, its 

lateral margins convex, making a narrow emargination on the venter. The suture 

is transverse on the sides and dorsum, without curvature, but is curved forward 

over the venter to such a degree that the depth of the air-chambers at the ventral 

surface is about twice that on the dor8al surface. 
The sipho is ventral and is situated within the margin of the septa. 

The shell is but slightly arcuate, being sub erect except in the vicinity of the 

aperture where it is curved inward making the aperture' somewhat oblique. Sur

face covered with fine concentric strire which are strongly recurved over the 

venter, concentric to the outline of the aperture. The length of the body-chamber 

in the specimen is 20 mm.; the entire length of the body-chamber with three air~ 

chambers, 26 mm.; the major diameter of the third septum, 21 mm., the minor 

diameter, 14 mm. 

Formation and locality.-In the Trenton limestone at Minneapolis, Minnesota. A fragment of a 
larger shell has also been observed in the upper buff beds at Rockton, Illinuis. 

Museum Register, No. 2193. 

ONCOCERAS DOUGLASSI, sp. nov. 

PLATE LXI, FIGS. 13-15. 

Shell arcuate over the earlier portion, suberect for the greater part of its 

length. From the eighth air-chamber (counting from the aperture) upward, the 

shell expands rapidly to the last septum, thence contracts more rapidly, forming a 

broad and rather deep constriction just within the aperture. The expansion is 
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This species is distinguished by its subacute venter, broad but not ventricose 

dorsal surface and the very slight decrease in the diameter of the hody-chamber 

from its base to the constriction. 

Formation and locality.-The species appears to be Ijuite common in the lower blue beels of the 
Trenton limestone at Janesville, Wisconsin. It also occurs in the Trenton at Preston amI Minneapolis, 
Minnesota. 

Museum Register, No. 8300. 

ONCOCERAS CARVERI, sp. nov. 

PLATE LVIII, FIGS. 7·-U. 

An entire body-chamber, with three air-chambers attached, is characterized by 

its broad sides, narrow dorBum and compressed, subangular venter. The cross

section of the shell is, thus, elongate-ovate, its major and minor diameters being as 

3 to 2. Above the third septum (counting from the aperture) the shell expands 

somewhat to within the base of the body-chamber and is, thence, gently contracted 

to the aperture. The latter is more narrowly ovate than the rest of the shell, its 

lateral margins convex, making a narrow emargination on the venter. The suture 

is transverse on the sides and dorsum, without curvature, but is curved forward 

over the venter to such a degree that the depth of the air-chambers at the ventral 

surface is about twice that on the dorsal surface. 

The sipho is ventral and is situated within the margin of the septa. 

The ,shell is but slightly arcuate, being subered except in the vicinity of the 

aperture where it is curved inward making the aperture' somewhat oblique. Sur

face covered with fine concentric stria: which are strongly recurved over the 

venter, concentric to the outline of the aperture. The length of the body-chamber 

in the specimen is 20 mm.; the entire length of the body-chamber with three air

chambers, 26 mm.; the major diameter of the third septum, 21 mm., the minor 

diameter, 14 mm. 

Formation and locality.-Ill the Trenton limestone at Minneapolis, Minnesota. A fragment of a 
larger shell has also been observed in the upper buff beels at Rockton, Illinois. 

Museum Register, No. 2193. 

ONCOCERAS DOUGLASSI, sp. nov. 

PLATE LXI, FIGS. 1~-j5. 

Shell arcuate over the earlier portion, suberect for the greater part of its 

length. From the eighth air-chamber (counting from the aperture) upward, the 

shell expands rapidly to the last septum, thence contracts more rapidly, forming a 

broad and rather deep constriction just within the aperture. The expansion is 
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more rapid on the ventral than the dorsal surface and hence the curvature is 

greater on the outer than on the inner margin of the shell. Dorsal and . lateral 

surfaces very broad; ventral surface narrow and somewhat compressed laterally. 

The transverse section of the shell is therefore very broadly ovate, almost circular, 

the dorso-ventral and lateral diameters being to each other as 13 to 12 at the last 

septum; as 12 to 11 at the first septum exposed (the eighth from the aperture). 

The septa are regularly and not deeply concave; the sutures regularly transverse 

and simple, without lobes or saddles and the air-chambers comparatively broad and 

of subequal depth on ventral and dorsal margins alike. The average depth of these 

chambers is 3 to 4 mm., eight of them occuping a length of 32 mm. Surface 

smooth, covered with obscure concentric lines which follow the outline of the 

apertural margin and are, hence, bent backward over the venter. The lateral 

length of the specimen described, from the aperture to the eighth or terminal air

chamber, is 59 mm., its dorsal length 51 mm. and .the ventral length 57 mm. The 

lateral length of the body-chamber is 20 mm. The transverse section at the eighth 

septum measures 12 by 11 mm.; at the base of the body-chamber 26x24 mm.; at the 

bottom of the subapertural constriction 28x34 mm. This species is charaterized by 

its very broad dorsum, rapid expansion over the later air-chambers, the regularity 

and considerable depth of the latter. It is most nearly allied to Oncoceras constric

tum Hall, of the Trenton limestone of Middleville, N. Y., but is less arcuate than 

that species, and the expansion of the tube is less abrupt and less ventricose on the 
dorsal surface. 

F01'1nation and locality.-In the Galena limestone at Hader, Goodhue county, Minnesota. 

Museum Registel', No. 243. 

ONCOCERAS PANDION Hall, 1861. 

PLATE LViII. I?IGS. 4-6. 

Oncoceras pandion HALT_, lSf}}. Rept. Supt. Geol. Surv. WisconSin, p. 45. 

Original Description: "Shell robust, strongly curved, very rapidly expanding 

to near the outer chamber which gently decreases in size for nearly two-thirds of 

its length and then becomes suddenly constricted to nearly one-half its former 

dimensions; broadly ovate or subcircular, the [greatest] diameter in the dorso

ventral direction. Septa moderately distant, strongly curved forwards on the 

dorsal side, the greatest concavity on the ventral side .. Siphuncle large, dorsal. 
8m'face unknown." 

To this species I refer a few specimens characterized by the great inequality in 

the curves of the ventral and uor8al surfaces, the latter being very gentle, while 
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more rapid on the ventral than the dorsal surface and hence the curvature is 

greater on the outer than on the inner margin of the shell. Dorsal and lateral 

surfaces very broad; ventral surface narrow and somewhat compressed laterally. 

The transverse section of the shell is therefore very broadly ovate, almost circular, 

the dorso-ventral and lateral diameters being to each other as 13 to 12 at the last 

septum; as 12 to 11 at the first septum exposed (the eighth from the aperture). 

The septa are regularly and not deeply concave; the sutures regularly transverse 

and simple, without lobes or saddles and the air-chambers comparatively broad and 

of subequal depth on ventral and dorsal margins alike. The average depth of these 

chambers is 3 to 4 mm., eight of them occuping a length of 32 mm. Surface 

smooth, covered with obscure concentric lines which follow the outline of the 

apertural margin and are, hence, bent backward over the venter. The lateral 

length of the specimen described, from the aperture to the eighth or terminal air

chamber, is 59 mm., its dorsal length 51 mm. and .the ventral length 57 mm. The 

lateral length of the body-chamber is 20 mm. The transverse section at the eighth 

septum measures 12 by 11 mm.; at the base of the body-chamber 26x24 mm.; at the 

bottom of the subapertural constriction 28x34 mm. This species is charaterized by 

its very broad dorsum, rapid expansion over the later air-chambers, the regularity 

and considerable depth of the latter. It is most nearly allied to Oncoceras constric

tUJn Hall, of the Trenton limestone of Middleville, N. Y., but is less arcuate than 

that species, and the expansion of the tube is less abrupt and less ventricose on the 
dorsal surface. 

F01'mation and locality.-In the Galena limestone at Hader, Goodhue county, Minnesota. 

Museu'lli Registel', No. 243. 

ONCOCERAS PANDION Hall, 1861. 

PLATE LViII. leIGS. 4-6. 

Oncoceras pandion HALL, 18tH. Rept. Supt. Geol. Surv. WisconSin, p. 45. 

Original Description: "Shell robust, strongly curved, very rapidly expanding 

to near the outer chamber which gently decreases in size for nearly two-thirds of 

its length and then becomes suddenly constricted to nearly one-half its former 

dimensions; broadly ovate or subcircular, the [greatest] diameter in the dorso

ventral direction. Septa moderately distant, strongly curved forwards on the 

dorsal side, the greatest concavity on the ventral side .. Siphuncle large, dorsal. 
~urface unknown." 

To this species I refer a few specimens characterized by the great inequality in 

the curves of the ventral and uorsal surfaces, the latter being very gentle, while 
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the former are more abrupt than in any other species of the genus here noticed. 

None of the specimens are very well preserved, but the best of them retains nearly 

all of the body-chamber and seven air-chambers. The dorsum is very broad and but 

slightly arched. The seven air-chambers occupy a length of 19 mm. on the venter 

and 10 mm. on the dorsum. The body-chamber is 23 mm. in length, 23.G mm. in 

major diameter at the base, and 22 mm. in minor diameter. The great difference 

in the outer and inner curves gives the shell a decided ventricose aspect about the 

ba.se of the body-chamber. 

The specimens here described are in very close agreement with those upon 

which Whitfield based his species Oncoceras brevicameratum* from the Trenton beds 

at Beloit, Wisconsin. This is especially noticeable in the subcircular form of the 

septum. This species is, however, much less ventricose on the body-chamber than 

those which we here regard as representing O. pandion. 

Formation and locality.- In the Trenton limestone at Janesville, Wisconsin, amI in the vicinity of 
Cannon Falls, Minnesota. 

Muse~tm Register, No. 8303. 

Family CYRTOCERATID....E. 

Genus CYRTOCERAS, Goldfuss, 1832. 

Though fully alive to the fact that the multitude of middle and late Silurian 

and early Devonian species which have been referred to Cyrtoceras, must eventually 

prove to be an association of phyletic inequalities, we still feel·constrained to 

employ the term for a considerable number of the species here under consideration. 

These forms have been studied with care by Hyatt and most, if not all of the 

species here discussed will probably take their places within the genera intro

duced by him, namely; Mcelonoceras, Oonoceras, Cranocel'((s and Eremocerast, but it is 

difficult· in many cases to employ these terms with precision. In this author's 

work Cyrtoceras does not appear as one of the "Genera of Fossil Cephalo

poda," but the type of this old genus, C. depressum, is assumed as the type 

of Cranoceras. This type-species is a middle Devonian shell, occurring in those 

later faunas of the Paleozoic where such forms ususully lack any evidence of a 

swollen body-chamber, but are likely to possess extended and more completely 

coiled tubes than in the Silurian faunas. It is among these later forms that the 

distinction between the genera Oyrtoceras and Gyrocerrts becomes very obscure,t 

while in the Silurian shells the presence of an inflated tube is common and the 
.Geology of Wisconsin, vol. iv, p.234, pI. vii, fig. 2. 
tProc. Boston Soc. Nat. Rist., vol. xxii, pp. 280-282. 
:::See the remarks by James Rall upon the Impossibility of referring It large nUlllbcr of Devonian species with accuracy 

t.Q either genus: Pala:onlology of New York. vol, v, pt ii' 
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the former are more abrupt than in any other species of the genus here noticed. 

None of the specimens are very well preserved, but the best of them retains nearly 

all of the body-chamber and seven air-chambers. The dorsum is very broad and but 

slightly arched. The seven air-chambers occupy a length of 19 mm. on the venter 

and 10 mm. on the dorsum. frhe body-chamber is 23 mm. in length, 23.S mm. in 

major diameter at the base, and 22 mm. in minor diameter. The great difference 

in the outer and inner curves gives the shell a decided ventricose aspect about the 

base of the body-chamber. 

The specimens here described are in very close agreement with those upon 

which Whitfield based his species Oncoceras brevicameratum* from the Trenton beds 

at Beloit, Wisconsin. This is especially noticeable in the subcircular form of the 

septum. This species is, however, much less ventricose on the hody-chamber than 

those which we here regard as representing O. pandion. 

Formation and lucality.- In the Trenton limestone at Janesville, Wisconsin, and in the vicinity uf 
Oannon Falls, Minnesota. 

Museum Register, No. 8303. 

Family CYRTOCERATIDAB. 

Genus CYRTOCERAS, Goldfuss, 1832. 

Though fully alive to the fact that the multitude of middle and late Silurian 

and early Devonian species which have been referred to Cyrtoceras, must eventually 

prove to be an association of phyletic inequalities, we still feel constrained to 

employ the term for a considerctble number of the species here under consideration. 

These forms have been studied with care by Hyatt and most, if not all of the 

species here discussed will probably take their places within the genera intro

duced by him, namely; .l"lfcelonoceras, Oonoceras, Cranoceras and Eremocems-j-, but it is 

difficult· in many cases to employ these terms with precision. In this author's 

work Cyrtoceras does not appear as one of the "Genera of Fossil Cephalo

poda," but the type of this old genus, C. depressum, is assumed as the type 

of Cranoceras. This type-species is a middle Devonian shell, occurring in those 

later faunas of the Paleozoic where such forms ususully lack any evidence of a 

swollen body-chamber, but are likely to possess extended and more completely 

coiled tubes than in the Silurian faunas. It is among these later forms that the 

distinction between the genera Cyrtoceras and Gyrocems becomes very obscure,t 

while in the Silurian shells the presence of an inflated tube is common and the 
'Geology of Wisconsin, vol. iv, p.234, pI. vii, fig. 2. 
tProc. Boston Soc. Nat. Hist .• vol. xxii, pp. 280-282. 
*See the remarks by James Hall upon the ilupossibility of l'eferring " large nUlliber of Devilnian species with accuracy 

to ellber genus: Pflll1'ontology of New Yor],. vol, v, pt ii' 
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affinities of these species are with Oncoceras and Clinoceras. Some light is thrown 

upon these facts by observations recently made upon the early stages of the shell 

in the genus Bactrites'i.· where it appears that in late Devonian represenatives of 

this genus the swollen tube is a growth-stage immediately succeeding the pro

toconch. It is hence a primitive condition, or at least it may be regarded as 

indicating such a condition in such nautiloids as reveal it at any growth-stage. 

We find that this inflation of the tube is a normal mat.ure character in many early 

Silurian genera, but is continued into the Devonian only in the genus Gomphoceras. 

CYRTOCERAS NELEUS Hall, 1861. 

PLATE LIX, FIGS. 17-20. 

CY7·tnceras neleum HALL, 1861. ~ept. Supt. Geo!. Surv. Wisconsin p. 40. 

Original description.. "Shell of small or medium size, very gradually expanding 

from the apex and strongly curved, transverse section circular or subcircular, very 

obtusely subangular on the back in casts, most ventricose on the ventro-Iateral 

region. Septa closely but not evenly arranged, averaging about nine in a space 

equal to the transverse diameter of the shell, curving forward to the dorsal sides, 

their margins undulated especially toward the outer chamber where they become 

crowded. On the ventral side the septa have a broad advancing curve. The 

exposed surface of the septa shows the greatest concavity a little on the ventral 

side of the center. Siphuncle dorsa], comparatively large. Surface marked by 

transverse, slightly undulating annulations, which are strongly and abruptly curved 

backwards on the dorsum. Diameter of the large specimens five-eighths of an inch." 

To this species I have referred a number of specimens which conform to the 

above description, though the surface markings in the specimens are not distinctly 

annulations but rather strong concentric strial grouped in bundles and presenting 

the appearance of low and obscure annulations. Some of this material is of good 

quality, one specimen in particular retaining nearly the entire extent of the shell, 

showing its slender and graceful form, and making a little less than one volution. 

The broad, simple aperture (dorso-ventral diameter 18 mm., lateral diameter 

21 mm.), rather shallow body-chamber (15 mm. on the dorsal surface) and the 

numerous septa, which number forty in the entire length, serve to charaeterize it. 

This specimen is an internal cast and along the venter the comparatively large 

siphonal beads are clearly exposed. Other exampl~s, in which there has been no 

abrasion of the ventral surface, show the strong upward curvature of the septa and 

• Tile w!'iter in tile AluericRn Geologist, vol. xiv, p. 07, 1894; "The Eal'ly Stages of Bactrltes." 
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the slight deepening of the air-chambers on the ventral surface and also the recurvec1 

surface strire which have a direction nearly the reverse of that of the septa. 

Formation and localitll.-In the Trenton limestone at Cannon Falls, Minneapolis and ncar Foun
tain, Minnesota, and Beloit. Wisconsin; in the Galena shales at Wykoff, Minnesota, 

Museum Register, Nos. 6554, 7926. 

CYRTOCERAS CAMURUM Hall, 1847. 

PLA'l'E LX, IIIGS. 5, 8. 

Ggrtoceras Ca1hUrUm HALL, 1847. Pala'ontology of New York, vol. i, p. HJ6, pI. XLII, fig. 6. 
Gyrtoceras camurU1n WHITFIELD, 1882. Geology of Wisconsin, vol. iv, p. 231, pl. YlI, figs. 7,8,9. 

The very gradual expansion, slight arcuation and extreme lateral compression 

of this species afford a ready distinction from associated forms. The original 

specimen, from Middleville, N. Y., is not very favorably preserved, but that figured 

by Whitfield serves to establish the characters of the species and with the latter I 

find a close agreement in the case of a single specimen in the collections in hand. 

This retains the entire body-chamber and sixteen air-chambers, and also shows the 

bead-like divisions of the submarginal sipho. 

Formation and locality.-In the upper buff beds of the Trenton limestone, Samp's quarry, Beloit, 
Wisconsin. 

CYRTOCERAS HALLIANUM D'Orbigny, 1850. 

PLATE LX, FIGS. 11, 12. 

Gyrtoceras lamellosum HALL, 1847. PalaJontvlogy of N. Y., vol. i, p. 93, pI. XLI, figs. 2a-c. 
Ggrtoceras hallianum D'ORBlGNY, 1850. Prod. de paleontol. siratigraph., vol. i, p. 1. 
Gyrtoceras billingsi SALTEl{, 1859. Figures and Deser. Canad.Org. Rem. Decade 1, p. 33, pI. VII, 

fig. 5 (non 6). 

The original of this species was a small, badly crushed specimen distinguished 

by its surface ornamentation, consisting of "undulating squamose lamellre 

which are abruptly bent backward on the dorsal line." There are two specimens 

before me in which this peculiar ornament is retained; one a mere fragment of the 

shell with these surface markings very sharply defined, the other a considera'ble 

portion of a large and more complete example in which the surface is less clearly 

preserved. The latter shows an arcuate and broad shell with ovate cross-section, 

the dorso-ventral diameter diminishing, in a length along the ventral periphery of 

60 mm. (and dorsal of 37 mm.), from 25 mm. to 16 mm. 

Septa rather closely crowded, 

. inclining somewhat to the venter. 

lobes. Sipho ventral, submarginal. 

eight or ten on the dorsal surface of 37 mm., 

Sutures with low, scarcely perceptible lateral 
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The undulations of the surface lamellffi consist of numerous small festoons. 

caught up at regular intervals on the successive growth-lines. Over the dorsal and 

ventral smfaces are traces of low l'evol ving ridges. 

Forlilation and locality.-In the Trenton limestone at Janesville, Wisconsin, and in the shales at 
St,. Anthony Park, Minneapolis. 

CYRTOCERAS BILLINGSI Salter, 1859. 

PLATE LX, FIG. 10. 

Cyrtocera.s billingsi SALTElt, 1859. Figures and Descr. Canad. Organ. Rem. Decade 1, p. 33, pI. VII, 

fig. 6 (non 5'. 

Salter, in proposing, in the work cited, to rechristen the species C. larnellosum 

Hall, with the name C. billingsi, overlooked the fact that d'Orbigny had recognized 

the preoccupancy of that term, and in 1850 had introduced the name C. hallianum 

therefor. Mr. Salter also figured as C. billingsi two specimens, one of which shows 

the form and rate of expansion of the shell as we have above given it, and also the 

peculiar festooned, squamous growth-lines and faint longitudinal ridges of the 

smface. The other of his figures (fig. 6) represents a more rapidly expanding shell, 

'with lamellose growth-lines which are simple and not festooned, and are strongly 

retrose on the venter. By finding both forms represented in the Silurian rocks of 

Minnesota, retaining all the features exemplified in each of Salter's figures, we are 

convinced that there are here two quite distinct species. As Salter's name, so far 

as it is based on the first of his figures (fig. 5) is a synonym for C. hallianurn the 

term C. billingsi may properly be employed for shells conforming to the type of the 
second of his figures. 

One excellent specimen and fragments of others permit the following descrip
tion of this species. 

Shell very arcuate and rapidly expanding. A specimen measuring 57 mm. 

in length on the ventral periphery and 32 mm. on the dorsal, has an apertural 

diameter of 23 mm. dorso-ventrally and a posterior diameter of 8 mm. The arc 

traversed in this length is approximately one-third of a volution. Transverse 

section nearly circular, venter very broad. Surface covered with fine, crowded, 

sUbequidistant lamellffi, from .3 to .5 mm. apart; these are projected forward or 

toward the aperture and may be sufficiently long to overlap each other. The 

interspaces become somewhat greater toward the aperture. On the venter these 

lamelhe make a short, decided curve backward. The form of the septa and course 
of the sutures are not known. 

The external characters of this species are such as to readily distinguish it. 
The single respect in which a difference from the specimen described by Salter 
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can be suggested is the somewhat greater interval betweell the lamell<u and their 

stronger ventral curvature in the Canadian example. 

Formation and locality.-Trenton limestone, in the vicinity of Cannon Falls, Minnesota. Collec
tion of W. H. Scofield. 

CYRTOOERAS HOUGHTONI, sp. nov. 

PLATE I,IX, FIGS. 12-15. 

Shell small, short, slightly arcuate, very compressed laterally, the dorso-ventral 

diameter being from one and a half to twice the lateral diameter. Dorsal surface 

obtusely rounded, ventral margin subacutely convex. Transverse section narrowly 

and rather acutely ovate. Greatest diameter of the tube, just behind the aperture, 

about twice that at the 16th septum. Body-chamber moderately deep, not direct 

but sharing in the general arcuation of the shell. Septa moderately, somewhat 

irregularly distant. Sixteen of the air-chambers have a length of 16 mm. on the 

sides, with a scarcely perceptible upward curve on the dorsum, and a broad ventral 

saddle which may be subacutely angled. Greatest convexity at the base of the 

boqy-chamber which is somewhat contracted toward the aperture. Sipho dorsal, 

submarginal. Surface covered with fine strim which over the body-chamber, are 

curved backward. A specimen 39 mm. in length on the venter has a body-chamber 

15 mm. deep. In one 45 mm. in the same dimension, the body-chamber is 20 mm. 

long. This specimen has the body-chamber entire. 

In this species the great lateral compression of the shell is the primary dis

tinguishing character. This added to the arcuation of the body-chamber and the 

very slight convexity of the septa renders the species readily separable from other 

described forms. 

Formation and locality.-Four speCimens of this shell from the Trenton limestone of Cannon Falls, 
Minnesota, occur in the material loaned by the late W. H. Scofield. 

CYRTOOERAS FEATHERSTONHAUGHI, sp. nov. 

PLATE LVIII. FIGS. 12-15. 

Shell small, slightly arcuate, gently contracted at the aperture, expanded a 

little on the body-whorl and tapering toward the apex in low, convex curves. 

Dorsal or inner surface very depressed convex, rounding rather abruptly at the 

sides to a somewhat elevated venter. Transverse section broadest laterally. 

Th.e greatest lateral diameter of the septum divides the major axis into parts 

which are as.2 to 3, the greater being ventral. Each septum is gently concave, the 

concavity being the most pronounced on the ventral slope. Air-chambers closely 

appressed, thirteen of them measuring 15 mm. on the dorsal side and 23 mm. on 
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the ventral side. This implies that the depth of each chamber on the venter is 

very much greater than on the dorsum. Each suture makes a low, broad and very 

obscure saddle on the dorsum, scarcely perceptible lateral lobes, thence sloping 

forward and making a strong ventral saddle. 
Sipho ventral and submarginal. Body-chamber large and deep on the dorsum, 

equalling ten air-chambers in length, and on the venter six. Surface smooth. 

Dimensions. The specimen upon which this species is based retains the body

chamber nearly intact, and thirteen air-chambers. It has a length of 36 mm. on 

the outer curve, 11 of which belong to the body-chamber; on the inner curve it 

measures 2S mm., of which 11 beloug to the body-chamber. Its transverse .diameter 

near the aperture is 14 mm.; at the last septum 13 mm., and at the thirteenth 

septum 7 mm. Its dorso-ventral diameter near the aperture is 12 mm., at the last 

septum 11 mm., and at the thirteenth septum 6 mm. 
This species is well characterized by the peculiar transverse form the shell. 

Formation and locality.-The type specimen is from the Trenton limestone, and is believed to have 
been obtained from Madison, Wisconsin. Collection of W. H. Scofield. 

CYRTOCERAS MINNEAPOLIS, sp. nov. 

PLATE LIX, PIGS. 1-8. 

Shell arcuate, rapidly expanding to the aperture. Body-chamber without con

striction ; apical curvature not known. Surface laterally compressed; sides broad; 

dorsum narrow, venter still narrower and more arcuate. Transverse section 

subelliptical, the major and minor diameters being as 11 to 9 at the next to the 

last septum, and as 16 to 11 at the aperture. The lateral margins of the aperture 

are convex, the dorsal and ventral margins broadly and narrowly concave or 

re-entrant, respectively. The septa are regularly and evenly, though not deeply 

concave, the deepest concavity being at about the center. The sutures are 

transverse and simple, without lobes or saddles save for a slight upward inclination 

on the venter, which gives to the air-chambers a greater depth on the v'entral than 

on the dorsal side. Sipho ventral, submarginal, expanded in each air-chamber. 

Surface covered with closely crowded concentric lines, conforming in curvature 

to the aperture. On the internal cast are traces of longitudinal ridges over the 
body-chamber. 

A small and typical example has the aperture 16 mm. in major, and 11 mm. in 

minor diameter. At the next septum to the last these dimensions are 11 and 9 mm. 

In a large specimen the aperture is 21.5x15 mm. and at the third septum from the 

aperture 15x12 mm. This species has some similarity to Cyrtoceras camurum 

sos THE PALEONTOLOGY OF MINNESOTA. 
I Uyrtoceras millueapolls. 

the ventral side. This implies that the depth of each chamber on the venter is 

very much greater than on the dorsum. Each suture makes a low, broad and very 

obscure saddle on the dorsum, scarcely perceptible lateral lobes, thence sloping 

forward and making a strong ventral saddle. 
Sipho ventral and submarginal. Body-chamber large and deep on the dorsum, 

equalling ten air-chambers in length, and on the venter six. Surface smooth. 

Dimensions. The specimen upon which this species is based retains the body

chamber nearly intact, and thirteen air-chambers. It has a length of 36 mm. on 

the outer curve, 11 of which belong to the body-chamber; on the inner curve it 

measures 28 mm., of which 11 belong to the body-chamber. Its transverse Jiameter 

near the aperture is 14 mm.; at the last septum 13 mm., and at the thirteenth 

septum 7 mm. Its dorso-ventral diameter near the aperture is 12 mm., at the last 

septum 11 mm., and at the thirteenth septum 6 mm. 

This species is well characterized by the peculiar transverse form the shell. 

Formation and locality.-The type specimen is from the Trenton limestone, and is believed to have 
been obtained from Madison, Wisconsin. Collection of W. H. Scofield. 

CYRTOCERAS MINNEAPOLIS, sp. nov. 

PLATE LIX, PIG:-;. 1-8. 

Shell arcuate, rapidly expanding to the aperture. Body-chamber without con

strit\tion ; apical curvature not known. Surface laterally compressed; sides broad; 

dorsum narrow, venter still narrower and more arcuate. Transverse section 

subelliptical, the major and minor diameters being as 11 to 9 at the next to the 

last septum, and as 16 to 11 at the aperture. The lateral margins of the aperture 

are convex, the dorsal and ventral margins broadly and narrowly concave or 

re-entrant, respectively. The septa are regularly and evenly, though not deeply 

concave, the deepest concavity being at about the center. The sutures are 

transver::;e and simple, without lobes or saddles save for a slight upward inclination 

on the venter, which gives to the air-chambers a greater depth on the ventral than 

on the dorsal side. Sipho ventral, submarginal, expanded in each air-chamber. 

Surface covered with closely crowded concentric lines, conforming in curvature 

to the aperture. On the internal cast are traces of longitudinal ridges over the 
body-chamber. 

A small and typical example has the aperture 16 mm. in major, and 11 mm. in 

minor diameter. At the next septum to the last these dimensions are 11 and 9 mm. 

In a large specimen the aperture is 21.5x15 mm. and at the third septum from the 

aperture 15x12 mm. This species has some similarity to Cyrtoceras camurum 
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Hall, as figured by Whitfield,* but is distinguished from that as from other species 

by the rapid expansion and absence of constriction in the body-chamber. 

Formation and locality.-In the Trenton limestone at Minneapolis. 

Museum Register, No. 5048. 

CYRTOCERAS CORNICULUM Hllll, 1862. 

PLATE LlX, ~'lG. 16. 

Oyrtoceras corniculum HALL, 1862. Rept. Geol. Surv. Wisconsin, p. 41, figs. J, 2. 

Shell small, slender, with graceful curvature, making less than one volution. 

Surface nearly equally rounded, somewhat broader on the dorsum. Transverse 

section nearly circular. Septa very gently and regularly concave. Sipho ventral, 

intra-marginal, minute, distant by twice its diameter from the margin. 

There are two specimens of this little species, both preserved as internal casts 

in crystalline calcite. But one shows the character of septum and sipho and neither 

indicates the distance between the air-chambers. Enough, however, is retained of 

the form of the shell and its curvature to show its agreement with this species. 

The larger of the two incomplete examples measures, along the ventral 

curve, 30 mm.; along the dorsal curve, 2] mm. At the distal extremity of the 

specimen which is not far from the apex of the shell, the diameters are 2.5 and 

2 mm., while at the proximal extremity the dorso-ventral diameter is t3 mm. and 

the lateral diameter 9 mm. 

Formation and locality.-In the Galena shales. Warsaw, Minnesota. Uolltction of W. H. Scofield. 

CYRTOCERAS NORWOODI, sp. nov. 

PLATE LX, FIGS. 7-9. 

The specimen upon which this species is based retains the entire body-chamber 

and six air-chambers. The form of the shell is suberect, gently increasing in con

vexity from the base of the specimen to the base of the body-chamber, thence 

gradually contracting to the aperture but forming no distinct constriction. The 

shell is stout, with broad dorsum, broad sides and a somewhat narrowed or laterally 

compressed venter. The transverse section is oval, with diameters as 5 to 6, the 

greater dimension being dorso-ventrally. This diameter at the 7th septum is 26 

rum.; at the aperture 22.5 mm. The sutures are nearly transverse with very low 

and broad lateral lobes~ an indistinct dorsal saddle and more conspicuous and 

subacute ventral saddle. Throughout their extent the sutures are minutely un

dulated, these undulations being most clearly shown on the sides where the upward 

curves of each seem to coincide with obscure longitudinal ridges on the surface. 
"Geology of Wisconsin, vol. iv, pI. VII, figs. 7-9. 

CEPHALOPODA. .'309 
Oyrtocera~ c,)rniculunI.j 

Hall, as figured by Whitfield,* but is distinguished from that as from other species 

by the rapid expansion and absence of constriction in the body-chamber. 

Formation and locality.-In the Trenton limestone at Minneapolis. 

Museum Register, No. 5048. 

CYRTOCERAS CORNICULUM Hllll, 1862. 

PLATE LIX, Ii'lG. 15. 

Cyrtoceras corniculum HALL, 1862. Rept. Geol. Surv. WisconSin, p. 41, figs. J, 2. 

Shell small, slender, with graceful curvature, making less than one volution. 

Surface nearly equally rounded, somewhat broader on the dorsum. Transverse 

section nearly circular. Septa very gently and regularly concave. Sipho ventral, 

intra-marginal, minute, distant by twice its diameter from the margin. 

There are two specimens of this little species, both preserved as internal casts 

in crystalline calcite. But one shows the character of septum and sipho and neither 

indicates the distance between the air-cham bel'S. Enough, however, is retained of 

the form of the shell and its curvature to show its agreement with this species. 

The larger of the two incomplete examples measures, along the ventral 

curve, 30 mm.; along the dorsal curve, 2] mm. At the distal extremity of the 

specimen which is not far from the apex of the shell, the diameters are 2.5 and 

2 mm., while at the proximal extremity the dorso-ventral diameter is tl mm. and 

the lateral diameter 9 mm. 

Formation and locality.-In the Galena shales. Warsaw, Minnesota. Collection of W. H. ScofieJd. 

CYRTOCERAS NORWOODI, sp. nov. 

PLATE LX, FIGS. 7-9. 

The specimen upon which this species is based retains the entire body-cha.mber 

and six air-chambers. The form of the shell is snberect, gently increasing in con

vexity from the base of the specimen to the base of the body-chamber, thence 

gradually contracting to the aperture but forming no distinct constriction. The 

shell is stout, with broad dorsum, broad sides and a somewhat narrowed or laterally 

compressed venter. The transverse section is oval, with diameters as 5 to 6, the 

greater dimension being dorso-ventrally. This diameter at the 7th septum is 26 

mm.; at the aperture 22.5 mm. The sutures are nearly transverse with very low 

and broad lateral lobes~ an indistinct dorsal saddle and more conspicuous and 

subacute ventral saddle. Throughout their extent the sutures are minutely un

dulated, these undulations being most clearly shown on the sides where the upward 

curves of each seem to coincide with obscure longitUdinal ridges on the surface. 
"Geology of Wisconsin, vol. iv, pI. VII, figs. 7-9. 
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[CyrtoC61'aS shumard!. 

The septa are very gently concave and closely appressed, the air-chambers 

being somewhat deeper on the venter than on the dor8um. Six of these septa 

occupy a length of 9 mm. Sipho ventral and submarginal. 

The entire length of the specimen on both ventral and dor~al surfaces is 26 mm. 

of which 17 mm. belong to the body-chamber. 

FOl'lIwtion and locality.-In the upper buff beds of the Trent'Jn series at Rockton, Illinois. 

CYRTOCERAS SHUMARDI, sp. nov. 

PLATE LX, FIGS. 1-4. 

The body-chamber and last air-chamber of a single specimen indicate the 

presence of another undescribed species of this genus, distinctly characterized by 

the very broad, somewhat flattened venter, narrow sides and broad, concave 

dorsum. This shape gives to the cross-section of the shell the form of a transverse 

oval somewhat flattened on one (the ventral) side. Another leading feature is the 

regularity of the suture which is without evidence of lobe or saddle even on the 

ventral side. The septum is deeply concave, its point of greatest convexity being on 

the dorsal side of the center. The aperture is slightly expanded, oblique and 

highest on the ventral side. The length of the body-chamber in this specimen is 

25 mm. The major and minor diameters of the aperture are 25 and 23 mm.; the 

major and minor axes of the last septum, 19 and 15 mm.; the depth or concavity 

of the last septum, 4.5 mm. There is also a second specimen from near the apex 

of the shell, which retains the proportions of that described but ha1; a greater 

a.rcuation of the conch. 

Formation and locality.-In the Trenton limestone at Cannon Falls, Minnesota. Collection of 
W. H. Scolield. 

CYRTOCERAS SCOFIELDI, sp. nov. 

PLATE LIX, FIGS. 9-11. 

A very sharply defined internal cast, which resembles in some respects 

Cyrtocems camurWln Hall, though with a more arcuate shell and more oval cross

section, retains a portion of the body-chamber with eleven air-chambers attached. 

Prom C. camururn it differs in the sharper venter, in the presence of a low and 

obscure median ridge on the dorsum and in the form of the septal sutures, which 
may be described as follows: 

At the median ridge on the dorsum they make a small but distinct saddle; 

thence they slope laterally in a very low lobe, again making a slight forward curve 

at about one-third the distance across the shell. From this point they make a. broad 

and gentle lobe which covers the remaining portion of the side. Toward the 
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The septa are very gently concave and closely appressed, the air-chambers 

being somewhat deeper on the venter than on the dor.sum. Six of these septa 

occupy a length of 9 mm. Sipho ventral and submarginal. 
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of which 17 mm. belong to the body-chamber. 

FOT'1nution and locality.-In the upper buff beds of the Trent'Jn series at Rockton, Illinois. 
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The body-chamber and last air-chamber of a single specimen indicate the 

presence of another undescribed species of this genus, distinctly characterized by 

the very broad, somewhat flattened venter, narrow sides and broad, concave 

dorsum. This shape gives to the cross-section of the shell the form of a transverse 

oval somewhat flattened on one (the ventral) side. Another leading feature is the 

regularity of the suture which is without evidence of lobe or saddle even on the 

ventral side. The septum is deeply concave, its point of greatest convexity being on 

the dorsal side of the center. The aperture is slightly expanded, oblique and 

highest on the ventral side. The length of the body-chamber in this specimen is 

25 mm. The major and minor diameters of the aperture are 25 and 23 mm.; the 

major and minor axes of the last septum, 19 and 15 mm.; the depth or concavity 

of the last septum, 4.5 mm. There is also a second specimen from near the apex 

of the shell, which retains the proportions of that described but hal:; a greater 

a.rcuation of the conch. 
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section, retains a portion of the body-chamber with eleven air-chambers attached. 

Prom C. camut'urn it differs in the sharper venter, in the presence of a low and 

obscure median ridge on the dorsum and in the form of the septal sutures, which 
may be described as follows: 
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at about one-third the distance across the shell. From this point they make a broad 

and gentle lobe which covers the remaining portion of the side. Toward the 



OEPHALOPODA. 811 
Gyroceras duplicioostatnm.l 

venter they are curved forward into a broadly angled sa,delle, which is Hot a.cn t e, 

bnt. is sharper on the septa nearest the aperture. The depth of the air-chamiJers 

on this side is about one-half greater than on the dorsum. The form of the suture 

is so characteristic that, taken in conjunction with the form of the shell, I have 

ventured to regard the specimen as representing a new specific form. 

Dimensions. Length, 30 mm.; major axis of apertural end, 1G mm.; minor a.xis 

12-5 m~.; major axis of distal end 12 mm.; minor axis, 10 mm. Average depth of 

air-chamber on venter, 2 mm.; on dorsum, limm. 

Formation and locality.-In the lower blue beds of the Trentun limestonc" at Jane~\ille, Wisconsin. 

Museum Register, No. 62. 

Genus GYROCERAS, DeKoninck, 1841. 

GYROCERAS DUPLICICOSTATUM VYhitjield, 1878. 

Gyroceras duplicicostalum WIIITFIELD, ISiS. Ann. Rept. Geol. Surv. Wiscun~in fur 1877, p. 7::l. 
Gyroceras duplicicostatum WHITFIELD, 1882. Geology of Wisconsin, vol. iv, p. 235, pI. VII, lig. I. 

Fragments of this species occur in specimens in the state museum, collected 

from the lower blue beds of the Trenton limestone at Janesville, Wisconsin. The 

original specimens were from the Trenton at Bristol and Beloit, in that state. 

Family T -LENOUERAT ID-LE. 

Genus EURYSTOMITES, Schroeder, 1891. 

EURYSTOMITES UNDATUS Emmons, 1842, val'. OCCIDENTALIS Hall, 1861. 

Lituites undatus, var. occidentalis HALL, 186l. Rept. Supt. GeoI. Surv. Wisconsin, p. :38. 

This well known form is represented by several specimens in the collections 

before me, some of them of large size, all possessing the broad whorls with flattened 

dorsum and the simple concave septa characterizing the western variety of this 

species. The New York specimens upon which the species was founded, seem to 

be restricted in range to narrow limits within the Black River limestone formation 

but the specimens from Minnesota indicate a more general distribution. Two 

large examples have a diameter of about 140 mm.; smaller specimens show the 

extreme ventral but submarginal position of the sipho and the dorsal depression or 

groove on each whorl made by contact with that next within. 

The species has usually been referred to the genus Lituites, Breyn, the type of 

which is Lituites lituus. It is evident however that the species is not a Lituites, and 

and I have here followed the recent suggestion of Hyatt* that it be placed with 

Eurystomites. 
Formation and locality.-In the Trenton limestone at Minneapolis, Spring Valley, Northfield, Pine 

Island, Minnesota; Dixon and Rockton, Illinois. 

Museum Register, Nos. 5066,5714. ---
* Proc. Amer. Philos. Soc., V<.ll. xxxii. p. 445. I80!. 
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on this side is about one-half greater than on the dorilum. The form of the suture 

is so characteristic that, taken in conjunction with the form of the shell, I have 

ventured to regard the specimen as representing a new specific form. 

Dimensions. Length, 30 mm.; major axis of apertural end, Hi m m.; minor axis 

12-5 mm.; major axis of distal end 12 mm.; minor axis, 10 mm. Average depth of 

air-chamber on venter, 2 mm.; on dorsum, limm. 
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Museum Register, No. 62. 
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Gyroceras duplicicostatum WHITFIELD, 1882. Geology of Wisconsin, vol. iv, p. 235, pl. VII, Ug. 1. 

Fragments of this species occur in specimens in the state museum, collected 

from the lower blue beds of the Trenton limestone at Janesville, Wisconsin. The 

original specimens were from the Trenton at Bristol and Beloit, in that state. 
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Genus EURYSTOMITES, Schroeder, 1S91. 

EURYSTOMITES UNDATUS Emmons, 1842, var. OCCIDENTALIS Hall, ISGl. 

Lituites undatus, var. occidentalis HALL, 186l. Rept. Supt. Geol. Surl'. Wisconsin, p. :38. 

This well known form is represented by several specimens in the collectiolls 

before me, some of them of large size, all possessing the broad whorls with flattened 

dorsum and the simple concave septa characterizing the western variety of this 

species. The New York specimens upon which the species was founded, seem to 

be restricted in range to narrow limits within the Black River limestone formation 

but the specimens from Minnesota indicate a more general distribution. Two 

large examples have a diameter of about 140 mm.; smaller specimens show the 

extreme ventral but submarginal position of the sipho and the dorsal depression or 

groove on each whorl made by contact with that next within. 

The species has usually been referred to the genus Lituites, Breyn, the type of 

which is Lituites lituus. It is evident however that the species is not a Lituites, and 

and I have here followed the recent suggestion of Hyatt* that it be placed with 

Eurystomites. 
Formation and locality.-In the Trenton limestone at Minneapolis, Spring Valley, Northfield, Pine 

Island, Minnesota; Dixon and Rockton, Illinois. 

Museum Register, Nos. 5066,5714. ---
* Proc. Amer. Philos. Soc., vul. xxxii. p. 445. 1894. 
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I List of Oephalopoda. 

LIST OF SPECIES OF CEPHALOPODA HERE DESCRIBED. 

Piloeems ncwton-winchel/.i, sp. nov. 
Nanno aulema, Olarke. 
('yrloGel'ina (?) schoolcnifti, ~p. nov. 
Ca;nerocel'as pl'oteijorme, Hall. 
Oamel'ocel'as hennepini, sp. nov. 
Cct1nerOCenis, sp. 
Came,oGe,as, sp. nov. 
Actinoc€ms bigsbyi, Stokes. 
A.ctinocel'as beloitense, Whitfield. 
Actinocel'as l'emotiseptum, Hall. 
Orthocer((s nicoleti, sp. nov. 
Orthoce,as anelhiS, Oonrad. 
Ur/hocems pen'oti, sp. nov. 
Orthocel'as lesueul'i, sp. nov. 
Orthoce1'as bilineatum, Hall. 
Orthoce7'ClS olorus, Hall. 
Orthocems tenuist1'iatum, Hall. 
01'thoce1'as socia Ie, Hall. 
Orthocel'as belt1'ami, sp. nov. 
Orthocems multicamel'atum, Emmons. 
Orlhocerasjunceum, Hall. 
Orthocems cf. amplicameratum, Hall. 
Triptoceras planoconvexum, Hall. 
Triptoceras planodoTScttum, Whitfield. 
1'riptoceras oweni, sp. nov. 

Triptoceras lambi, Whi tea ves. 
T1'iptocer((s, sp. ? 
Gonioce1'as anceps, Hall. 
Gonioce1'as occidentale, Hall. 
Pole1'ioceras ape1'tum, Whi tea ves. 
Olinoceras mumicejorme, Whitfield. 
Ullcocems exiguum, Billings, 
Ollcoce1'as minnesotense, sp. nov. 
Oncocel'as lycum, Hall. 
Oncocel'as ca1'vel'i, sp. nov. 
Oncoce1'as douglassi, sp. nov. 
OIlCOCe1'CiS pandion. Hall. 
Cyrtoceras neleus, Hall. 
CY1·toceras CCimU1'Um, Whitfield. 
Cyrtocel'as hallianum, D'Orbigny. 
CY1'tow'as billingsi, Salter. 
CY1'toce1'as houghtoni, sp. nov. 
Cyrtocel'as jeathel'stol1haughi, sp. nov. 
Cyrtoceras minneapolis, sp. nov. 
CY1'toceras corniculum, Hall. 
CY1'toceras norwoodi, sp. nov. 
CY1'toceras shuma1'di, sp. nov, 
CYl'tocel'as scojieldi, sp. nov. 
Gyroce1'as duplicicostatum, Whitfield. 
EW'ystomites undatus var. occidentalis, Ball. 

NOTE TO PAGE 769.-Since recording- the observations given upon the structure of Nanno auiema, 
the original material has been placed in the hands of Professor Alpbeus Hyatt for further elucidation. 
Prof. Hyatt's conclusions, not wholly eonfirmatory of my inferences, will be published in the ., Ameriean 
Geologist" for July, 1895. 

NOTE TO PAGE 7H.-The Ene/oeems-affinities of the genus Cyrtocerina have been confirmed by 
Holm's diseovery hy of large species of this genus with dorsal siphenes of great size and typical structure. 
(Om tvenne Gyroceras-formight Mjda Endocelas-arter; GeoL Foren. i Stockh. Forhandl. vol. 14, 1892). 

Errata jor the Chapter on Cephalopoda. 
Page 766, line 14, after .filaments, insert 01' callaIs, 
Page 774; the application of the terms c/o1'sal and ventml on this page should be reversed. 
Page ,77, reference to plates, second line omit 4. 
Page 784, reference to plates; for LI read L V; for XLIII read XL VII. 
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CyrioGel'ina (?) schoolc1'Cifti, ~p. nov. 
CmnerocenlS proteijorme, Hall. 
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A.ctinoceras beloitense, Whitfield. 
Actinoeeras remotiseptum, Hall. 
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Orthocems bilineatmn, Hall. 
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Orthoeel'as beltrami, sp. nov. 
Orthoceras multicameratum, Emmons. 
(jrlhocel'asjunceum, Hall. 
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Triptoeems planoconvexum, Hall. 
Triptoceras planodorsatum, Whitfield. 
Triptoeems oweni, sp. nov. 

Tf'iptoceras lambi, Whiteaves. 
Tl'iptoceras, sp. ? 
Gonioceras anceps, Hall. 
Gonioceras occidentale, Hall. 
Poterioceras apertum, Whi tea ves. 
Clinoceras mumimjorme, Whitfield. 
(jncoceras exiguum, Billings, 
Ollcoceras minnesotense, sp. nay. 
Oncocel'as lycum, Hall. 
Oncocel'as carvel'i, sp. nov. 
Oncoceras douglassi, sp. nov. 
Oncocel'(1S pandion. Hall. 
Cyrtocel'(ts neleus, Hall. 
Cyrtoceras camurum, Whitfield. 
Cyrtoeeras hallianum, D'Orbigny. 
CY1·tow·as billingsi, Salter. 
CYl'toeeras houghtoni, sp. nov. 
Cyrtocel'as jeatherstol1haughi, sp. nov. 
Cyrtoceras minneapolis, sp. nov. 
CY1·toceras corniculum, Ball. 
Cyrtoceras norwoodi, sp. nov. 
CYl'tocel·(ts shumardi, sp. nov, 
OYl'toceras scojieldi, sp. nov. 
Gyroceras duplicicostatum, Whitfield. 
Eurystomites undatus var. occidentalis, Ball. 

NOTE TO PAGE 769.-Since recording- the observations given upon the structure of Nanno aulema, 
the original material has been placed in the hands of Professor Alpbeus Hyatt for furLher elucidation. 
Prof. Hyatt's conclusions, not wholly eonfirmatory of my inferences, will be published in the "American 
Geologist" for July, 1895. 

NOTE TO PAGE 7H.-The Encloceras-affinities of the genus Cyrtocerina have been confirmed by 
Holm's diseovery hy of large speeies of this genus with dorsal siphGnes of great size and Lypical structure. 
(Om tvenne Gyroceras-formight bl)jda Endocelas-arter; Geol. FOren. i Stockh. Forhandl. vol. 14, 1892). 

EJ'mta jor the Chapter on Cephal01Joda. 
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PAGE. 

PILOCERAS NEWTON-WINCHELLI, sp. nov....................... .................. 767 
Inner and profile views of the more complete specimen; showing the form of the 

shell, the direction of the septa and, in fig. 1, the large size of the sipho. x 1 1-6. 
A fragment showing a portion of the filling of the sipho with traces of two siphonal 

sheaths. Shakopee chert, Union township, Houston county, Minn. 

NANNO AULElIIA, sp. nov. .... .... .. .... .. ................. ....................... 770 
Lateral view of a sipho with tbe aperture completed, indicating its freedom 

from the septal funnels 
Longitlldinal section of a specimen broken at the top; shuwing the thickness of 

the pr.eseptal cone, tbe can vergent lines representing organic deposits. 
The most complete example observed; showing the form of the shell, the position 

of the sipho, tbree of the distal air-chambers and the relations of tee preseptal 
cone to the rest of the shell. 

Lateral and antisiphonal views of an average sipbo, broken at the upper margin. 
Figs. 4-9 from tbe Trenton shales, Minneapolis, Minn. 

Lateral view of a sipho bearing traces of annulations produced by the septa. 
From tbe Galena formation, Ohatfield, Minn. 

A portion of a sipho above the preseptal cone, showing very strong annulations 
produced by the 3eptal funnels, and retaining a portion of the conch. Probably 
from near Oannon Falls, Minn. 

OYRTOCERINA (?) SCHOOLCRAFTI, sp. nov......................................... 774 
Lateral, septal and ventral (anti-siphonal) views of the original specimen. x3. 

The sutures are shown on one side of the specimen, and in fig. 14 they have been 
somewhat conventionally extended over the entire surface. Trenton shales 
near Cannon Falls, Minn. 

Figs. 15 to 17 ACTINocERAs BIGSBYI Stokes .. " .. . .. . .. . .. . . . .. .. ... ............................. 781 
15 View of the siphonal side of an internal cast of four air-chambers; showing the 

great size of the sipho and the filling of a portion of the endosiphon which is 
somewhat displaced from its normal position. 

16 Outline of the distal septum of the same specimen. Trenton horizon, Minneapolis. 
17 Longitudinal section of a longer specimen, the upper part through the endo-

siphon, and showing the thicknesR of the siphonal wall; the lower part through 
the substance of the sipho. From the Trenton group near Rochester, Minn. 

Fig. 18 ACTINOCERAS BELOITENSE Whitfield..... .... .. ................ .. .... .. ...... ...... 782 
A portion of an internal cast showing the filling of the endosiphon. In the Tren-

ton limestone at Janesville, Wisconsin. 

Fig. 19 ORTHOCERAS compare AMPLICA]}IERATUM Hall.................................... 790 

Figs. 20 and 21 
20 

21 

Figs. 22 and 23 
22 

A fragment which retains traces of a fine longitudinal surface striation. 
Galena limestone, Preston, Minn. 

OIn'HOCERAS BILINEATU]}I Hall ..............................................•... 
The apical part of a shell which shows very distinctly the gradual development 

of the annulations. x2. 
A fragment of a small shell with the characteristic exterior. This specimen is 

not very well preserved and the apparen t absence of annulations on the upper 
part of the shell is essentially due to imperfect retention. x2. Trenton 
shales, Minneapolis. 

ORTHOCERAS ANELLusOonrad 
A portion of a small shell sh~~i~~' tb~' ~i;~;~~t~;i's't'i~' '~~~~l'~ti~'~' ~~'d '~~~f~~~ 

ornamen ta tion. 
Outline of the distal septum. Trenton shales, Minneapolis. 
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PILOCERAS NEWTON-WINCHELLI, sp. nov....................... .................. 767 
Inner and profile views of the more complete specimen; showing the form of the 

shell, the direction of the septa and, in fig. 1, the large size of the sipho. x 1 1-6. 
A fragment showing a portion of the filling of the sipho with traces of two siphonal 

sheaths. Shakopee chert, Union township, Houston county, Minn. 

NANNO AULEMA, sp. nov................. ................. ....................... 770 
Lateral view of a sipho with the aperture completed, indicating its freedom 

from the septal funnels 
Longitlldinal section of a specimen broken at the top; shuwing the thickness of 

the pn'.septal cone, the convergent lines representing organic deposits. 
The most complete example observed; showing the form of the shell, the position 

of the sipho, three of the distal air-chambers and the relations of tt.e preseptal 
cone to the rest of the shell. 

Lateral and antisiphonal views of an average sipho, broken at the upper margin. 
Figs. 4-9 from the Trenton shales, Minneapolis, Minn. 

Lateral view of a sipho bearing traces of annulations produced by the septa. 
From the Galena formation, Ohatfield, Minn. 

A portion of a sipho above the preseptal cone, showing very strong annulations 
produced by the septal funnels, anel retaining a portion of the conch. Probably 
from near Oannon Falls, Minn. 

OYRTOCERINA (?) SCHOOLCRAFTI, sp. nov......................................... 774 
Lateral, septal anel ventral (anti-siphonal) views of the original specimen. x3. 

The su tures are shown on one side of the specimen, and in fig. 14 they have been 
somewhat conventionally exteneleel over the entire surface. Trenton shales 
near Cannon Falls, Minn. 

ACTINOCERAS BIGSBYI Stokes ............... __ . . . . . . .. . ........................... . 
View of the siphonal siele of an internal cast of fOllr air-chambers; showing the 

great size of the sipho and the filling of a portion of the endosiphon which is 
somewhat displaceel from its normal position. 

Outline of the e1istal septum of the same specimen. Trenton horizon, Minneapolis. 
Longitudinal section of a longer specimen, the upper part through the endo

siphon, anel showing the thicknesR of the siphonal wall; the lower part through 
the substance of the sipho. From the Trenton grollp near Rochester, Minn. 
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Fig. 18 ACTINOCERAS BELOITENSE Whitfield..... .... .. .. . ...... . . ..... .. ..... ............ 782 
A portion of an internal cast showing the filling of the endosiphon. In the Tren-

ton limestone at Janesville, Wisconsin. 

Fig. ]9 ORTHOCERAS compare AMPLICAMERATUM HalL................................... 790 

Figs. 20 and 21 
20 

21 

Figs. 22 and 23 
22 

23 

A fragment which retains traces of a fine longitudinal surface striation. 
Galena limestone, Preston, Minn. 

OHTHOCERAS nILINEATUM Hall ................................................. . 
The apical part of a shell which shows very distinctly the gradual development 

of the annulations. x2. 
A fragment of a small shell with the characteristic exterior. This specimen is 

not very well preserved and the apparen t absence of annulations on the upper 
part of the shell is essentially due to imperfect retention. x2. Trenton 
shales, Minneapolis. 

ORTHOCERAS ANELLUS Oonrad ....................................................• 
A portion of a small shell showing the characteristic annulation and surfil.Ce 

ornamen ta tion. 
Outline of the distal septum. Trenton shales, Minneapolis. 

786 

784 
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Fig. 

PLATE XLVIII. 

PAGE. 

I OAl\IEROCERAS PROTEI FORME HalL................................................ 777 
(See also plates XLIX, L, LI, LII.) 

An internal cast of a very long siphon, viewed from the siphonal side of the 
shell; showing the oblique marks of the Eeptal funnels and the outline of the 
continuous apical shp.ath. From the Trenton limestone, Wykoff, Minn. 

Fig. 

PLATE XLVIII. 

PAGE. 

1 OAlIIEROCERAS PROTEIFORME Hall................................................. 777 
(See also plates XLIX, L. LI, LU.) 

An internal cast of a very long siphon, viewed from the siphonal side of the 
shell; showing the oblique marks of the Eeptal funnels and the outline of the 
continuous apical shp.ath. From the Trenton limestone, Wykoff, Minn. 
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Fig. 

Fig. 

PLATE XLIX. 

PAGE. 

OAMEROCERAS, Sp . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .. ..........•.....•......•••••. 777 
A long cylindrical sipho, with very broad septal funnels; representing a distinct 

but otherwise unknown species. 
From the Trenton limestone, Oannon Falls, Minn. 
This specimen may be ad vantageously corupareCl with the figures of O?'thocem8 
simpsoni Billings, given by Whiteaves. (Orthoceratidao of the Trenton lime
stone of the Winnipeg basin; Trans. Roy. Soc. Oanada, vol. ix, sect. iv, p. 80, 
pJ. vii, figs. 2, 2(£, 3; pI. viii. fig. 1, 1891). 

2 OA~IEROCERAS PROTEIFORME HalL.... . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 777 
(See also plates LVIII, XL. XLI. XLII.) 

A portion of a large individual, showing the extent of the solid apical end of the 
sipho, and the abrupt increase in the depth of the air-chambers above the distal 
extremity of the body. Where the apic'tl sheath is broken, at the lower 
extremity of the specimen the cast of the internal cavity and the thickness of 
the sipho are exposed. Oannon Falls, Minn. 

Fig. 

Fig. 

PLATE XLIX. 

PAGE. 

OAMEROCERAS, Sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ..........•.....•......•.••.. 777 
A long cylindrical sipho, with very broad septal funnels; representing a distinct 

but otherwise unknown species. 
From the Trenton limestone, Oannon Falls, Minn. 
This specimen may be ad vantageously compared with the figures of O~·thoce~·as 
simpsoni Billings, given by Whiteaves. (Orthoceratidre of the Trenton lime
stone of the Winnipeg basin; Trans. Roy. Soc. Oanada, vol. ix, sect. iv, p. 80. 
pI. vii, figs. 2, 2ct, 3; pI. viii, fig. 1, 1891). 

2 GHIEROCERAS PROTEIFORME Hall..... .. .... .... ...... ...... .... .... .... ... ....... 777 
(See also plates LVIII, XL. XLI, XLII.) 

A porLion of a large individual, shOWing the extent of the solid apical end of the 
sipho, and the abrupt increase in the depth of the air-chambers above the distal 
extremity of the body. Where the apic'1l sheath is broken, at the lower 
extremity of the specimen the cast of the internal cavity and the thickness of 
the sipho are exposed. Oannon Falls, Minn. 
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PLATE L. 

PAGE. 
Figs. 1 and 2 CAlI1EROCERAS PRO'fEIFORME HalL.... .......... ............ ......... ............ 777 

Fig. 

(See also plates LVIII, LIX, LXI, LXII.) 

1 Cross-section of the continuous apical sheath (E) in the filling (el of which are 
three small orthoceran shells (X). Trenton limestone, Cannon Falls, Minn. 

2 Fragment of a large internal cast with the filling of the air-chambers embracing 
the cast of the continuous apical sheath. Cannon Falls, Minn. 

3 CAlIIEROCERAS, sp...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ....... _ .............. , . . 777 
Cast of a slender Colpoceras-like sipho, with broad septal funnels and a narrow 

acuminate extremity which may indicate the filling of the endosiphon. From 
the Trenton limestone, probably at Cannon Falls, Minn. 

PLATE L. 

PAGE. 
Figs. 1 and 2 CAlI1EROCERAS PROTEIFORME Hall. ............. , ..... ... . . .. .... . . . .. ............ 777 

Fig. 

(See also plates LVIII, LIX, LXI, LXII.) 

1 Cross-Eection of the continuous apical sheath (E) in the filling (e) of which are 
three small orthoceran shells (X). Trenton limestone, Cannon Falls, Minn. 

2 Fragment of a large internal cast with the filling of the air-chambers embracing 
the cast of the continuous apical sheath. Cannon Falls, Minn. 

3 CAMEROCERAS, sp...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .......................... 777 
Cast of a slender CoZpoceras-like sipho, with broad septal funnels and a narrow 

acuminate extremity which may indicate the filling of the endosiphon. From 
the Trenton limestone, probably at Cannon Falls, Minn. 

• 
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Figs. 1 to '3 

1 
2 

3 

Fig. 4 
4 

Figs. 5 to 7 
5 and 6 

7 

PLATE LI. 
PAGE. 

CAJlIEROCERAS PROTEIFORJIJE Hall................................................. 777 
(See also plates LVIII, LIX, LX, LXI, LXII.) 

The exterior of a sipho, showing the short septal funnels. 
The same specimen longitudinally sectioned and showing one, and traces of a 

second siphonal sheath. 
Portion of a larger siphon; bhowing more distinctly the septal funnels. Trenton 

limestone, Cannon Falls, Minn. 

CAJlIEROCERAS, sp?.... . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . 777 
A specimen whose specific relations are uncertain, having a narrow, cylindrical 

sipho and relatively short ~eptal funnels. Cannon Falls, Minn. 

CAlIIEROCERAS, sp........ .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 780 
Two views of a subtriangular sipho with broad septal funnels. Its specific rela

tions are not known. 
Outline section of the same. From the Trenton limestone, Zumbrota, Minn. 

Figs. I to 3 

1 
2 

3 

Fig. 4 
4 

Figs. 5 to 7 
5 and 6 

7 

PLATE LI. 
PAGE. 

OAlIIEROCERAS PROTEIFORlIIE Hall................................................. 777 
(See also plates LVIII, LIX, LX, LXI, LXII.) 

The exterior of a sipho, showing the short septal funnels. 
The same specimen longitudinally sectioned and showing one, and traces of a 

second siphonal sheath. 
Portion of a larger siphon; ~howing more distinctly the septal funnels. Trenton 

limestone, Oannon Falls, Minn. 

OAlIIEROCERAS, sp?................................................................ 777 
A specimen whose specific relations are uncertain, having a narrow, cylindrical 

sipho and relatively short i'eptal funnels. Oannon Falls, Minn. 

OAlIIEROCERAS, sp........ .... . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 780 
Two views of a subtriangular sipho with broad septal funnels. Its specific rela

tions are not known. 
Outline section of the same. From the Trenton limestone, Zumbrota, Minn. 
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Figs. 1 to 3 
1 and 2 

3 

PLATE LII. 
PAGE. 

OAMEROOERAS HENNEPIN I, sp. nov................................................. 779 
Two views in outline of a very large fragment. 
The form of the terminal septum, showing the size of the sipho. 

From the Galena limestone, near Spring Valley, Minn. 

Figs. 1 to 3 
1 and 2 

3 

PLATE LII. 

PAGE. 

CAMEROCERAS HENNEPINI, sp. nov................................................. 779 
Two views in outline of a very large fragment. 
The form of the terminal septum, showing the size of the sipho. 

From the Galena limestone, near Spring Valley, Minn. 
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Figs. 1 to 3 CAMEROCERAS HENNEPINI, sp. nov. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 779 

Fig. 

Fig. 

(See also plate LII.) 

1 Lungitudinal section of a small fragment through the sipho; showing a portion 
of the thick continuous wall of the tube and the annulations formed at the 
junction therewith of the septa. On one side the siphonal wall is but partially 
retained. 

2 and 3 Two views of the same specimen. 

4 OHTHOCERAS LESUEURI, sp. nov. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 779 
(See also plat.es XLVII and LY.) • 

A portion of a shell protruding from an internal cast of the Siphon of Came?'oceras 
pl·oteifonne. From the Trenton limestone a~ Cannon Falls, Minn. 

5 CAMEROCERAS PHOTEIFORI\IE Hail................................................ 777 
(See also plates XLYIII. XLIX, L. LI.) 

Longitudinal section of a siphonal cast enclosing two individuals of Orthocems 
or Clinoceras. Trenton limestone, Cannon Falls, Minn. 

PLATE LIlI. 

PAGE. 

Figs. 1 to 3 CAMEROCERAS HENNEPINI, sp. nov... . . . . ... . . . . . ... .. . . . . . . . .. . . . . .. .. .. . ... . . .... 779 

Fig. 

Fig. 

(See also plate LII.) 

1 Lungitudinal section of a small fragment through the sipho; showing a portion 

2 and 3 

of the thick continuous wall of the tube and the annulations formed at the 
junction therewith of the septa. On one side the siphonal wall is but partially 
retained. 

Two views of the same specimen. 

4 OHTHOCERAS LESUEURI, sp. nov. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 779 
(See also plat.es XLVII anc1 LV.) • 

A portion of a shell protruding from an internal cast of the siphon of CameToceTas 
pl'oteifonne. From the Trenton limestone a~ Cannon Falls, Minn. 

5 CAMEROCERAS PHOTEIFOHlIIE Hail................................................ 777 
(See also plates XLVIII, XLIX, L, LI.) 

Longitudinal section of a siphonal cast enclosing two individuals of OrthoclJms 
or Clinoceras. Trenton limestone, Cannon Falls, Minn. 
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PLATE LIV. 

PAGE. 
Figs. 1 to 3 ACTINOCERAS REMOTISEPTUM HalL.............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 782 

1 Outline of a large example. 
2 The form of the transverse section. 
3 The first two air-chambers, longitudinally sectioned; showing the bulbs of the 

Figs. 4 and 5 
4 

5 

sipho, their thickened walls and endosiphon with its ramifying branches. 
Xll-6. From the Trenton limestone at Cannon }i'alls, Minn. 

ORTHOCERAS PERROTI, sp. nov .................................... : .............. . 
A view of a silillified shell, showing the closely annulated exterior and the strong 

alternating vertical strhB. 
Transverse section at the terminal septum. 

785 

Figs. 6 and 7 ORTHOCERAS BILINEATUM Hall.. . . . . . . .. ......................................... 786 
(See also plate XLVII.) 

6 View of an internal cast showing the relations of annulations and septa. 
7 Another specimen illustrating the same features. 

From the Trenton shales at Minneap</lis. 

.,.,' 

Figs. 1 to 3 
1 
2 
:3 

Figs. 4 and 5 
4 

5 

Figs. 6 and 7 

6 
7 

PLATE LIV. 

PAGE. 
ACTINOCERAS REMOTISEPTUM Hall............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 782 

Outline of a large example. 
The form of the transverse section. 
The first two air-chambers, longitudinally sectioned; showing the bulbs of the 

sipho, their thickened walls and endosiphon with its ramifying branches. 
Xl 1-6. From the Trenton limestone at Oannon Falls, Minn. 

ORTHOCERAS PERRon, sp. nov .................................... :............... 785 
A view of a silic;ified shell, showing the closely annulated exterior and the strong 

alternating vertical striffi. 
Transverse section at the terminal septum. 

ORTHOCERA8 BILINEATUM HalL......... ......................................... 786 
(See also plate XLVII.) 

View of an internal cast showing the relations of annulations and septa. 
Another specimen illustrating the same features. 

From the Trenton shales at Minneapc;>lis. 
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Figs. 1 and 2 
1 

2 

Figs. 3 and 5 
3 
5 

Figs. 4 and 6 
4 

6 

Fig. 7 

PLATE LV. 
PAGE. 

ORTHOCERAS NICOLLETI, sp. nov. .... .... .. .... .. .......... .... ...... .... .... ...... 784 
View of the portion of the conch of the original specimen; showing the strong, 

distant annulations and the obliquity of the septa. x 11-6. 
Outline of a septum; showing the position of the sipho. 

From the Trenton limestone at Belle Oreek, Minn. 

ORTHOCERAS OLORUS Hall..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 788 
A portion of an internal cast referred to this species. 
Outline of septum, showing position of sipho. 

From the Trenton limestone, Minneapolis, Minn. 

ORTHOCERAS TENUISTRIATUM Hall................................................ 788 
A portion of a conch protruding from an internal cast of a Oameroce1'as-sipho, and 

retaining the surface ornament. x 11-6. 
An enlargement of the surface: showing the fine concentric lines crossed by longi

tudinal bands which appear to be traces of color-streaks. Oannon Falls, Minn. 

ORTHOCERAS SOCIALE Hall................................................ ....... 789 
An internal cast apparently entire at the aperture; showing the form of the shell, 

length of the body-chamber and the distances between the septa. 
From the Maquoketa or Hudson River shales at Graf, Iowa. 

Figs. 8 and 9 ORTHOCERAS LESUEURI, sp. nov ................................................ , 785 
(See also plate LUI.) 

8 An internal cast with \ ery regular annulations. Trenton limestone, Dixon, Ill. 
9 An internal cast having the annulatiom slightly undulating and the septa lying 

regularly in the intervening furrows. Trenton limestone, Oannon Falls, Minn. 

Fig. 10 ORTHOCERAS BELTRAMI, sp. nov................................................... 789 
The original specimen, natural size; showing the body-chamber and thirteen septa. 

Galena limestone, Wykoff, Mjnll. 

Figs. 1 and 2 
1 

2 

Figs. 3 and 5 
3 
5 

Figs. 4 and 6 
4 

6 

Fig. 7 

PLATE LV. 
PAGE. 

ORTHOCERAS NICOLLETI, sp. nov. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 784 
View of the portion of the conch of the original specimen; showing the strong, 

distant annulations and the obliquity of the septa. x 1 1-6. 
Outline of a septum; showing the position of the sipho. 

From the Trenton limestone at Belle Creek, Minn. 

ORTHOCERAS OLORUS Hall ............................................ , ..... , . . . . . . 788 
A portion of an internal east referred to this species. 
Outline of septum, showing position of sipho. 

From the Trenton limestone, Minneapolis, Minn. 

ORTHOCERAS TENUISTRIATUM Hall.. ............................................. , 788 
A portion of a conch protruding from an internal cast of a Oameroce1'as-sipho, and 

retaining the surface ornamen t, x 1 1-6. 
An enlargement of the surface: showing the fine concentric lines crossed by longi

tudinal bands which appear to be traces of color-streaks. Cannon Falls, Minn, 

ORTHOCERAS SOCIALE HalL ....... , .. ,.,.................................. ....... 789 
An internal cast apparently en tire at the aperture; showing the form of the shell, 

length of the body-chamber and the distances between the septa. 
From the Maquoketa or Hudson River shales at Graf, Iowa. 

Figs. 8 and 9 ORTHOCERAS LESUEURI, sp. nov.. .... ........ .... .... .. .... .. .... .... .. .... ..... 785 
(See also plate LIll.) 

8 An internal cast with ,ery regular annulations. Trenton limestone, Dixon, Ill. 
9 An internal cast having the annulation~ slightly undulating and the septa lying 

regularly in the intervening furrows. Trenton limestone, Cannon Falls, Minn. 

Fig. 10 ORTHOCERAS BELTRAMI, sp. nov................................................... 789 
The original specimen, natural size; showing the body-chamber and thirteen septa. 

Galena limestone, Wykoff, MinQ. -
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Figs. 1 and 2 TRIPTOCERAS LAMEI Whiteaves.. .... .... .... .... .. ........ .. ...... ............ .... 937 

Fig. 

Fig. 

1 View of a large specimen. 
2 One of the septa; showing the form of the shell in cross-section and the position 

of the sipho. From the Galena limestone, Stewartville, Minn. 

3 TRIPTOCERAS PLANOCONVEXUM Hall.............. . . . . . . .. . . . . . . . . . . . . . . . . .. .. . . .. 791 
(See also plate LVII.) 

View of an internal cast. 
Trenton limestone, Oannon Falls, Minn. 

4 TRIPTOCERAS PLANODORSATUM Whitfield ......................... . 
(See also plate LVII.) 

View of the fiatter side of an internal cast; showing the curvature of the septa. 
Trenton limestone, Minneapolis. 

792 

Figs. 5 to 7 TRIPTOCERAS OWENI, sp. nov..................................................... 792 
Three views of the typical specimen, showing the contour of its surfaces. 

Trenton limestone, Oannon Falls. 

PLATE LVI. 

PAGE. 

Figs. 1 and 2 TRIPTOCERAS LAMEI Whiteaves.. .... .... .... .... .. ........ .. ...... ................ 937 

Fig. 

Fig. 

1 View of a large specimen. 
2 One of the septa; showing the form of the shell in cross-section and the position 

of the sipho. From the Galena limestone, Stewartville, Minn. 

3 TRIPTOCERAS PLANOCONVEXUM Hall.............. . . . . . . .. . . . . . . . . . . . . . . . . .. .. . . .. 791 
(See also plate LVII.) 

View of an internal cast. 
Trenton limestone, Oannon Falls, Minn. 

4 TRIPTOCERAS PLANODORSATUM Whitfield ......................... . 
(See also plate LVII.) 

View of the fiatter side of an internal cast; showing the curvature of the septa. 
Trenton limestone, Minneapolis. 

792 

Figs. 5 to 7 TRIPTOCERAS OWENI, sp. nov..................................................... 792 
Three views of the typical specimen, showing the contour of its surfaces. 

Trenton limestone, Oannon Falls. 
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Fig. 

PLATE LVII. 

1 TRIPTOCERA8 PLANOCONVEXUM Hall ............................. . 
(See also pia te LVI.) 

A partial internal cast of a large shell. Galena limestone, Hader, Minn. 

PAGE. 
791 

Figs. 2 t,o 4 TRIPTOOERAS PLANODORSATUlII Whitfield......................................... 792 

Fig. 

Fig. 

Figs. 7 to 

Fig. 

(See also plate LVI.) 

Three views of an internal cast of the body·chamber. 
Trenton horizon, Minneapolis. 

5 GONIOCERAS ANCEPS Hall......................................................... 794 
A partial internal cast; showing the form and d~pth of the air-chambers, the size 

6 

10 
7 
8 
9 

10 

11 

of the sipho and the filling of the branches of its internal canal. Trent,on 
horizon, Minneapolis. 

GONIOCERAS OCCIDENTALE Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 795 
A weathered specimen, showing the double curvature of the septa, the size of the 

lateral flange and of the sipho. Trenton limestone, Dixon, Illinois. 

CLINOCERAS MUl}1lEFORME Whitfield..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~97 

An internal cast of the body-chamber. 
A nearly entire individual retaining the shell. 
An enlargement of its surface. From the Trenton horizon, locality uncertain. 
An internal cast of a portion of the conch; showing the depth of the air-

chambers, the position and form of the sipho. x 1 1-6. 

POTERIOOERAS APERTUM Whiteaves .. .......................................... 796 
A view of the best specimen observed, retaining most of the body-chamber and 

eleven air·chambers. Galena limestone, St. Paul, Minn. 

Fig, 

PLATE LVII. 

TRIPTOCERAB PLANOCONVEXUM Hall. ............................ . 
(See also plate LVI.) 

A partial internal cast of a large shell Galena limestone, Hader, Minn. 

PAGE. 
791 

Figs. 2 t,o 4 TRIPTOCERASPLANODORSATU:ilf Whitfield......................................... 792 

Fig. 

Fig. 

Figs. 7 to 

Fig. 

(See also plate LVI.) 

Three views of an internal cast of the body-chamber. 
Trenton horizon, Minneapolis. 

5 GONIOCERAS ANCEPS Hall ............... , ......•................... ,.............. 794 

6 

10 
7 
8 
9 

10 

11 

A partial internal cast; showing the form and ddpth of the air-chambers, the size 
of the sipho and the filling of the branches of its internal canal. Trent,on 
horizon, Minneapolis. 

GONIOCERAS OCCIDENTALE Hall .................... , . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . 795 
A weathered specimen, showing the double curvature of the septa, the size of the 

lateral flange and of the sipho. Trenton limestone, Dixon, Illinois. 

CLINOCERAS MUJ)lLEFORlIfE Whitfield.............................................. ~97 

An internal cast of the body-chamber. 
A nearly entire individual retaining the shell. 
An enlargement of its surface. From the Trenton horizon, locality uncertain. 
An internal cast of a portion of the conch; showing the depth of the air-

chambers, the position and form of tbe sipho. xl 1·6. 

POTERIOOERAS APERTUlIl Whiteaves ,. .......................................... 796 
A view of the best specimen observed, retaining most of the body-chamber and 

eleven air-chambers. Galena limestone, St. Paul, Minn. 
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Figs. 1 to 3a ONCOCERAS L YCUllI HalL............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. 799 
1, 2, 3 Views of the body-chamber and a few air-chambers; showing the form of the 

aperture and contraction of the conch. 
3ct Outline of the septa. From the Trenton limestone, Minneapolis. 

Figs. 4 to 6a ONCOCERAS PANDION Hall. ............................. ,.......................... 799 
4 Side view of an internal cast retaining the body· chamber and its apertural edge. 

5, 6 Ventral and lateral views, showing the course of the septa. 
6ct Outline of the septa, showing the ventral position of the sipho. Janesville, Wis. 

Figs. 7 to 9 ONCOCERAS CARVER I, sp. nov.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . ''/99 
Dorsal, lateral and ventral views of an internal cast; showing the lateral com

pression of the conch, the slight constriction of the body-chamber and the form 
of the aperture. Trenton limestone, Minneapolis, Minn. 

Figs. 10 and 11 ONCOCERAS EXIGUUM Billings..................................................... 798 
Two imperfect internal casts. From the Galena horizon at Fountain, Minn. 

Figs. 12 to 15a CYRTOCEUAS FEATHERSTONHAUGHI, sp. nov........................... .......... 807 
12, 13,14, 15 Lateral, dorsal and ventral views; showing the characters of the species. 

15a Outline of a septum; showing the ventral position of the sipho. Oannon Falls, 
Minnesota. 

Figs. 16 to 18b ONCOCERAS llIINNESOTENSE, sp. nov....................... ........ ............... 798 
16, 17, 18 Dorsal, ventral and lateral views of a specimen leading to the body-chamber; 

showing the longitudinal ridges of the surface. 
18a, 18b Outlines of septa, showing the ventral position of the sipho. From the Galena 

beds at Lime City. Minn. 
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Figs. 1 to 3a ONCOCERAS L YCUM HalL.......................................................... 799 
1, 2, 3 Views of the body-chamber and a few air-chambers; showing the form of the 

aperture and contraction of the conch. 
3ct Outline of the septa. From the Trenton limestone, Minneapolis. 

Figs. 4 to 6a ONCOCERAS PANDION Hall......................................................... 799 
4 Side view of an internal cast retaining the body· chamber and its apertural edge. 

5, 6 Ventral and lateral views, showing the course of the septa. 
6ct Outline of the septa, showing the ventral position of the sipho. Janesville, Wis. 

Figs. 7 to 9 ONCOCERAS CARVERI, sp. nov...................................................... '799 
Dorsal, lateral and ventral views of an internal cast; showing the lateral com

pression of the conch, the slight constriction of the body-chamber and the form 
of the aperture. Trenton limestone, Minneapolis, Minn. 

Figs. 10 and 11 ONCOCERAS EXIGUUM Billings..................................................... 798 
Two imperfect internal casts. From the Galena horizon at Fountain, Minn. 

Figs. 12 to 15a CYRTOCEHAS FEATHERSTONHAUGHI, sp. nov.............. ........ ..... .......... 807 
12, 13, ]4, ]5 Lateral, dorsal and ventral views; showing the characters of the species. 

I5a Outline of a septum; showing the ventral position of the sipho. Cannon Falls, 
Minnesota. 

Figs. 16 to 18& ONCOCERAS JlUNNESOTENSE, sp. nov....................... ....................... 798 
16, 17,18 Dorsal, ventral and lateral views of a specimen leading to the body-chamber; 

showi[)g the longitudinal ridges of the surface. 
ISa, I8b Outlines of septa, showing the ventral position of the sipho. From the Galena 

beds at Lime City. Minn. 
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Figs. 1 to 8 CYRTOCERAS lIIINNEAPOLIS, sp. nov .............................................. " 808 

I, 2, 3,4 Lateral, dorsal and ventral views of a small specimen retaining the shell and 
preserving the apertural margin. 

5,6 Ventral and lateral views of another small example with the aperture entire. 
7, 8 Lateral and ventral views of a larger specimen which is a partial internal cast; 

showing faint revolving bands interrupting the concentric strire, and the 
position of the siph( •. 

7a Outline of a septum. From the Trenton shales at Minneapolis. 

Figs. 9 to 11 CYRTOCERAS SCOFIELDI, sp. nov. .... .... .... .... .. .. .... ............ ...... .... .... 810 

Figs. 12 to 15 
12 

13, 14, 15 
14a 

Dorsal, ventral and lateral views of the typical specimen. From the Trenton. 
horizon at Janesville, Wisconsin. 

CYUTOCERAS HOUGHTONI, sp. nov .................................................. . 
Lateral view of an internal cast of large size. 
Lateral and ventral views of an average specimen. 
Outline of a septum, showing the position of tbe sipho and the great lateral 

compression of the conch. From the Trenton limestone, Cannon Falls, Minn. 

807 

Figs. 16, 16a CYRTOCERAS CORNICULUlIl HalL ................................... '" .... ........ 801l 
16 Side view of a specimen, showing t,he form and curvature. 
I6a Transverse section. Galena shales, Warsaw. 

FigEl. 17 to 20 
17, 18, 19 

17a 

20 

CYRTOCERAS NELEUS Hall ....................................................... . 
Lateral, dorsal and ventral views of a specimen having the body-chamber nearly 

entire, and showing the nearly gyroceran curvature, the closely set septa and 
the position of the sipho. 

Outline of a septum at the point of g-reateRt curvature of the conch. From the 
Galena limestone at Wykoff, Minn. 

Lateral view of a less complete specimen. In the Trenton at Beloit, Widconsin. 

804 
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Figs. 1 to 8 CYRTOCERAS :IIfINNEAPOLIS, sp. nov ............................................ ,... 808 

], 2, 3, 4 Lateral, dorsal and ventral views of a small specimen retaining the shell and 
preserving the apertural margin. 

5,6 Ventral and lateral views of another small example with the aperture entire. 
7,8 Lateral and ventral views of a larger specimen which is a partial internal cast; 

showing faint revolving Lands interrupting the concentric strire, and the 
position of the siphc,. 

7a Outline of a septum. From the Trenton shales at Minneapolis. 

Figs. 9 to 11 CYRTOCERAS SCOFIELDI, sp. nov. .... .... .... ..... .. .. .... ..... .. .... . ...... .... .... 810 

Figs.]2 to 15 
12 

13, 14, 15 
14a 

Dorsal, ventral and lateral views of the typical specimen. From the Trenton 
horizon at Janesville, Wisconsin. 

CYRTOCERAS HOUGHTONI, sp. nov ............ '" .... '" ............................ . 
Lateral view of an internal cast of large size. 
Lateral and ventral views of an average ~pecimen. 
Outline of a septum, showing the position of tbe sipho and the great lateral 

compreSSion of the conch. From the Trenton limestone, Cannon Falls, Minn. 

807 

Figs. 16, 16a CYRTOCERAS CORNICULUM Hall................................................... 80P 
16 Side view of a specimen, showing the form and curvature. 
16ct Tra.nsverse section. Galena shales, Warsaw. 

Fig8. 17 to 20 CYRTOCERAS NELEUS Hall ........................................................ 804 
17, 18, 19 Lateral, dorsal and ventral views of a specimen having the body-chamber nearly 

entire, and showing the nearly gyroceran curvature, the closely set septa and 
the position of the sipho. 

17a Outline of a septum at the point of !2'reatest curvature of the conch. From the 
Galena limestone at Wykoff, Minn. 

20 Lateral view of a less complete specimen. In the Trenton at Beloit, Wisconsin. 
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Figs. 1 to 4 CYR'l'OCERAS SHUMARDI, sp. nov ....................... ·· .... ···· ... ·.· ........... 810 
Dorsal, lateral, ventral and septal views of the typical specimen; showing its 

robust form, broad venter, outline and convexity of septum and position of 
sipho. Trenton limestone, Cannon Falls, Minn. 

Figs. 5 and 6 CYRTOCERAS CAMURUM Hall......... .. .. .. .. . . .. . .. .. . .. .. .. .... .. .. .. .. .. .. .. .. .. 805 
Lateral and ventral views of two fragments believed to belong together and 

drawn as one. The lower portion shows the position of the sipho.and the 
narrowing of the conch is due to compression. 

Figs. 7 to 9 CYRTOCERAS NORWOODI, sp. nov ............ " . . . . . . . .. . . . . . . . . . . . . . . . .. .. . . .. . . .... 809 
Lateral, ventral and dorsal views of a specimen showing the body-chamber, with 

a number of very narrow air-chambers, the fine undulation of the sutures, 
position of sipho, broad and obscure longitudinal bands and the almost impal
pable incurvature of ·the conch. In the Trenton limestone at] ~ockton, Minn. 

Fig. 10 CYRTOCERAS BILLINGSI Salter.. ..... .............................................. 806 
A portion of a shell showing the finely and sharply lineate exterior of the conch. 

Trenton limestone, near Cannon Falls, Minn. 

Figs. 11 and 12 CYRTOCERAS HALLIANUM D'Orbigny...... ........................................ 805 
Lateral views of a specimen, showing the_undulating la,mellre and some of the 

septa. From the Trenton limestone at Janesville, Wisconsin. 

Figs.13 to 15 ONCOCERAS DOUGLASSI, sp. nov.. ............................. .................... 801 
Lateral, ventral and dorsal views; showing the rapidly expanding conch and the 

contracted body-chamber. These figures are not wholly satisfactory, fig. 13 
being slightly oblique in position and not affording an exact profile; the lower 
septa in figs. 14 and 15 are too oblique. From the Galena beds at Holder, Minn. 
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Figs. 1 to 4 CYRTOCERAS SHUMARDI, sp. nov........................ .............. ........... 810 
Dorsal, lateral, ventral and septal views of the typical specimen; showing its 

robust form, broad venter, outline and convexity of septum and position of 
sipho. Trenton limestone, Cannon Falls, Minn. 

Figs. 5 and 6 CVRTOCERAS CAMURUM Hall......... . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . ... . . . . . . . . . . 805 
Lateral and ventral views of two fragments believed to belong together and 

drawn as one. The lower portion shows the position of the sipho and the 
narrowing of the conch is due to compression. 

Figs. 7 to 9 CYRTOCERAS NORWOODI, sp. nov ..... , ............................ , . .... .... .... .... 809 
Lateral, ventral and dorsal views of a specimen showing the body-chamber, with 

a number of very narrow air-chambers, the fine nndulation of the sutures, 
position of sipho, broad and obscure longitudinal bands and the almost impal
pable incurvature of the conch. In the Trenton limestone atj ~ockton, Minn. 

Fig. 10 CVRTOCERAS BILLINGSr Salter.. ..... .............................................. 806 
A portion of a shell showing the finely and sharply lineate exterior of the conch. 

Trenton limestone. near Cannon Falls, Minn. 

Figs. 11 and 12 CYRTOCERAS HALLIANUM D'Orbigny...... ........................................ 805 
Lateral views of a specimen, showing the _undulating lamellal and some of the 

septa. From the Trenton limestone at Janesville, Wisconsin. 

Figs.13 to 15 ONCOCERAS DOUGLASSI. sp. nov.. .................... ......... .................... 801 
Lateral, ventral and dorsal views; showing the rapidly expanding conch and the 

contra.cted body-chamber. These figures are not wholly satisfactory, fig. 13 
being slightly oblique in position and not affording an exact profile; the lower 
septa in figs. 14 and 15 are too oblique. From the Galena beds at Holder, Mioo. 
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