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INTRODUCTION. 

The Gastropoda are Mollusca with a more or less distinct head and a well 

developed tongue which as a rule is armed with a plate or band set with teeth. The 

body is nearly always more or less unsymmetrical, the mantle never divided 

into two lobes, and the shell, when one is present, is univalve, except in the chitons 

in which it consists of numerous pieces. The" foot" is generally well developed, 

broad and horizontally expanded, being used by the animal in creeping about; or it 

may be variously modified to adapt it for swimming or burrowing purposes. The 

eyes and organs of feeling and hearing are contained in the head, while the viscera 

(organs of alimentation, reproduction, etc.) are found in the posterior portion of 

the body. 

Three principal portions are distinguishable in the body,-head, foot and 

visceral sac,-the last of these being protected by a fold of the dorsal integument 

called the "mantle." Typically, the foot is in the form of a flattened muscular 

disk, developed upon the ventral side of the body, and not divided into distinct parts. 

In certain types, however, the Heteropoda especially, the foot exhibits a division into 

three portions,-an anterior, a middle and a posterior lobe,-and besides forms either 

a ventral fin, or a fin-like tail, by means of which the animal swims, the back down 

wards. 

The head IS usually very distinct and is generally provided with tentacles and 

eyes. Within the pharynx is found the singular dental apparatus known as the 
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"odontophol'e." The principal portion of this is a chitinous band called the 

" mdula " or "lingual ribbon." This is beset with minute, regularly arranged teeth, 

and, as it is supported on a cartilaginous cushion, which can be given a rotary 

motion by a speeial set of muscles, the ribbon is made to act as a file or saw. The 

arrangement of the teeth in the radula, taking the whole class into consideration, is 

subject to considerable variation; yet, within narrower limits, ~heir form and 

disposition are so constant that they afford one of the most reliable aids to classifi

cation. As a rule they are disposed in a medium series, 'flanked by two or more 

lateral rows. 

Two principal modes of respiration pertain to the Gastropoda, the first by means 

of gills variously constructed and adapted to breathe air dissolved in water, and the 

second by means of a pulmonary chamber which is adapted for aerial respiration. 

The alimentary canal, nervous and vascular systems, and some of the senses 

(seeing, feeling and hearing) are well developed. The sexes may be separate or 

united in one individual. Generally the young are developed in eggs laid in horny 

capsules or in the form of a string or band. With very few exceptions the young 

when first hatched are provided with a shell, which in some cases may subsequently 

entirely disappear through resorption. Very commonly the embryonic shell forms 

a nucleus at the apex of the fully-grown shell which is often very different from 

the following portions. 

Most of the Gastropoda are water animals and a large proportion of them are 

inhabitants of the sea. Only the Pulmonata and certain groups of the Prosobranchiata 

are terrestrial in habit or live in fresh waters. The pteropods and heteropods of the 

present day are oceanic in habit and are found swi~ming in the open sea, near the 

surface and far from land; but the majority of the marine prosobranchs and the 

opisthobranchs live in shallow seas, many of them between tide-marks. In depths 

exceeding five hundr~d fathoms the number of Gastropoda is greatly reduced; 

still a few forms are found to inhabit depths of two or three thousand fathoms, or 
even more. 

The shell, with which, for manifest reasons, the paleontologist is chiefly concerned, 

is a secretion of the mantl~. It is wanting in the adult stages of the nudibranchs, 

while in other cases, notably the slugs, it is very minute and hidden in the mantle. 

In its chemical composition carbonate of lime, either in the form of calcite or 

aragonite, constitutes 95 per cent. or more of the whole. The inner layer is often 

nacreous (Pleurotomariidce) , but as a rule the whole shell, aside from the horny 

epidermis, consists of an apparently homogeneous porcellaneous mass, which when 

carefully examined is seen to be made up of three layers composed of parallel 

lamellfe, those in the outer and inner layers baving tbe same direction, i. e. perpen-
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dicular to the surface and mostly at right angles to the external lines of growth. 

The lamellre of the inner layer, which is commonly the strongest of the three, are 

also perpendicular but their direction is opposite. Tertiary Gastropoda often retain 

the microscopic structure of the shell in a very satisfactory manner, but as a rule the 

minute details are obscure~ when not entirely obliterated, in fossil species. 

The/orm of the shell varies greatly, yet within the limits of genera and species 

it is remarkably constant. Three types are distinguished,-the tabular, of straight 

or only slightly curved form and occurring only among the 8crtphopoda and Ptero

poda; the symmetrical, in which the shell is either conical or patelliform (Archin((

cella) or involute (Bellerophon); and the spiral. 

The last is by far the most common type, and may in fact be looked upon as the 

typical form of the shell in the Gastropoda. In it the shell is essentially a spirally 

wound, elongated, conical tube, the coils or " whorls" being in most ca,ses in contact 

and tightly cemented or amalgamated where they join. Sometimes the whorls 

are coiled nearly in the same plane, when the shell is said to be "discoidal," as 

in many of the Euomphalidce. More generally, however, the whorls are wound 

about the axis in an oblique manner, a true spiral being formed, the shell becoming 

"turreted," "trochoid," "turbinated," etc. Occasionally the last whorl rises above 

the first or apical portion of the spire (Ophileta, Maclurea) , but usually the embry

onic shell or "nucleus" is at the top of a cone formed by the gradually enlarging 

and descending whorls, the mouth or "aperture" occurring at the extremity of the 

last and largest whorl, termed the "body-whorl." The whorls above the last 

constitute the" spire" of the shell. The line or groove marking the junction of the 

whorls ~s called the" suture." A shell is said to be "imperforate" when the axis 

or "columella" is sol!d (Fusispira), or it is "perforated" when the axis is hollow 

(Trochonema), the axial cavity itself being known ~ the" umbilicus." The" peris

tome" refers to the margin of the aperture; it is composed of an outer and an inner 

(or columellar) ~ip, of which the former is often expanded (Bucanospira, Salpingos

toma) or fringed with spines. The peristome may be continuous or ,e entire" or it 

may be interrupted or "incomplete," in the latter case the left side of the aperture 

being formed only by the body-whorl. Not infrequently the aperture is drawn out 

and notched below, or there may be two notches, the second being above near the 

suture. These serve to protect the respiratory siphons. The posterior (upper) notch 

is probably represented by the median slit and perforation in Scissurella and Ft'ssu

rella, and the same perhaps is true of the slit or notch in the outer lips of Belleroplton 

and Pleurotomaria. 

In most spiral shells the whorls normally are wound to the right, the aperture 

when in view being on the right hand. In others, as for instance the recent Physa 
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and the Lower Silurian Clisiospira, the volutions proceed in the opposite direction 

with such constancy as to be eminently characteristic. The apical part of the 

shell, which is directed backwards in all except some of the Patellidce, presents 

important characters, as it contains the nucleus, or part formed in the egg, and 

the primative whorls, which are often very different from the succeeding turns. 

Careful investigatiou of the apex is likely to throw very reliable light upon the 

evolution of the fossil types. 

In a large proportion of the Gastropoda the posterior portion of the foot secretes 

a calcareous, horny, or fibrous plate called the "operculum," which serves to 

close the aperture. Its inner surface is marked by a muscular scar whose lines 

bear no relation to its external lines of growth, nor is its form like the muscular 

scar in the shell. It begins its development in the embryo, the point from which 

it commences its growth being called the nucleus. Further growth may take place 

around the nucleus in a concentric or spiral m,anner, or the nucleus will be marginal 

the additions occurring on one side only. The spiral forms may make only one 

or two tnrns, or there may be as many as twenty. Opercula that were fit for 

preservation as fossils seem to be comparatively rare in Paleozoic rocks. When 

they are found it is nearly always as separate pieces so that it is in most cases 

very difficult to decide to which of the associated shells they really belong. Still, 

some of the early Paleozoic forms are interesting, being of unusual types, that 

of Maclurea el:lpecially being remarkable for the strong internal process to which 

the muscle was attached. 

Regarding the markings of the external surface of the shell, the "lines of 

growth," which are more or less fine lines or stronger plications running parallel 

with the edge of the apertural lips, are nearly always distinguishable. Their 

importance to the paleontologist, who only too often must be satisfied with imper

fect specimens, is obvious. Sculpture and color markings are longitudinal or 

vertical when they take the direction of the axis, and revolving when they follow 

the spiral. Of the more common varieties of SCUlpture we may mention the 

striate, in which the surface is covered with fine lines either longitudinal or revolv

ing; the carinate, when the revolving sculpture is prominent and sharp; the plicate 

referring to a vertically ribbed sculpture; the cancellate~ in which fine and straight 

vertical and revolving lines cross each other nearly at right angles; the reticulate, 

in which the decussating lines are not straight; the punctate, granulose, nodose and 

spl:nous, referring to conditions sufficiently expressed by the terms applied to them. 

Finally, as regards the application of measurements, the distance between the 

apex and basal extremity of a gastropod shell is termed the hight, while the 

width or diameter of a spiral shell is the distance through the body-whorl at its 
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periphery. Length should be applied. only to patelliform shells, in which it refers 

to' the distance from the anterior to the posterior margin. A w hod represents 

a single complete revolution of the spiral cone; its periphe1'Y is an imaginary spiral 

upon the outer wall corresponding with the line of greatest width. In counting the 

number of whorls we begin with the apertural margin from which to a point 

on the suture next above it constitutes one whorl. Repeating this process to the 

apex gives the total number. The apical angle, which is the angle formed by the 

diverging sides of the conical spire, is determined by means of a goniometer. 

CLASSIFICA TION. 

It is very difficult to decide which of the numerous systems of classification 

that have been proposed is the most convenient and at the same time the most 

natural. The old school of naturalists paid little attention to anything save the 

shell. Another and later school bases a classification almost solely upon the modi

fication of the lingual dental apparatus. As neither method has proved entirely 

satisfactory, the most recent authorities are seeking to frame a system that will 

combine the best features of previous classifications. But it cannot be denied 

that the system that will do full justice to the evolution of the class is still a 

thing of the future. Ontogeny and chronogenesis will have much to do with it, 

from which it is obvious that a large proportion of the work must fall to the 

paleontologist. 

The classification adopted by Zittel in his "Handbuch der Paheontologie," 

embraces all the Mollusca which are provided with a tongue in one class, the 

Glossophora. These are divided into four subclassee, the Scaphvpoda, Plllcopltora, 

Gastropoda, and Pteropoda. Nicholson retains the first two of these subclasses as 

distinct classes, and unites the last with the third. The Gastropoda he divides into 

two primary groups or subclasses, the Branchio.qastropoda and the Pulmogastropoda. 

The Branchiogastropoda again he divides into four orders, the Prosobranchiata, 

Opi$thobranchiata, Pteropoda and Heteropoda. Tryon, in his great work on "Structural 

and Systematic Conchology," arranges the same organisms as follows: class Ptero

poda,. class Gastropoda, suhclasses Prosobranchiata, Opisthobranchiata and Pulmon~fera; 

class Scaphopoda. Fischer's arrangement again is different: class Pteropoda; class 

(}astropoda,' subclass Univalvia, orders Pulmonata, Opisthobranchiata, Nucleobranchiata 

and Prosobranchiata,. subclass Multivalvia, order Polyplacophora. 

If we should accept any of the foregoing arrangements it would be Zittel's, but 

as his scheme is not as well balanced as it might be a few changes are suggested in 

the following brief characterization of the principal divisions. Perhaps a more 
-52 
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acceptable subdivision of the class would result if the various groups were reduced 

in rank, the subclasses to orders, the orders to suborders, and the suborders to 

superfamilies. The divisions a and b would in that case take the rank of subcJasses. 

Though inclined to favor such a proceeding, we refrained from carrying it out 

because it entailed more responsibility than we cared to assume at the present 

time. 

Class GASTROPODA, Cuvier. 

Division a. 

I. Subclass SCAPHOPODA, Bronn. 

Mollusks having neither eyes nor a distinct head, yet with the lingual armature. 

Sexes separate. Foot vermiform, lobate. Shell a hollow cylinder, open at both 

ends. Dentalium is the principal representative. 

II. Subclass POLYPLACOPHORA, Blainville. 

Symmetrical mollusks having a distinct head, but neither eyes nor tentacles. 

Foot broad. Shell consisting of eight moveable calcareous plates arranged in a 

row. This division includes the chitons. 

III. Subclass PTEROPODA, Cuvier. 

Head and organs of sense rudimentary. Foot modified into two lateral wing

like expansions used in swimming. Animal naked or protected by a shell. 

Order Thecosomata, Blainville; with mantle and external shell. 

Order Oymnosomata, Blainville; both shell and mantle wanting. 

I V. Su bclass DOCOGLOssA. (Provisional.) 

Approximately symmetrical gastropods, provided with dish-shaped or conical 

shells, or with spiral shells coiled in the s~me plane. A very primitive group of 

which the Patellacea and Bellerophontacea, comprised in the provisional order 

Proteobranchia, constitute the bulk, if not the whole. 

V. Subclass OPISTHOBRANCHIATA, M. Edwards. 

Branchiffi more or less free, behind the heart. Animals rather highly developed, 

naked or with a shell; the sexes united in the same individual. 

Order Nudibranchiata; without a shell. 

Order Tectibmnchiata; with a shell. 
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Division b. 

VI. Subclass PROSOBRANCHIATA, M. Edwards. 

Head and organs of sense well developed. Animals breathing by means of gills 

or branchim situated in front of the heart; mostly marine, and provided with a 

spiral shell, and generally an operculum. Sexes separate. This is the largest and 

most typical division of the class. 

Order Nucleobranchiata or Heteropoda; foot laterally compressed, with fin-like 

swimming lobes. Shell sometimes wanting; when present it is more or less symmet

rical, involute and very thin. 

Order Pectinibranckiataj branchim pectiniform, better and more constantly 

developed than in preceding order; shell spiral, not symmetrical. 

VII. Subclass PULMONATA, euvier. 

Animal breathing by means of a pulmonary chamber or lung instead of gills. 

Sexes united in the same individual. 

A classification of the Paleozoic genera of the Gastropoda and remarks on their 

geological distribution, especially of the Lower Silurian types, followed by a summary 

of the principal results of our work, will be found at the close of the chapter. 

Class GASTROPODA. 
Subclass DOCOG LOSSA. 

Order PROTEOBRANCH[A. 

Suborder PATELLACEA. 

Family PATELLIDAG. 

The Paleozoic shells which are usually placed in this family are an exceedingly 

difficult group. While we may be reasonably confident that the relations of some 

of them are not far from the recent genus Patella, there are many others that 

remind one quite as much of Lepeta and Acmcea. These difficulties are of course 

largely due'to the imperfect condition in which the shells are preserved. But, even 

when the muscular scars are retained, and this is all we can expect to learn of the 

internal and soft parts of the animals, it is not by any means easy to decide just 

what affinities they' indicate most, because these scars, like the whole form of the 

shells,are in a general way very similar among the twenty or more recent patelloid 

genera and subgenera. 
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When, however, we consider the great diversity of structure of the soft parts 

that can exist in shells looking so much alike, it surely seems highly improbable 

that any of the Paleozoic types could have continued on till the present time. 

without being materially modified structurally. And yet it is most difficult to 

sustain this supposition by a comparison with the fossils. While the latter, so far 

as known, can in no case be said to be strictly identical with any of the recent 

genera, the resemblance8 in several instances. are still very striking. Thus, while 

Tryblidittm differs from Nacella and the other Patellidce chiefly in having the mus

cular scars separate, the otherwise very similar proposed genus Archinacella 

approaches the recent forms even more closely in having the scars indistinguishably 

merged into a continuous narrow impression. Little is known of the muscular 

scars of Scenella and Helcionopsis, but comparing external characters they agree 

very well, the first with Acm(ea or Lepeta, and the second with Helcion. 

While we admit freely that it may not be possible to prove that the Paleozoic 

Patellidce are in all cases generically distind from Ii ving types of the family, we are . 
nevertheless funy convinced that such is the case. This conviction, as will be 

shown in the next paragraph, has something to support it besides the mere improba

bility of their identity. Obviously then we consider ourselves justified in proposing 

two new names and in retaining those which have already been proposed for those 

groups which it is convenient to distinguish. We were really forced to these views 

by the miserable failure of our efforts to distribute the Paleozoic species among the 

recent genera. After .repeated endeavors, the results being different every time, we 

gave it up as being, to say the least., impracticable. 

The distinctive evidence referred to in the preceding paragraph is shown in 

three specimens before us. It consists namely of a pair of rostral muscular imprints 

which seem not to belong to the usual ring of scars and which we do not find 
a.. 

Cl. 

c 

Fig. l.-a, dorsal view of a cast of the interior of Archinacella powersi U. & S., showing the rostral 
scars at A; I}, dorsal view of a partial cast of·the interior of Tl'yblidium unguis Lindstrom; c, apical portion 
of same in a direct view to show the rostral scars; d, dorsal view of a cast of Lepetopsis, sp. undet., from 
Kansas City, Mo ,showing muscular imprints very satisfactorily. 
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represented among recent forms. The first of theBe specimens (a of the accom

panying cut) belongs to our new genus Archinacella; the second (fig. 1 b and c) is of 

the type species of Tryblidium; while the third (fig. 1 d) appears to belong to an 

undescribed species of Lepetopsis. The first, then, is a Lower Silurian fossil, the 

second Upper Silurian, and the third Carboniferous. 

The recent Patellidm are distributed into generic groups according to the 

anatomical peculiarities of the animals, the characters of the shell being considered 

as of minor importance. Obviously such a rule cannot be applied to the fossil 

.representatives of the family, seeing that their shells only are preserved. But that 

should not prevent the paleontologist from attempting a classification of the 

numerous species that have been discovered in the rocks. The geologist requires 

some convenient means of discriminating between the groupB of species, and the 

systematist is in a great measure bound to respect this desire, especially if the 

convenience of an arrangement does not directly oppose what he conceives to be 

the natural affinities. 

In arranging the Paleozoic species we have made use of the muscular scars 

whenever these were available. But they are so seldom preserved that their use is 

necessarily very limited. In a large majority of the species the scars are entirely 

unknown, and even under the most favorable circumstances they are generally 

rather indefinitely outlined. We are, therefore, obliged to rely largely upon striking 

external features, of which the form and outline, the position of the apex and the 

character of the surface markings seem to be the most available. The groups may 

be characterized briefly as follows: 

TRYBLIDIUM, Lindstrom. Shell patelliform, obovate, narrowest anteriorly, 

forming a very low cone; apex anterior, nearly marginal. Mucular scars in seven 

or eight disconnected pairs, arranged in an oblong circle, the anterior pair drawn 

out and meeting in front beneath the beak. Surface usually marked by concentric 

lines of growth only; occasionally also by obscure broad radial plications. Type, 

T. unguis Lindbtrom. 
ARCHINACELLA, n. gen. Shell patelliform, ovate to subcircular, usually widest 

anteriorly, forming a low cone with the apex in front of the center and often sub

marginal. Muscular scars forming a continuous band. Surface markings concentric 

only: Type, A. powersi, n. sp. 
HELCIONOPSIS, n. gen. General form and position of apex as in Tryblidium, from 

which the species differ in having the surface marked hy fine radiating strice. 

Muscular scars unknown. Type, H. fissicostata, n. sp. 
PALlEACM.EA, Hall and Whitfield. Shell forming a low cone, the base rounded 

. or el~iptical, the apex subcentraL Surface thrown into broad, rather regular, 
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concentric folds, without radial lines. Muscular scars unknown. Type, P. typica . 

H.&W. 

SCENELLA, Billings. Shell conical, rather high, apex subcentral, surface with 

distinct radial lines or ribs crossed by fine lines of growth. Muscular scars large, 

situated above the mid-hight, forming a complete circle in which the impression of 

each muscle mayor may not be distinguishable. Type, S. reticulata Billings. 

LEPETOPSIS, Whitfield.* Shell patelliform, broadly oval, conical, low, with the 

apex subcentral. Muscular impression horseshoe-shaped, open in front, consisting 

of an irregular band. Surface with concentric lines of growth, occasionally perhaps. 

also with a few radial lines. Type, L. levettii White, St. Louis group. 

STENOTHECA, (Salter) Hicks. Shell small, high, the whole curved so that the 

apex generally projects beyond the basal margin. Surface usually with strong 

transverse (concentric) folds and fine radiating lines. Type, S. cornucopia Salter. 

Besides the above groups the Paleozoic strata doubtless contain others equally 

distinct that for want of material cannot now be characterized satisfactorily. The 

two Wisconsin Calciferous species which Whitfi~ld describes in "Geology of Wis

consin" (vol. iv), under the names Metoptoma recurva and retrorsa, are, as has already 

been suggested by Lindstrom and Koken, certainly not Metoptoma. Nor can. we 

consid~r them as being much nearer either Tryblidium or Archinacella. The peculiar 

retral bending of their apices is so unusual that it may well be considered as 
indicating a new generic type. 

Another peculiar type is shown in Metoptoma aZceste and M. orithyia, both 

described by Billings in "Palmozoic Fossils" (vol. i). the first from the Hudson River 

group of Anticosti and the other from the Calciferous of Canada East. These are 

relatively high conical shells, with a narrow vertical fold or blunt carina on one 

side running from the apex to the margin. The general form and the fold remind 

one of Hercynella, Kayser, founded upon Upper Silurian shells of Europe, and it is 

possible that they should be referred to that genus. Koken, however, refers Hercyn
ella to the Calyptrreidre near Capulus and Platyostoma, a position we can scarcely 
believe proper for the two species in question. 

Metoptoma angusta Billings, from the Quebec group, is another species of doubtful 

affinities. It is a large shell, with the apex "a little in advance of the middle, and 

apparently a little curved backwards," and "the anterior side flattened." The last 

feature suggests Metoptoma, but we doubt very much that it really belongs to that 

genus. M. anomala, of the same author and formation, cannot be a Metoptoma, but 

• Bull. Amer. Ilius. Nat. Rist., yol. i. no. 3. p. 67; 1882. All the known American Oarboniferous patelloid ~hells seem to 
belong to this genus. In Europe the genus is represented by MetrJptoma, Phillips, from which it. differs in its rounded outline 
and in wanting the truncation and flattening of the posterior side which chal'acterizes the species of PhHllps' genus. 
Although Met<lptonlCt hog been used very frequently by American authors, it is quite clear~ that nODe of the species described 
by them really pos~ess the essential features of that. genus. 
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we are completely In the dark as to its probable affinities. The other species 

. referred to this genus by Billings fall more or less naturally into one or the other of 

the generic groups above outlined and will be referred to in discussing the genera 

further on. 

We ought perhaps to have included the illy characterized genus Conchopeltis, 

Walcott, among the Paleozoic Patellidce, especially since the types of the second 

speCies described by the author of the genus came from the Lower Silurian of 

Minnesota. As neither is illustrated, we must rely upon Walcott's description of the 

genus. That gives us to understand that it is founded on conical patelliform 

univalves having the apex subcentral and the surface radially striated. So far as it 

goes it agrees with Scenella and that indeed is the position we itS sign to C. minneso

tensis Walcott. 

After considerable trouble Prof. N. H. Winchell succeeded in having drawings 

prepared of C. alternata, the first species described by Walcott, and the one therefore 

to be regarded as the type of the genus. As may be seen from the accompanying 

figures, the slopes in this species are divided into four, slightly convex, lobe-like 

Fig.2.-Conchopeltis a/ter/lata Walcott, Trenton limestone, Trenton Falls, N. Y. Two views pre
pared from the original types of the species (now preserved in the OamlJridge Museum) showing the four 
lobe-like divisions of the shell, its form and surface workings. 

parts by an equal number of narrow depressions radiating from the apex. So far as 

we are aware, none of the other described patelliform shells exhibit such a lobing 

of the shell, and we are therefore quite uncertain as to the affinities of the genus 

We should mention however that a similar peculiarity occurs in three new species , , 
of an undescribed genus of patelliform shells, two of them from the Cincinnati 

rocks, the other from the Devonian. In these there is a strong transverse division 

passing immediately above the beak and separating a lobe corresponding to the 

upper one in our figure of Conchopeltis, but the rest of the shell is not lobed. The 

outer layer of these shells is minutely and beautifully punctate. 
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Genus TRYBLIDIUM, Lindstrom. 

TrybliclilOn, LINDSTRCiM, ]880, ]'ragmenta Silurica, p. ]5; 1884, Silurian Gastropoda of Gotland,p. 52. 
Tl'yblidium (part.), WmTEAvEs, 1884, Paleozoic Fossils, vol. iii, p. 30. WHITFIELD, 1888, Bull. Amer. 

Mus. Nat. Rist., vol. i, p. 303. 
lIfetoptol1ut (part.) uf BILLINGS and other authors. 

For generic diagnosis see page 821. 

Our description of this genus does not agree in all respects with that given by 

Lindstrom. This is partly because we believe his to be incorrect in several partic

ulars, and partly because we have seen fit to leave out as unimportant one or two 

features, and to mention the style of surface markings. Of the three species 

described by Lindstrom in his last work (op. cit.), T. reticulatum, T. unguis and 

T. ? radiaturn, we would strike out the first and the last, while to the second we 

would assign the rank of type of the genus. This proceeding is not strictly in 

accordance with usage, since when, as in this case, no type is specified, it is custom

ary to regard as such the first species following the generic description. The rule 

is both a good and a necessary one, yet there are cases, and we believe this is one of 

them, where it is best not to follow it.. 

The species reticulaturn and ttnguis, of which we have through the kindness of 

Dr. Lindstr()m good examples before us, represents according to our views two 

generically distinct types, of which the first is limited to one or possibly two 

species,* while the second is recognized in numerous Lower and Upper Silurian 

species. Herein lies the reason for the course here pursued with respect to the type 

of the genus, for, should our view of the generic distinctions of the two species 

available as types prevail, the greater justice and credit would accrue to the learned 

author of the genus jf his name is adopted for the more abundant group of the two. 

A!; to the third species, T.? radiatU/n, we refer it with much confidence to our new 
genus Helcionopsis. 

T. unguts and all the other species which we leave under Tryblidiurn have a 

concentrically striated thin shell composed, as far as known, of thin glossy lamellre 

which are never porous. T. reticulaturn, on the contrary, has a thick shell, especially 

at the edges, the external layer is minutely porous, and the surface strongly marked 

by salient oblique concentric laminm, which in the anterior part cross each other, 

producing an "engine turning II style of network. Lindstrom is inclined to regard 

the porous character of the outer layer as produced by some parasitic organism. 

Such an explanation of the origin of the pores would no doubt be a good one if they 

occurred only occasionally, but considering the fact that they are always present in 

the Gotland specimens, and what is more, that they seem to be uniformly distributed 

over the whole exterior stratum, we may well question its sufficiency'. The view 

• ):,indstrOm mentioIlS a Lower Silurian species from Esthonia which he says is closely related to T. retwulatum •. 
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Genus TRYBLIDIUM, Lindstrom. 

Tryblicliwn, LINDSTRiiM, ]880, ]'ragmenta Silurica, p. ]5; 1884, Silurian Gastropoda of Gotland,p. 52. 
Trybliclium (part.), WmTEAvEs, 1884, Paleozoic Fossils, vol. iii, p. 30. WHITFIELD, 1888, Bull. Amer. 

Mus. Nat. Hist., vol. i, p, 303. 
JJietoptomct (part.) uf BILLINGS and other authors. 

For generic diagnosis see page 821. 

Our description of this genus does not agree in all respects with that given by 

Lindstrom. This is partly because we believe his to be incorrect in several partic

ulars, and partly because we have seen fit to leave out as unimportant one or two 

features, and to mention the style of surface markings. Of the three species 

described by Lindstrom in his last work (op. cit.), T. reticulatum, T. unguis and 

T. ? racliatum, we would strike out the first and the last, while to the second we 

would assign the rank of type of the genus. This proceeding is not strictly in 

accordance with usage, since when, as in this case, no type is specified, it is custom

ary to regard as such the first species following the generic description. The rule 

is both a good and a necessary one, yet there are cases, and we believe this is one of 

them, where it is best not to follow it.. 

The species reticulatum and unguis, of which we have through the kindness of 

Dr. Lindstr('>m good examples before us, represents according to our views two 

generically distinct types, of which the first is limited to one or possibly two 

species,* while the second is recognized in numerous Lower and Upper Silurian 

speCies. Herein lies the reason for the course here pursued with respect to the type 

of the genus, for, should our view of the generic distinctions of the two species 

available as types prevail, the greater justice and credit would accrue to the learned 

author of the genus if his name is adopted for the more abundant group of the two. 

As to the third species, T.? racliatum, we refer it with much confidence to our new 

genus Helcionopsis. 

T. unguis and all the other species which we leave under Tryblidium have a 

concentrically striated thin shell composed, as far as known, of thin glossy lamellffi 

which are never porous. T. reticulatum, on the contrary, has a thick shell, especially 

at the edges, the external layer is minutely porous, and the surface strongly marked 

by salient oblique concentric laminffi, which in the anterior part cross each other, 

producing an "engine turning" style of network. Lindstrom is inclined to regard 

the porous character of the outer layer as produced by some parasitic organism. 

Such an explanation of the origin of the pores would no doubt be a good one if they 

occurred only occasionally, but considering the fact that they are always present in 

the Gotland specimens, and what is more, that they seem to be uniformly distributed 

over the whole exterior stratum, we may well question its sufficiency'. The view 

• Lindstrum mentioos a Lower Silurian species from Esthonia which he says is closely related to T. reticulatum. 
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that these pores are really a normal feature of the external layer receives strong 

support from the fact that a porouf:> outer layer occurs also in other patelliform 

shells. We have, namely, specimens before us of two shells belonging to an unde

scribed genus in which the w hole external surface is beautifully punctate. One of 

these specimens is from the top of the Cincinnati group at Richmond, Indiana, the 

other from the middle Devonian at the falls of the Ohio. 

Prof. J. l!'. Whiteaves, paleontologist to the Geological Survey of Canada, was 

the first to recognize the application of Tryblidium to American fossils. In referring 

to Canadian patelliform shells (op. cit., p. 31), he subscribes to the suggestion of Mr. 

Dan (Amer. Journ. Conch., vol. vi, p. 281, 1881) that none of the nineteen species 

provisionally referred to Phillips' genus Metoptoma really belong to that gehus as 

now understood. Continuing he says that in his judgment ., Metoptoma quebecensis 

Billings, belongs to the genus Palceacmcea of Hall and Whitfield. M. niobe, M. nycteis, 

M. eubule, 111. erato and 111. hyrie Billings, are typical species of Tryblt'dium, Lindstrom." 

So far he expresses our views exactly, but when it comes to the new species, which 

he names T. canadense, we, as did also Lindstrom in his second work on the genus (p. 

54), note differences that necessitate its removal from Tryblidium. To us it is an 

undoubted member of our new genus Archinacella. 

In 1886 Prof. R. P. Whitfield (op. cit.) described two species, ovale and ovatu1n, 

which are unquestionably congeneric with T. unguis Lindstr(im. In his remarks on 

the species he points out some differences which exist between his species and the 

generic description given by Lindstrom, and suggests that some of the characters 

mentioned in the latter are only specific and not generic. This is true of the 

apert~re so far as its being straight or arched is concerned, but we cannot agree 

with him when he places in the genus species like his T. conicum, in which the apex 

is almost central. Such species should in most cases be regarded as belonging to 

Scenella or Palceacmcea. Further, he notes a difference in the number of the 

muscular scars, Lindstrom stating that the Gotland species have only six pairs, 

while his species have eight pairs. Again, he found that his species differed from 

Lindstrom)s generic diagnosis in having the muscular scars" continuous around and 

below the apex of the shell, in a deep and continuous line, from the elongated 

clavate scars on the sides of the beak or apex, as they are in Nacella," instead of 

"open or nearly so towards the outer end." 
A careful study of T. ungllis, which we owe to the kindness of Dr. Lindstrom 

himself, enables us to show that there is no essential difference between the muscular 

scars of this Gotland type of the genus and those shown to exist in the Fort 

Cassin beds species by Whitfield. The fact is that T. ungwis bas eight instead of 

six pa.irs of scarlS, and the narrow ends of the anterior pair, which is smaller than 
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that these pores are really a normal feature of the external layer receives strong 

support from the fact that a porous outer layer occurs also in other patelliform 

shells. We have, namely, specimens before us of two shells belonging to an unde

scribed genus in which the whole external surface is beautifully punctate. One of 

these specimens is from the top of the Cincinnati group at Hichmond, Indiana, the 

other from the middle Devonian at the falls of the Ohio. 

Prof. J. l!'. Whiteaves, paleontologist to the Geological Survey of Canada, was 

the first to recognize the application of Tryblidium to American fossils. In referring 

to Canadian patelliform shells (op. cit., p. 31), he subscribes to the suggestion of Mr. 

Dan (Amer. Journ. Conch., voL vi, p. 281, 1881) that none of the nineteen species 

provisionally referred to Phillips' genus Metoptoma really belong to that gehus as 

.now understood. Continuing he says that in his judgment "Metoptoma quebecensis 

Billings, belongs to the genus Pal(eacmcea of Hall and Whitfield. JJ1. niobe, M. nycteis, 

M. eubule, ]1. erato and lYI. hyrie Billings, are typical species of Trybl1'dium, Lindstrom." 

So far he expresses our views exactly, but when it comes to the new specieB, which 

he names T. canadense, we, as did also Lindstrom in his second work on the genus (p. 

54), note differences that necessitate its removal from Tl'yblidium. To UB it is an 

undoubted member of our new genuB Archinacella. 

In 1886 Prof. R. P. Whitfield (op. cit.) described two Bpecies, ovale and ovatwn, 

which are unquestionably congeneric with T. unguis Lindstrom. In his remarks on 

the species he points out some differences which exist between hiB species and the 

generic description given by Lindstrom, and suggests that some of the characters 

mentioned in the latter are only specific and not generic. This is true of the 

apert?re so far as its being straight or arched is concerned, but we cannot agree 

with him when he places in the genus species like his T, conicum, in which the apex 

is almost central. Such species should in most cases be regarded as belonging to 

Scenella or PalceacmaJa. Further, he notes a difference in the number of the 

muscular scars, Lindstrom stating that the Gotland species have only six pairs, 

while his species have eight pairs. Again, he found that his species differed from 

Lindstrom;s generic diagnosis in having the muscular scars" continuous around and 

below the apex of the shell, in a deep and continuous line, from the elongated 

clavate scars on the sides of the beak or apex, as they are in Nacella," instead of 

"open or nearly so towards the outer end." 
A careful study of T. ungl~is, which we owe to the kindness of Dr. Lindstrom 

himself, enables us to show that there is no essential difference between the muscular 

scars of this Gotland type of the genus and those shown to exist in the Fort 

Cassin beds !:Ipecies by Whitfield. The fact is that T. unguis has eight instead of 

six: pa..irs of scars, and the narrow ends of the anterior pair, which is smaller than 
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usual, curve around in front to meet beneath the apex. (See fig. Ie, p. 820.) 

Lindstrom probably overlooked these anterior pairs because he noticed a slightly 

elevated, transverse, medially disconnected band just in front of the sixth pair. But 

this band is really the posterior boundary of the scars of an umbonal pair* of 

muscles which we have shown to exist in a number, if not all, of the Paleozoic 

Patellidw. 

As already stated, we regard T. eonicun~ Whitfield, as a Seenella, while Metoptoma 

simplex Billings, which Whitfield places under Try b lidiU1n, and T. piliolum Whitfield 

probably belong to Archinacella. T.? acutum Whitfield, with its fiattened area-like 

slope beneath the projecting apex, seems to us to indicate an undescribed generic 

type. 

TRYBLIDIUM MODES TUM, n. sp. 

PLATE LXXXII. FIGS. 1 and 2. 

Shell small, somewhat acutely ovate in outline, the apex being pointed, scarcely' 

incurved and projectly slightly beyond the narrowly rounded anterior margin of 

the aperture; the latter is scarcely, if at all, arched. Surface not well preserved, 

apparently marked by faint lines of growth. Internal characters unknown. Length 

10.3 mm.; width 8.5 mm.; hight of apex about 2 mm.; greatest hight (near center of 

length) about 2.8 mm. 

This species is founded upon a single imperfect shell. As the muscular scars 

have not been observed the generic reference is perhaps a little doubtful. Still, the 

form of the shell is such that we are fairly confident that it will prove to be a true 

Tryblid£um. Of described species T. erato Billings sp., from the Black River lime

stone of Canada, appears to be the nearest. On comparison with the description of 

that species (it has not yet been figured) it is eyident that T. modestum is much 

smaller, relatively wider posteriorly and not so convex. The fact that the shell is 

narrower in front than behind will distinguish it at once from all the species of 

Archinacella. Otherwise it looks very much like A. patelliformis. It also resembles 

Stenotheea unguiformis, but is wider and the beak is not so prominent in front, while 

the surface markings are qUlte different. 

Formation ancl1ocall:ty.-Black River group, Otenodont"L bed, near Oannon Falls, Minnesota. 

Collection.-E O. Ulrich. 

Genus HELCIONOPSIS, n. gen. 

For generic description see page 821. 

Of this genus we have at present only three species, the two about to be described 

and an Upper Silurian one from Gotland, which Lindstrom placed doubtfully 

*Tbese umboua] scars are sbown in fig. 37, pI. I, of Lindstlom's "Gastropoda and Pteropoda ofGotl~nd." 
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usual, curve around in front to meet beneath the apex. (See fig. Ie, p. 820.) 

Lindstrom probably overlooked these anterior pairs because he noticed a slightly 

elevated, transverse, medially disconnected band just in front of the sixth pair. But 

this band is really the posterior boundary of the scarl:; of an umbonal pair* of 

muscles which we have shown to exist in a number, if not all, of the Paleozoic 

PatellidCl!. 

As already stated, we regard T. conicu1'n Whitfield, as a Seenella, while Metoptoma 

simplex Billings, which Whitfleld places under Try b lidium, and T. piliolum Whitfield 

probably belong to Archinacella. T. ? acutum Whitfield, with its flattened area-like 

slope beneath the projecting apex, seems to us to indicate an undescribed generic 

type. 

TRYBLIDIUM MODESTUM, n. sp. 

PLATE LXXXII. FIGS. 1 and 2. 

Shell small, somewhat acutely ovate in outline, the apex being pointed, scarcely 

incurved and projectly slightly beyond the narrowly rounded anterior margin of 

the aperture; the latter is scarcely, if at all, arched. Surface not well preserved, 

apparently marked by faint lines of growth. Internal characters unknown. Length 

10.3 mm.; width 8.5 mm.; hight of apex about 2 mm.; greatest hight (near center of 

length) about 2.8 mm. 

This species is founded upon a single imperfect shell. As the muscular scars 

have not been observed the generic reference is perhaps a little doubtful. Still, the 

form of the shell is such that we are fairly confident that it will prove to be a true 

Tryblidium. Of described speciel:; T. erato Billings sp., from the Black River lime

stone of Canada, appears to be the nearest. On comparison with the description of 

that species (it has not yet been figured) it is evident that T. modestum is much 

smaller, relatively wider posteriorly and not so convex. The fact that the shell is 

narrower in front than behind will distinguish it at once from all the species of 

Archinacella. Otherwise it looks very much like A. patelliformis. It also resembles 

Stenotheca unguiformis, but is wider and the beak is not so prominent in front, while 

the surface markings are qmte different. 

Formation ancllocal1:ty.-Black River group, Otenodont'L bed, near Oannon Falls, Minnesota. 

Collection.-E O. Ulrich. 

Gen us HELCIONOPSIS, n. gen. 

For generic description see page 821. 

Of this genus we have at present only three species, the two about to be described 

and an Upper Silurian one from Gotland, which Lindstrom placed doubtfully 

'Tbese umbonal scars are sbown in fig. 37, pl. T, of Lindstrum's "Gastropoda and Pteropoda ofGotl~nd." 
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in his genus Tryblidium with the specific name mdiatum. It is very closely related 

to our H. striata. Unfortunately we know very little of the muscular scars of these 

species, so that it is difficult to decide whether their affinities are nearer Tryblidium 

. or Archinacella. What is known of them agrees better, as does also the form of the 

shells, with species of the former genus, while they are distinguished from both by 

the distinct radial sculpture of their surfaces. The marginal position of the apex 

separates them from Scenella, Billings. Stenotheca, Salter, includes laterally 

compressed and much higher shells. 

The generic name is from the external resemblance which the species bear to 

the recent species of the genus ReZcion, Montfort. 

HELCIONOPSIS STRIATA, n. sp. (Ulrich.) 

PLATE LXI, FIGS. 29 ancl30. 

Shell rather strongly convex, acuminate-ovate in outline, broadly and regularly 

rounded behind, pointed in front where the apex projects slightly beyond the margin 

of the aperture; apex incurved. Surface marked by distinct, rounded, radiating 

lines, which in the outer- half maintain an approximately equal size through 

bifurcation; about ten lines in 5 mm.; whole surface with very fine concentric lines; 

at intervals of 1 to 3 mm. irregular wrinkles marking stages of growth. Length 

24.5 mm.; width about 19 mm.; greatest hight 9 mm.; hight of apex about 4.5 mm. 

This species is quite distinct from all American patelliform shells, but is closely 

related to the Upper Silurian R. mdiata Lindstrijm sp.* As figured that species is 

a little more convex, the anterior outline blunter and the apex more incurved. 

Formation and locality.-Rare in the upper beds of the Cincinnati formation, Marion county, 
Kentucky. Also, though of smaller size, in the Loraine group at Cincinnati, Ohio. 

Collection.-E. O. Ulrich 

HELCIONOPSIS SUBCARINATA, n. Sp. 

PLATE LXI, FIG. 28. 

Shell small, subovate in outline, the anterior and posterior margins subequal 

and sharply rounded in the middle. In the cast the apex is depressed, small and 

not quite marginal; an obtuse carination extends across the length of the shell. 

Surface of cast showing remains of very fine radiating lines, scarcely visible without 

a magnifier, and a few obscure lines of growth. Length 10 mm.; width 8 mm.; 

greatest hight 3.5 mm.; hight of apex 1.5 mm. 

We have only two specimem of this interesting species. Both are casts and 

show impressions of the rostral muscles. One exhibits besides a series of muscular 

scars similar to those of Tryblidium. The lines converging from them towards the 

* Silurian Gastropoda and Pteropoda of Gotland, p. 58; 1886. 
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in his genus Tryblidium with the specific name mdiatum. It is very closely related 

to our H. striata. Unfortunately we know very little of the muscular scars of these 

species, so that it is difficult to decide whether their affinities are nearer Tryblidiwn 

or Archinacella. What is known of them agrees better, as does also the form of the 

shells, with species of the former genus, while they are distinguished from both by 

the distinct radial sculpture of their surfaces. The marginal position of the apex 

separates them from Scenella, Billings. Stenotheca, Salter, includes laterally 

compressed and much higher shells. 

The generic name is from the external resemblance which the species bear to 

the recent species of the genus Helcion, Montfort. 

HELCIONOPSIS STRIATA, n. sp. (Ulrich.) 

PLATE LXI, FIGS. 29 anc130. 

Shell rather strongly convex, acuminate-ovate in outline, broadly and regularly 

rounded behind, pointed in front where the apex projects slightly beyond the margin 

of the aperture; apex incurved. Surface marked by distinct, rounded, radiating 

lines, which in the outer half maintain an approximately equal size through 

bifurcation; about ten lines in 5 mm.; whole surface with very fine concentric lines; 

at intervals of 1 to 3 mm. irregular wrinkles marking stages of growth. Length 

24.5 mm.; width about 19 mm.; greatest hight 9 mm.; hight of apex about 4.5 mm. 

This species is quite distinct from all American patelliform shells, but is closely 

related to the Upper Silurian H. mdiata Lindstrum sp.* As figured that species is 

a little more convex, the anterior outline blunter and the apex more incurved. 

Formation and locality.-Rare in the upper beds of the Cincinnati formation, Marion county, 
Kentucky. Also, though of smaller size, in the Loraine group at Cincinnati, Ohio. 

Collection.-E. O. Ulrich 

HELCIONOPSIS SUBCARINATA, n. Sp. 

PLA TE LXI, FIG. 28. 

Shell small, subovate in outline, the anterior and posterior margins subequal 

and sharply rounded in the middle. In the cast the apex is depressed, small and 

not quite marginal; an obtuse carination extends across the length of the shell. 

Surface of cast showing remains of very fine radiating lines, scarcely visible without 

a magnifier, and a few obscure lines of growth. Length 10 mm.; width 8 mm.; 

greatest hight 3.5 mm.; hight of apex 1.5 mm. 
We have only two specimen;; of this interesting species. Both are casts and 

show impressions of the rostral muscles. One exhibits besides a series of muscular 

scars similar to those of Tryblidium. The lines converging from them towards the 

* Silurian Gastropoda and Pteropoda of Gotland, p. 58; 1886. 
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apex are a peculiar feature, though probably of the nature of "progressive tracts." 

The obtuse angulation of the back of the shell distinguishes the species from 

all the Paleozoic forms of this family known to us. When not in a good state of 

preservation it might be confounded with Archinacella patelliformis Hall sp., but in 

that species the angulation of the back does not extend to the extremities of the 

shell, while the anterior end is wider, the apex higher and the surface without 

radial markings. 

Formation ami loculity.-Trenton group, Clitambonites bed, GOOdhue county, Minnesota. 

Uollection.-E. O. UlriCh. 

Genus ARCHINACELLA, n. gen. 

Metopto1na (part.), BILLINGS, 1865, Palooozoic Fossils, vol. i. WHITFIELD, 1878, Geol. Wis., vol. iv. 
TryblicLiu1Jl (part.), WHITEA VES, 1884, Palffiozoic Fossils, vol. iii, p. 31. WmTFIELD, 1886 and 1889, 

Bull. Amer. Mus. Nat. Rist., vols. i and ii. 

For generic diagnosis see page 821. * 
The shells which we propose to refer to this genus are decidedly like those of 

Tl'yblidiwn, especially so far as the position of the ape~ and the surface markings 

are concerned. Their internal markings, however, are readily distinguished, that 

genus having the muscular scars in eight detached pairs, while they form a 

continuous band in Archinacella. Unfortunately the muscular imprints are in most 

cases very faint, even on well preserved casts, so that we are generally obliged to 

rely upon another character in determining the generic position. Namely, in all 

the species of which the muscular scars are known to occur in detached pairs the 

anterior outline is acuminate, or at any rate more narrowly rounded than the 

posterior margin. On the other harrel. the anterior margin is as broadly rounded or 

wider than the posterior outline in all the forms of which it is known that their 

muscular scars are not detached. We have, therefore, considered it good practice 

to assume that when the anterior end is narrowly rounded the species is a Trybl1"dium 

and when this end is the wider the species belongs to Archinacella. 

There may be some doubt about the affinities of that group of shells in which 

the outline, as viewed from above, is almost circula! or regularily elliptical. In no 

case have we been able to make out the muscular scars, although we have studied 

some well preserved casts. Still, as the form of these shells agrees best with 

Al'chinacelta, and as we know nothing seriously opposing our view, we think it best 

to arrange them, at least provisionally, under this genus. Besides the species of 

* We omitted from tllU generic diagnosis one feature that ou~ht perhaps to have been included, namely, a pair of scars 
(, muscular) occur'ring one on each side of tbe apex. 'They lie on tbe outside of the usual muscular band and have been 
observed in two species. A. powersi and A. (Tr)Jblidi1lln) canadensis Whiteaves. The latter is a Guelph species and, as shown 
in WllitG<lvc;' ti;'lt'e3 (P"L [,'JS3., voL iii, pI. v),' has tbese scars more strongly impressed (in the cast) and further forward 
tb>tn they are in A. power,;' 
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apex are a peculiar feature, though probably of the nature of "progressive tracts." 

The obtuse angulation of the back of the shell distinguishes the species from 

all the Paleozoic forms of this family known to us. When not in a good state of 

preservation it might be confounded with Archinacella patelbjormis Hall sp., but in 

that species the angulation of the back does not extend to the extremities of the 

shell, while the anterior end is wider, the apex higher and the surface without 

radial markings. 

Formation ami locality. -Trenton group, Clitambonites bed, Gooclhue county, Minnesota. 

Uollection.-E. O. Ulrich. 

Genus ARCHINACELLA, n. gen. 

Metoptoma (part.), BILLINGS, 186b, Palreozoic Fossils, vol. i. WHITFIELD, 1878, Geol. Wis., vol. iv. 
TryblicUum (part.), WHITEA YES, 1884, Pal::eozoic Fossils, vol. iii, p. 31. WnrTFIELD, 1886 and 1889, 

Bull. Amer. Mus. Nat. Rist., vols. i and ii. 

For generic diagnosis see page 821. * 
The shells which we propose to refer to this genus are decidedly like those of 

Tryblidium, especially so far as the position of the ape~ and the surface markings 

are concerned. Their internal markings, however, are readily distinguished, that 

genus having the muscular scars in eight detached pairs, while they form a 

continuous band in Archinacella. Unfortunately the muscular imprints are in most 

cases very faint, even on well preserved casts, so that we are generally obliged to 

rely upon another character in determining the generic position. Namely, in all 

the species of which the muscular scars are known to occur in detached pairs the 

anterior outline is acuminate, or at any rate more narrowly rounded than the 

posterior margin. On the other band, the anterior margin is as broadly rounded or 

wider than the posterior outline in all the forms of which it is known that their 

muscular scars are not detached. We have, therefore, considered it good practice 

to assume that when the anterior end is narrowly rounded the species is a, Tryblidium 

and when this end is the wider the species belongs to Archinacella. 

There may be some doubt about the affinities of that group of shells in which 

the outline, as viewed from above, is almost circula~ or regularily elliptical. In no 

case have we been able to make out the muscular scars, although we have studied 

some well preserved casts. Still, as the form of these shells agrees best with 

Archinacella, and as we know nothing seriously opposing our view, we think it best 

to arrange them, at least provisionally, under this genus. Besides the species of 

• We omitted from the generic diagnosis one feature that ought perhaps to have been included, namely. a pair of scars 
(: muscular) occurring one on each side of the apex. 'They lie on the outside at the usual muscular band and have been 
observed in two species, A. powers; and A .. (Tr)jbL;ui1(llt) wnadensls Whiteaves. The latter is a Guelph species and, as shown 
in Wlllte'LVe;' fi;llre; (P;d. Poso., voL iii, pI. v), has these scars more strongly impressed (in the cast) and further forward 
than they are in ..1. powersi. 
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this type described in the following pages, we refer to Metoptoma instabilis Billings 

(Quebec group), M. simplex Billings (Calciferous group), M. trentonensis Billings 

(Trenton group) and M. estella Billings (Hud::;on River group). 

In addition to the species of which descriptions follow and those mentioned in 

the preceding paragraph, we regard T1"yblidium piliolwn Whitfield, T. canadense 

Whiteaves, Metoptmna phillipsi Walcott, and M. similis Whitfield, as belonging to 

this genus. 

ARCHINACELLA POWERSI, n. sp. 

PLATE LXI. FIGS. 3-5. 

Shell large for the genus, moderately convex, subova-te, widest in the anterior 

half; anterior outline semicircular, the posterior semielliptical; margins of aperture 

rather strongly arcuate; apex rather blunt, slightly incurved, the extreme point 

just over the margin aud at least two-thirds of the greatest hight of the shell above 

it. Surface with fine, distant, impressed lines of growth; near the margin the 

markings become somewhat lamellose. Length 29 mm.; width 25 mm.; greatest 

hight 10 mm.; hight of apex 6.5 mm. 

Impressions of the interior markings are excellently preserved on the cast 

figured on plate LXI. The loop of muscular scars forms one continuous narrow band 

curving distinctly down in front so as to pass beneath the apex. The po~terior 

third is somewhat wider and prolonged on the outer side into numerous irregular 

processes. Within the anterior end of the loop we see the pair of rostral scars, and 

just behind them a narrow pair lies close to the band. Finally, we observe faint 

impressions of a larger anterior pair without the band, which may be called antero-

'laterals. 

This fine species is readily distinguished from all described heretofore. Collec

tors seem to have confounded it with A. perovalis Whitfield sp., which occurs in the 

Same strata, but is smaller, decidedly narrower-in front especially-and has the 

apex not quite marginaL 

FfJrrnatwr]. and locality.-Stone's River group, Beloit, Wisconsin, where the types were collected by 
Mr. H. C. Powers, for whom the species is named. 

Ootlections.-University of Wisconsin; E. O. Ulrich. 

ARCHINACELLA CINGULATA, n. sp. (Ulrich.) 

PLATE LXI. FIGS. 1 and 2. 

Shell large, rather strongly convex, subovate in outline, very broadly rounded 

in front, more narrowly behind; hight, width and length reRpectively as 4.5 to 10 to 

12; margin of aperture horizontal; apex bluntly pointed, curved downward to about 

GASTROPODA. 829 
Archlnacella powersL] 

this type described in the following pages, we refer to MetoptoJna in8tabilis Billings 

(Quebec group), M. simplex Billings (Calciferous group), M. trentonensis Billings 

(Trenton group) and M. estella Billings (Hud::;on River group). 

In addition to the species of which descriptions follow and those mentioned in 

the preceding paragraph, we regard T1'yblidium piliolum Whitfield, T. canadense 

Whiteaves, Metoptoma phillipsi Walcott, and M. similis Whitfield, as belonging to 

this genus. 

ARCHINACELLA POWERiiI, n. sp. 

PLATE LXI. FIGS. 3-5. 

Shell large for the genus, moderately convex, subovate, widest in the anterior 

half; anterior outline semicircular, the posterior semielliptical; margins of aperture 

rather strongly arcuate; apex rather blunt, slightly incurved, the extreme point 

just over the margin and at least two-thirds of the greatest hight of the shell above 

it. Surface with fine, distant, impressed lines of growth; near the margin the 

markings become somewhat lamellose. Length 29 mm.; width 25 mm.; greatest 

hight 10 mm.; hight of apex 6.5 mm. 

Impressions of the interior markings are excellently preserved on the cast 

figured on plate LXI. The loop of muscular scars forms one continuous narrow band 

curving distinctly down in front so as to pass beneath the apex. The pOi"terior 

third is somewhat wider and prolonged on the outer side into numerous irregular 

processes. Within the anterior end of the loop we see the pair of rostral scars, and 

just behind them a narrow pair lies close to the band. Finally, we observe faint 

impressions of a larger anterior pair without the band, which may be called antero-

. laterals. 

This fine species is readily distinguished from all described heretofore. Collec

tors seem to have confounded it with A. perovalis Whitfield sp., which occurs in the 

same strata, but is smaller, decidedly narrower-in front especially-and has the 

apex not quite marginal. 

Formatio"f} and locality.-Stone's River group, Beloit, Wisconsin, where the types were collected by 
Mr. H. O. Powers, for whom the species is named. 

Collections.-University of Wisconsin; E. O. Ulrich. 

ARCHINACELLA CINGULATA, n. sp. (Ulrich.) 

PLATE LXI, FIGS. 1 and 2. 

Shell large, rather strongly convex, subovate in outline, very broadly rounded 

in front, more narrowly behind; hight, width and length respectively as 4.5 to 10 to 

12; margin of aperture horizontal; apex bluntly pointed, curved downward to about 
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half the hight of the shell, proj ecting distinctly beyond the margin. Surface with 

well marked sublamellose lines of growth, averaging in the outer half about 1 mm. 

apart. Length 32 mm.; width 26 mm.; greatest hight 11 mm.; hight of apex 5 mm. 

This species resembles A. pOUJersi, but may be distinguished at once by the 

contour of its aperture, the margins being strongly arched in that species while in 

this one they are horizontal. The surface markings are also stronger in A. cingulata, 

while the anterior outline is broader, the apex projects farther forward and the 

transverse section of the shell is more convex, especially in the post-central region. 

A. patelliform is Hall sp., and A. simulatrix, though much smaller, are probably more 

intimately related to A. cingulata than is A. pOUJersi. 

Formation ana localily.-TrentJon group, Amygdalocystites bed, Mercer county, Kentucky. 

Collection.-E. O. Ulrich. 

ARCHINACELLA DEPRESSA, n. sp. 

PLATE LXI, FIGS. 8 and 9. 

Shell of medium size, depressed-conical, the outline almost regularly oval, 

rather wide; the width and length about as seven is to eight; apex situated about 

one-seventh of the length from the anterior margin; the point, which is a little 

imperfect in the specimen, seems not to have been much elevated or incurved; 

apertural margin arched. Surface exhibiting a few obscure concentric lines. 

Muscular scars not observed. Length 20.5 mm.; width 18 mm.; greatest hight (at 

apex) about 5.2 mm. 

This shell agrees with A. pOUJersi in the arched apertural margin and broad 

form, but differs decidedly in having the apex situated some distance from the 

margin. As the convexity of the shell also is somewhat less, the profiles are' 

different. There is also a slight difference in the outline as seen from above. In all 

these features the species approaches A. perovalis Whitfield sp., but it is readily 

distinguished from that species by its greater width and lower form. 

Formation and locality.-Stone's River group, Vanuxemia bed, Minneapolis. 

Collection.-Geological and Natural History Survey of Minnesota. 

M1tSemn Register, No. 5523. 

ARCHINACELLA PEROVALIS Whitfield sp. 

PLATE LXXXII, FIGS. 3 and 4. 

1Jletoptonw peroval.is WHITFIELD, 1878, Ann. Rept. Geol. Surv. Wis., p. 74; 1882, Geol. Wis., vol. iv, p. 
211, pl. v, figs. 13 and 14 . 

. Metopto1Ha e:xplanata SARDESON, 1892, Bull. Minn. Acad. Nat. ScL, voLiii, p. 336. 

This species agrees very closely with A. depressa, the only difference of any 

consequence that we can now point out being the greater width of that shell. In 
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half the hight of the shell, projecting distinctly beyond the margin. Surface with 

well marked sublamellose lines of growth, averaging in the outer half about 1 mm. 

apart. Length 32 mm.; width 26 mm.; greatest hight 11 mm.; hight of apex 5 mm. 

This species resembles A. pOUJersi, but may be distinguished at once by the 

contour of its aperture, the margins being strongly arched in that species while in 

tbis one they are horizontal. The surface markings are also stronger in A. cingulata, 

while the anterior outline is broader, the apex projects farther forward and the 

transverse section of the shell is more convex, especially in the post-central region. 

A. patelliform is Hall sp., and A. simttlatrix, though much smaller, are probably more 

intimately related to A. cingulata than is A. pOUJersi. 

Formation (tna loca/ily.-TrentJon group, Amygdalocystites bed, Mercer county, Kentucky. 

Collection.-E. O. Ulrich. 

ARCHINACELLA DEPRESSA, n. sp. 

PLATE LXI, FIGS. 8 and 9. 

Shell of medium SIze, depressed-conical, the outline almost regularly oval, 

rather wide; the width and length about as seven is to eight; apex situated about 

one-seventh of the length from the anterior margin; the point, which is a little 

imperfect in the specimen, seems not to have been much elevated or incurved; 

apertural margin arched. Surface exhibiting a few obscure concentric lines. 

Muscular scars not observed. Length 20.5 mm.; width 18 mm.; greatest hight (at 

apex) about 5.2 mm. 

This shell agrees with A. powersi in the arched apertural margin and broad 

form, but differs decidedly in baving the apex situated some distance from the 

margin. As the convexity of the shell also is somewhat less, the profiles are' 

different. There is also a slight difference in the outline as seen from above. In all 

these features the species approaches A. perovalis Whitfield sp., but it is readily 

distinguished from that species by its grea.ter width and lower form. 

Formation ane! localify.-Stone's River group, Vanuxemia bed, Minneapolis. 

Collection.-Geological and Natural History Survey of Minnesota. 

M11semn Register, No. 5523. 

ARCHINACELLA PEROVALIS Whitfield sp. 

PLATE LXXXII, FIGS. 3 and 4. 

]{etoptonw pel'Ovctiis WHITFIELD, 1878, Ann. Rept. Geol. Surv. Wis., p. 74; 1882, Geol. Wis., vol. iv, p. 
211, pI. Y, figs. 13 and 14. 

]letopto1Ha explc/)wta SARDEBON, 1892, Bull. Minn. Acad. Nat. ScL, vol. iii, p. 336. 

This species agrees very closely with A. depressa, the only difference of any 

consequenee that we can now point out being the greater width of that shell. In 
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A. perovalis the width is to the length about as eleven is to fifteen, while in the 

other it is as seven is to eight. Specimens vary in length from 16 to 30 mm. The 

muscular scars, so far as they have been determined, agree very well with those of 

A. powersi. The apertural margin is slightly arched, and the surface appears to 
have been nearly smooth. 

Whitfield describes and fi,gures this speeies as being flattened and truncate in 

front, and the absence of anything of the kind in the Minnesota specimens led Mr. 

Sardeson into giving a new name to the latter. We also failed to notice such a· 
feature in any specimen, even those from Beloit, Wisconsin, the typical locality for 

the species, being without it, though agreeing in every other particular with 

Whitfield's figures. It seems, therefore, to us that the slight anterior truncation 

exhibited by the type specimen may be due to some abnormal cause. 

Formation and locality.-Stone's River group, Vanuxeraia bed, MinneapoliS, Minnesota, and Beloit, 
Wisconsin. 

AROHINAOELLA DELETA Sardeson Sp. 

PLATE LXI, FIGS. 16-20. 

Oari'YIw'opsis deleta SARDESON. 1892, BUll. Minn. Acad. Nat. ScL, vol. iii, p. 335. 

Shell small, obliquely subconical, rather convex, elliptical in outline, the width 

and length usually as three is to four; aperture nearly horizontal; embryonic shell 
very small, involute, forming about one volution, rarely preserved, the apex usually 

appearing as but little incurved; the apex situated constantly a short distance 

behind the anterior margin. Surface almost smooth, occasionally exhibiting a few 
lines of growth. Length 9.25 mm.; width 7.1 mm.; greatest hight 4.25 mm.; hight 

of apex about 3 mm. 
This species commonly grew upon the shells of other mollusks and it is often 

attached to them. We have before us several specimens that, having grown upon 

the concave inner sides of dead shells of Protowarthia pervoluta and Holopea obliqua, 

are now represented by a biconvex fossil reminding one greatly of casts of some 

disciuoid brachiopod. Two of these specimens are represented on plate LXI. 
This is the first of a group of species that seems to be related to A. (Carinarop

sis) patelliformis Hall (Pal. N. Y., vol. i, p. 183; 1847). One or the other of these 

forms occurs in, or in the equivalent of, everyone of the principal beds between 

the base of the Black River group and the top of the Cincinnati formation. None 

of the weste'rn and northwestern species however seem to be strictly identical with 

the New York types of patelliformis, all of them having a nearly smooth surface, 

while Hall's species according to his figures and descriptions has the surface marked 

GASTROPODA. 831 
Archinacella deleta.l 

A. perovalis the width is to the length about as eleven is to fifteen, while in the 

other it is as seven is to eight. Specimens vary in length from 16 to 30 mm. The 

muscular scars, so far as they have been determined, agree very well with those of 

A. powersi. The apertural margin is slightly arched, and the surface appears to 

have been nearly smooth. 

Whitfield describes and figures this species as being flattened and truncate in 

front, and the absence of anything of the kind in the Minnesota specimens led Mr. 

Sardeson into giving a new name to the latter. We also failed to notice such a 

feature in any specimen, even those from Beloit, Wisconsin, the typical locality for 

the species, being without it, though agreeing in every other particular with 

Whitfield's figures. It seems, therefore, to us that the slight anterior truncation 

exhibited by the type specimen may be due to some abnormal cause. 

Formation and locality.--Stone's River group, Vanuxeraia bed, Minneapolis, Minnesota, and Beloit, 
Wisconsin. 

ARCHINACELLA DELETA Sardeson sp. 

PLATE LXI, FIGS. 16-20. 

CaTinc£Topsis deleta SARDESON, 1892, Bull. Minn. Acad. Nat. Sci., vol. iii, p. 335. 

Shell small, obliquely subconical, rather convex, elliptical in outline, the width 

and length usually as three is to four; aperture nearly horizontal; embryonic shell 

very small, involute, forming about one volution, rarely preserved, the apex usually 

appearing as but little incurved; the apex situated constantly a short distance 

behind the anterior margin. Surface almost smooth, occasionally exhibiting a few 

lines of growth. Length 9.25 mm.; width 7.1 mm.; greatest hight 4.25 mm.; hight 

of apex about 3 mm. 
This species commonly grew upon the shells of other mollusks and it is often 

attached to them. We have before us several specimens that, having grown upon 

the concave inner sides of dead shells of Protowarthia pervoluta and Holopea obliqua, 

are now represented by a biconvex fossil reminding one greatly of casts of some 

discinoid brachiopod. Two of these specimens are represented on pla,te LXI. 

This is the first of a group of species that seems to be related to A. (Carinarop

sis) patelliformis Hall (Pal. N. Y., vol. i, p. 183; 1847). One or the other of these 

forms occurs in, or in the equivalent of, everyone of the principal beds between 

the base of the Black River group and the top of the Cincinnati formation. None 

of the weste'rn and northwestern species however seem to be strictly identical with 

the New York types of patelliformis, all of them having a nearly smooth surface, 

while Hall's species according to his figures and descriptions has the surface marked 
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by regular, concentric, sublamelliform striffi.* The present species differs further 

in wanting the obtuse carination of the dorsum and in having a smaller apex. 
Formation and locality.-Blaek River group, Rhinidietya and Ctenodonta beds, Minneapolis, St. Paul, 

Cannon Falls. Chatfield, and near Fuuntain, Minnesota. Of all the patelliform shells occurring in Minne
sota rocks this is the only one that is reasonably abundant. We have seen about twenty specimens. 

Collections.-Geological and Natural History Survey of Minnesota; Geological Department, University 
of Minnesota; W. H. Scofield; E. O. Ulrich. 

Museum Registe1', Nos. 4067 and 8723. 

ARCHINACELI,A VALIDA Sardeson sp. 

PLATE LXI. FIGS. 14 and 15. 

TryblirU1l1n vali(btm SARDESON, ]892, Bull. Minn. Acad. Nat. Sci., vol. iii, p. 337. 

Shell rather small, oblique-subconical, strongly convex, the dorsum narrowly 

rounded; outline elliptical, the width and length about as four is to five; aperture 

not arched; apex just within the anterior margin, laterally compressed, but little 

incurved in casts, the point about two-thirds of the hight of the shell above the 

edge of the aperture; beneath the apex the outline is deeply cut out in a side 

VIew. Surface markings consisting of rather obscure lines of growth. Length 

(small specimen) 16.5 mm.; width 13.4 mm.; hight nearly 7 mm. In another 

specimen, proportionally larger, the length reaches 20 mm. 

We believe the specimens here figured and described are specifically the same 

as the one which Mr. Sardeson recently proposed to call Tryblidium validum. A 

comparison of our figures with his, it is true, brings out some differences, the 

outline of the aperture in ours being more regularly elliptical and the profile in 

the side view less convex centrally. It would appear, however, that in Mr. Sarde

son's figure 2 the convexity is exaggerated, since in his description he gives the 

hight of the shell as equalling only half the width. And this is true of both the 

specimens -here referred to his species. In this same figure 2 he shows three 

detached muscle scars, of so large a size that the whole ring would be made up of 

only three or possibly four pairs! But this would be so much out of the regular 

order that we are fully convinced that they rest on faulty observation. So far as 

our specimens are concerned nothing of the kind is to be observed. On the contrary 

we notice faint indications of the Archinacella band, and hence refer the species to 
this genus. 

Specifically A. valida is nearer A. (Carinaropsis) patelliform is Hall, from the 

Trenton of New Y ork,than any other form known to us. The lateral profile especially 

is nearly or quite the same in the two species. The New York species, however, is 

smaller, has more distinct surface markings and is obtusely carinated on the back . 

• In cOlUparing tllis and oober speCies with A. patel1iformi8, we refer to tbe Trenton form only. and, as we have not seen 
the original types. we are obliged to depend solely on Hall's figures and description for our conception of their characters. 
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by regular, concentric, sublamelliform strim.* The present species differs further 

in wanting the obtuse carination of the dorsum and in having a smaller apex. 
Formation and ZocaZity.-Blaek River group, Rhinidietya and Ctenodonta beds, Minneapolis, St. Paul, 

Cannon Falls. Chatfield, amI near Fuuntain, Minnesota. Of all the patelliform shells oeeurring in Minne
sota rocks this is the only one that is reasonably abundant. We have seen about twenty speeimens. 

CoZlections.-Geological and Natural HistorySurvey of Minnesota; Geologieal Department, University 
of Minnesota; W. H. Scofield; E. O. Ulrich. 

Museum Registe1', Nos. 4067 anel 872:3. 

ARCHINAOELLA VALIDA Sal'deson sp. 

PLA l'E LXI, FIGS. 14 and 15. 

TryblirIiwn l'aZirIum SAIlDESON, ]892, Bull. Minn. Aead. Nat. Sci., vol. iii, p. 337. 

Shell rather sman, oblique-subconical, strongly convex, the dorsum narrowly 

rounded; outline elliptical, the width and length about as four is to five; aperture 

not arched; apex just within the anterior margin, laterally compressed, but little 

incurved in casts, the point about two-thirds of the hight of the shell above the 

edge of the aperture; beneath the apex the outline is deeply cut out in a side 

VIew. Surface markings consisting of rather obscure lines of growth. Length 

(small specimen) 16.5 mm.; width 13.4 mm.; hight nearly 7 mm. In another 

specimen, proportionally larger, the length reaches 20 mm. 

We believe the specimens here figured and described are specifically the same 

as the one which Mr. Sardeson recently proposed to call Tryblidium validum. A 

comparison of our figures with his, it is true, brings out some differences, the 

outline of the aperture in ours being more regularly elliptical and the profile in 

the side view less convex centrally. It would appear, however, that in Mr. Sarde

son's figure 2 the convexity is exaggerated, since in his description he gives the 

hight of the shell as equalling only half the width. And this is true of both the 

specimens -here referred to his species. In this same figure 2 he shows three 

detached muscle scars, of so large a size that the whole ring would be made up of 

only three or possibly four pairs! But this would be so much out of the regular 

order that we are fully convinced that they rest on faulty observation. So far as 

our specimens are concerned nothing of the kind is to be observed. On the contrary 

we notice faint indications of the Archinacella band, and hence refer the species to 
this genus. 

Specifically A. valida is nearer A. (Carinaropsis) patelliform is Hall, from the 

Trenton of New Y ork,than any other form known to us. The lateral profile especially 

is nearly or quite the same in the two species. The New York species, however, is 

smaller, has more distinct surface markings and is obtusely carinated on the back. 

• In cOlllparing this alld other species with A. jJatellijormis, we refer to the Treuton form only. and, as we have notseeu 
the original types. we are obliged to depend solely on Hall's figures and description for our conception of their characters. 
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Formation and locaZity.-- Trenton group, Clitumbunites bed, near Cannon Falls anel Kenyun, 
Minnesota. 

Oollections.-Geological and Natural History Survey of Minnesota; Geological Department, University 
of Minnesota; E. O. Ulrich. 

Museum Register, No. 7416. 

ARCHINACELLA SEMICARINATA, n. !:fp. 

PLATE LXI, FIGS. 12 ani! 13. 

Shell small, obliquely subconical, elliptical in outline; apex submarginal, small, 

scarcely in curved in the cast; dorsum obtusely carinate for a short distance from 

the apex, lateral slopes slightly flattened; hight of shell (the posterior part especially) 

less than usual, equalling about two-fifths of the width, the highest point just 

behind the apex. Surface nearly smooth. Length 12.5 mm.; width 10 mm.; hight 

4 mm. Five specimens. 

The dorsal angulation allies this species to A. patell~f()rmis Hall sp., but it does 

not extend backward so far, the apex is much smaller and less incllrved, and the 

whole shell more depressed than in that species. It is distinguished in a similar 

manner from A. valida. 

Formation arid locality.-Trenton group, ClitamlJonites and Fusipira beds, Goodhue county, 
Minnesota. 

Oollections.-E. O. Ulrich; W. H. Scofield. 

ARCHINACELLA SIMULATRIX, n. sp. 

PLATE LXI, FIGS. 10 ani! 11. 

Shell small, aperture horizontal, subovate, somewhat wider III front than 

behind; apex incurved, just above or projecting slightly beyond the anterior margin; 

back high, sharply rounded, the la~eral slopes flattened. Surface markings obscure, 

concentric. Two specimens, one from Minnesota, the other from Kentucky. The 

dimensions of the former are as follows: length 10.5 mm.; width 8.5 mm.; greatest 

hight 3.4 mm.; hight of apex 1.7 mm. In the other the same measurements give 

15, 12.5, 5.5 and 2.8 mm. 

l'his species is distinguished from A. deleta, A. valida, A. semicarinata and A. 

patell~f01'mis in having a less regularly elliptical outline, the anterior half being wider. 

In this particular it is like the much larger A.·cingulata. 

Formation and locality.-B1ack River group, PhyJloporina bed, St. Paul, Minnesota; Trentun group, 
Modiolodon bed, Frankfort, Kentucky. 

Oollection.-E. O. Ulrich. 
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Archinaoella semicarinata.] 

Formation and locality.-- Trenton group, ClitumlJunites bed, near Cannon Falls anel Kenyun, 
Minnesota. 

Oollections.-Geological and Natural History Survey of Minnesota; Geolugical Dcpartrm'nt, Un i versity 
of Minnesota; E. O. Ulrich. 

Museum Register, No. 7416. 

A RCHIN ACELLA SEMICARIN A TA, n. ::-:p. 

P LATE LXI, FIGS. 12 f~ni\ 13. 

Shell small, obliquely subconical, elliptical in outline; apex submarginal, small, 

scarcely in curved in the cast; dorsum obtusely carinate for a short distance from 

the apex, lateral slopes slightly flattened; hight of shell (the posterior part especially) 

less than usual, equalling about two-fifths of the width, the highest point just 

behind the apex. Surface nearly smooth. Length 12.5 mm.; width 10 mm.; hight 

4 mm. Five specimens. 

The dorsal angulation allies this species to A. patell~f()rmis Hall sp., but it does 

not extend backward so far, the apex is much smaller and less incllrved, and the 

whole shell more depressed than in that species. It is distinguished in a similar 

manner from A. valida. 

FOI'mation and locality.-Trenton gronp, ClitamlJonitcs and Fusipira beds, Goodhue county, 
Minnesota. 

Oollections.-E. O. Ulrich; W. H. Scofield. 

ARCHINACELLA SIMULATRIX, n. sp. 

PLATE LXI, FIGS. 10 and 11. 

Shell small, aperture horizontal, subovate, somewhat wider In front than 

behind; apex incurved, just above or projecting slightly beyond the anterior margin; 

back high, sharply rounded, the la~eral slopes flattened. Surface markings obscure, 

concentric. Two specimens, one from Minnesota, the other from Kentucky. The 

dimensions of the former are as follows: length 10.5 mm.; width 8.5 mm.; greatest 

bight 3.4 mm.; hight of apex 1.7 mm. In the other the same measurements give 

15, 12.5, 5.5 and 2.8 mm. 

1'his species is distinguished from A. deleta, A. valida, A. semicarinata and A. 

patell~f()rmis in having a less regularly elliptical outline, the anterior half being wider. 

In tbis particular it is like the much larger A.·cingulata. 

Formation and locality.-B1ack River group, Phylloporina bee!, St. Paul, Minnesota; Trentun group, 
Modiolodon bed, Frankfort, Kentucky. 

Oollection.-E. O. Ulrich. 
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ARCHINACELLA SUBROTUNDA, n. S'lJ. 

PLATE LXI, FIGS. 26 and 27. 

Shell rather small, strongly convex, broadly oval, or nearly circular, obliquely 

conical, with the apex obtusely pointed, not incurved, and situated close to the 

anterior edge; aperture slightly arched; beneath the apex, in a side view, the 

anterior outline is scarcely concave; backward from the apex the outline is gently 

convex, the highest point being about midway between the apex and the middle of 

the shell. Surface nearly smooth, exhibiting in the best specimens only three or 

four, distant, impressed concentric lines. Length 13 mm.; width 11.3 mm.; hight 

5.5 mm.; 'hight of apex 4.5 mm. 
This species is associated with A. deleta Sardeson sp., and A. instabilis val'. 

incurva. From the first it is easily distinguished by its rounded (much wider) form, 

while in the second the apex is dra.wn out into a small involute projection, giving it 

a very different outline in the side view. The species is related probably also to 

A. (Tryblidium) pileolum Whitfield, A. (Metoptoma) simplex Billings, and A. (Metop

toma) estella Billings, but we cannot consider it identical with any of them. , 

Formation and locality.-Black River group, Ctenodonta bed, Goodhue county, Minnesota. 

Collection.-E. O. Ulrich. 

ARCHINACELLA RICHMONDENSIS, n. sp. (Ulrich.) 

PLATE LXI, FIGS. 6 and 7. 

Compo Trybl-iditl1l! inclictnense MILLER, 1891, Adv. Sh. 17th Rep. Geol. Surv. Ind., p. 85. 

Shell above the medium size, subovate in outline, obliquely conical, with the 

apex obtusely pointed, not incurved, and situated about one-sixth of the length 

behind the anterior margin; in a side view the anterior slope is slightly concave, 

while the slope backward from the apex is correspondingly convex, with the highest 

point near the apex; aperture nearly or quite horizontal. Surface marked by 

rather distant concentric liner:!. Length 24 mm.; width 20 mm.; hight 6.5 mm. 

This species reminds one considerably of the geologically older A. depressa, but 

the arched aperture, lesser convexity and somewhat different outline of that species 

are sufficient proof of their distinction. It is probably more nearly related to A. 

subrotunda, but in this case we have obvious differences in outlines and in the 

position of the apex. We could come to no positive conclusion respecting Miller's 

Tryblidium indianense, but if his description is reliable it is certainly distinct. 

For~ation and locality.-Richmond group of the Cincinnati period, Richmond, Indiana. 

Oollection.-E. O. Ulrich. 
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ARCHINACELLA SUBROTUNDA, n. S1). 

PLATE LXI, FIGS. 26 and 27. 

Shell rather small, strongly convex, broadly oval, or nearly circular, obliquely 

conical, with the apex obtusely pointed, not incurved, and situated close to the 

anterior edge; aperture slightly arched; beneath the apex, in a side view, the 

anterior outline is scarcely concave; backward from the apex the outline is gently 

convex, the highest point being about midway between the apex and the middle of 

the shell. Surface nearly smooth, exhibiting in the best specimens only three or 

four, distant, impressed concentrie lines. Length]3 mm.; width 11.3 mm.; hight 

5.5 mm. ;hight of apex 4.5 mm. 
This species is associated with A. deleta Sardeson sp., and A. instabiUs var. 

incur-va. From the first it is easily distinguished by its rounded (much wider) form, 

while in the second the apex is dnLwn out into a small involute projection, giving it 

a very different outline in the side view. The species is related probably also to 

A. (Tryblidium) pileolum Whitfield, A. (Metoptoma) simplex Billings, and A. (Metop

toma) estella Billings, but we cannot consider it identical with any of them. , 

Formation and locali/y.-Black River group, Ctenodonta bed, Goodhue county, Minnesota. 

Collection.-E. O. Ulrich. 

A RCHIN ACELLA RICHMONDENSIS, n. sp. (Ulrich.) 

PLATE LXI, FIGS. 6 and 7. 

Compo T1'yblicliWi! i?lclianen:;e MILLER, 1891, Ad V. Sh. 17th Rep. Geol. Surv. Ind., p. 85. 

Shell above the medium size, subovate in outline, obliquely conical, with the 

apex obtusely pointed, not incurved, and situated about one-sixth of the length 

behind the anterior margin; in a side view the anterior slope is slightly concave, 

while the slope backward from the apex is correspondingly convex, with the highest 

point near the apex; aperture nearly or quite horizontal. Surface marked by 

rather distant concentric line;,,;. Length 24 mm.; width 20 mm.; hight 6.5 mm. 

This species reminds one considerably of the geologically older A. depressa, but 

the arched aperture, lesser convexity and somewhat different outline of that species 

are sufficient proof of their distinction. It is probably more nearly related to A. 

subrotunda, but in this case we have obvious differences in outlines and ill the 

position of the apex. We could come to no positive conclusion respecting Miller's 

Tryblidiurn indianense, but if his description is reliable it is certainly distinct. 

Forn:ation and locality.-Richmond group of the Cincinnati period, Richmond, Indiana. 

Collection.-E. O. Ulrich. 



GASTROPODA. 835 
Archlnacella rllgatina.l 

AROHINAOELLA RUGA TINA, n. Sp. (Ulrich.) 

PLATE LXXXII, FIGS. 5 and B. 

This species agrees closely with A. richmondensis Ulrich, but may be dis

tinguished by its more distinct and slightly incurved apex, somewhat arched 

aperture and stronger surface markings. The latter are coarsely lamelliform in the 

outer third. 

Formation and locality.-Richmond group or the Cincinnati period, Middletown, Ohio. 

Collection.-E. O. Ulrich. 

ARCHINAOELLA INSTABILIS Billings, val'. INOURVA, n. val'. 

PLATE r~xI, Ii'IGS. 2[-23. 

ltfetoptoma instcibilis BILLINGS, 1865, Pal. Fossils, vol. i, p. ~51. 

Original Description: "Shell small, depresed conical; apex acute, slightly 

incurved, situated over the anterior margin; aperture circular; surface finely striated 

parallel to the base. Width of an average specimen, 8 lines, height 4 lines." 

A single imperfect specimen, from the Black River group of Minnesota, agrees 

so well with Billings' description and figures of this species, that we hesitate to 

give it a distinct specific name. The specimen, it is true, is smaller than the N ew

foundland types and shows besides certain peculiarities that, if they could be proved 

to be constant, might justify a separation. The apex, for instance, is more in curved 

in the Minnesota specimen,-indeed it curves inward sufficiently to form a complete 

volution,-and the whole dorsal outline is more convex in a side view. Provisionally 

it may be designated as val'. incurva, and it should be added to the list of Black 

River species mentioned by Billings on page 372 of his Palmozoic Fossils, vol. i, that 

are represented by closely allied species in divisions I, Ie, L, and M of the Quebec 

group in Newfoundland. 

Formation and locality.-The types of the species are from division L, Quebec group, Table Head, 
Newfoundland. Var. inCUTva was collected by E. O. Ulrich near Cannon Falls, Minnesota, in the Cteno
donta bed of the Black River group. 

Collection.-E. O. Ulrich. 

ARCHINACELLA ROTUNDA, n. sp. 

PLATE LXI, FIGS. 24 and 25. 

Shell small, obliquely conical, moderately elevated, aperture circular, horizontal; 

apex situated almost directly over the anterior margin, apparently small, pointed 

and slightly incurved; in a side view the posterior part of the dorsal outline is very 

gently convex, but in nearing the apex the convexity becomes much stronger. 

GASTROPODA. 835 
Arcblnacella rllgatina.l 

ARCHINACELLA RUGATINA, n. Sp. (Ulrich.) 

PLATE LXXXII. FIGS. 5 and B. 

This species agrees closely with A. richmondensis Ulrich, but may be dis

tinguished by its more distinct and slightly incurved apex, somewhat arched 

aperture and stronger surface markings. The latter are coarsely lamelliform in the 

outer third. 

Formation and locality.-Richrnond group or the Cincinnati period, Middletown, Ohio. 

Collection.-E. O. Ulrich. 

ARCIIINACELLA INSTABILIS Billings, var. INCURVA, n. var. 

PLi\TE I~XI. U'IGS. 2[-23. 

]Ioletoptoma il1stabilis BILLINGS, 1865, Pal. Fossils, vol. i, p. :::51. 

Original Descr'iption: "Shell small, depresed conical; apex acute, slightly 

incurved, situated over the anterior margin; aperture circular; surface finely striated 

parallel to the base. Width of an average specimen, 8 lines, height 4 lines." 

A single imperfect specimen, from the Black River group of Minnesota, agrees 

so well with Billings' description and figures of this species, that we hesitate to 

give it a distinct specific name. The specimen, it is true, is smaller than the N ew

foundland types and shows besides certain peculiarities that, if they could be proved 

to be constant, might justify a separation. The apex, for instance, is more incurved 

in the Minnesota specimen,-indeed it curves inward sufficiently to form a complete 

volution,-and the whole dorsal outline is more convex in a side view. Provisionally 

it may be designated as var. incurva, and it should be added to the list of Black 

River species mentioned by Billings on page 372 of his Palffiozoic Fossils, vol. i, that 

are represented by closely allied species in divisions I, Ie, L, and M of the Quebec 

group in Newfoundland. 

Formation and locality.-The types of the species are from eli vision L, Quebec group, Table Head, 
Newfoundland. Var. incuTvfl was collected by E. O. Ulrich near Cannon Falls, Minnesota, in the Cteno
donta bed of the Black River group. 

Collection.-E. O. Ulrich. 

ARCIIINACELLA ROTUNDA, n. sp. 

PLi\TE LX[. FIGS. 2i and 25. 

Shell small, obliquely conical, moderately elevated, aperture circular, horizontal; 

apex situated almost directly over the anterior margin, apparently small, pointed 

and slightly incurved; in a side view the posterior part of the dorsal outline is very 

gently convex, but in nearing the apex the convexity becomes much stronger. 
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[Palooacmooa. 

Beneath the apex the outline is decidedly concave. Surface of cast smooth. Muscular 

imprint, distinct, linear, the posterior part of the loop bending forward a little in 

the middle. Diameter about 7.7 mm.; hight 4.5 mm. 

The specimen upon which this species is founded is important because it 

preserves the muscular imprint and shows that this agrees, in what we must 

for the present consider essential features, with the imprint found in the typical 

species of Archinacella. And it is upon the strength of this evidenc~ that we refer 

all the rounded Lower Silurian patelliform shells having the apex submarginal 

to this genus. 
Compared with related species, A.instabilis, A. simplex and A. estella of Billings 

are all higher. A. pileolum Whitfield sp. also is very similar, but as it belongs to a 

much lower horizon (Calciferous) it is fair to assume that it is distinct. 

Formatl:on and locality.-Oincinnati period, Utica horizon, near Graf, Iowa, where it was associated 
with Orthoceras sociale Hall. 

Collection.-E. O. Ulrich. 

Genus PAL}EACM}EA, Hall and Whitfield. 

Palreacllw?Ct HALL and WHITFlELD, 1:::\73, 23rcl Rep. N. Y. Mus. Nat. Hist., p. 242. LINDSTROM, 

1884, Gastropoda and Pteropoda of Gotland. p. 58. 

For generic characters see page 821. 

We propose to use this genus for all those lower Paleozoic patelliform shells 

having the apex sub central and the surface marked in a concentric manner only, 

In the typical forms, all of which are confined to the Potsdam and Calciferous 

formations, the markings consist of wide (2 mm. or more) concave undulations. 

This is true of P. typica H. and VV., from the Potsdam of New York, P. irvingi 

Whitfield, from the same formation in Wisconsin, and P. (Metoptoma) quebecensis 

and P. (Metoptoma) orphyne of Billings, from the Quebec group of Canada. In the 

lower Trenton species about to be described these undulations are an unsteady 

feature and scarcely distinguishable in casts, while in the Gotland species (Upper 

Silurian) they are represented by narrow ridges, separated by usually short fiat, 

rather than concave, interspaces on which very fine concentric lines are dis
tinguishable. 

Little or nothing is known of the muscular scars of all these species except the 

last, P. solarium Lindstrijm. In this a "wreat1;l. of muscular impressions, nearly 

coherent," occurs near the top of the conical cast. All that can be made out of the 

scars of P. humilis appears to agree with Lindstrom's observations on the Gotland 

species, and, as the former is featured just as we mi.ght expect an intermediate stage 

between P. sola rium and the Potsdam species to be, we may provisionally assume 

that the scars are essentially the same in the latter as well. 

836 THE PALEONTOLOGY OF MINNESOTA. 
lPalreacmrea. 

Beneath the apex the outline is decidedly concave. Surface of cast smooth. Muscular 

imprint, distinct, linear, the posterior part of the loop bending forward a little in 

the middle. Diameter about 7.7 mm.; hight 4.5 mm. 

The specimen upon which this f;pecies is founded is important because it 

preserves the muscular imprint and shows that this agrees, in what we must 

for the present consider essential features, with the imprint found in the typical 

species of Arcllinacella. And it is upon the strength of this evidenc~ that we refer 

all the rounded Lower Silurian patelliform shells having the apex submarginal 

to this genus. 

Compared with related species, A.instabilis, A. simplex and A. estella of Billings 

are all higher. A. pileolum Whitfield sp. also is very similar, but as it belongs to a 

much lower horizon (Calciferous) it is fair to assume that it is distinct. 

Formation and locality.-Oincinnati period, Utica horizon, near Graf, Iowa, where it was associated 
with Orthoceras sociale Hall. 

Collection.-E. O. Ulrich. 

Genus PALJ:;;ACi\.LiJ.i;A, Hall and Whitfield. 

Pal(l?((clllw(t HALL and WIlITF[ELD, 1~73, 23rd Rep. N. Y. Mus. Nat. Hist., p. 242. LINDSTROM, 

1884, G,lstropoda and Pteropoda of Gotland. p. 58. 

For generic characters see page 821. 

We propose to use this genus for all those lower Paleozoic patelliform shells 

ha.ving the apex subcentral and the surface marked in a concentric manner only. 

In the typical forms, all of which are confined to the Potsdam and Calciferous 

formations, the markings consist of wide (2 mm. or more) concave undulations. 

This is true of P. typic(( H. and VV., from the Potsdam of New York, P. irvingi 

Whitfield, from the same formation in Wisconsin, and P. (Metoptoma) quebecensis 

and P. (Mdoptoma) orphyne of Billings, from the Quebec group of Canada. In the 

lower Trenton species about to be described these undulations are an unsteady 

feature and scarcely distinguishable in casts, while in the Gotland species (Upper 

Silurian) they are represented by narrow ridges, separated by usually short fiat, 

rather than concave, interspaces on which very fine concentric lines are dis

tinguishable. 

Little or nothing is known of the muscular scars of all these species except the 

last, P. solarium Lindstr(jm. In this a "wreatl,l of muscular impressions, nearly 

coherent," occurs near the top of the conical cast. All that can be made out of the 

scars of P. humilis appears to agree with Lindstrom's observations on the Gotland 

species, and, as the former is featured just as we might expect an intermediate stage 

between P. solrlrium and the Potsdam species to be, we may provisionally assume 

that the scars are essentially the same in the latter as well. 



· Palreacmrna humills.] 
GASTROPODA. 837 

Lindstrom places this genus with l1ecturidce (Ac1}ucidce, Carpenter) and perhaps 

justly, but, as the family is not recognized by some conchologists and as it is highly 

probable that the Paleozoic patelloid shells are more intimately related among 

themselves than to recent types, it has seemed to us the wisest to emhrace them all 

provisionally in one broad family, the Patellid(l'. 

PALJEACMMA HUMILI8, n. 811. 

PLA'l'E LXI. PIUS. 45-48. 

Shell depressed conical, rather small, broadly subovate, the anterior part of the 

outline semicircular, the posterior slightly prolonged and more narrowly rounded 

centrally; apex pointed, not quite erect, leaning slightly forward and situated a short 

distance in front of the center. Surface marked with obscure, fine, concentric lines 

and usually with several strong wrinkles or undulations of growth. The latter are 

more or less variable and irregular, and in some cases may be wanting. On casts 

of the interior they are very faint or quite indistinguishable. Muscular scars not 

well preserved by any of the specimens seen, apparently detached and forming 

an oval band about the apical third of the cast. Length (small specimen) 12 mm.; 

width 10.7 mm.; hight 4.5 mm. In a larger specimen these dimensions are 

respectively 15.5, 14 and 5 mm. 

The absence of radial surface markings will distinguish this species from the 

following forms of Scenella, and the subcentral position of the apex renders equally 

good service in separating it from the preceding species of Archinacella. As to 

Pala;aema;a, it is certainly distinct from aU otherformsknown to belong to the genus. 

Formation and locality.-Stones River group, Vanuxemia beel, Minneapolis: Black River group 
Ctenodonta bed, at se,-erallocalities in Goodhue connty, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 5104. 

Genus SCENELLA, Billings. 

Scenella, BILLINGS, 1872, Can. Nat. and GeoL, vol. vi, p. 479; and Pill. Foss., ""I. ii, p. 77. 

For generic characters see page 822. 
This genus has never been properly defined and it is perhaps impossible to do so 

even to-day. Still, we are convinced that, with S. J'eticulata Billings as the type, it 

may be made to include an easily recognizable and thoroughly natural group of 

patelloid shells having relations to Pala?acma'ct Oll the Olle side and to Stellotlteca on 

the other. As understood by us the genus is characterized by the subcentl'al apex 

and the radial striffi. The latter vary in strength, being sometimes rather coarse, 

but in most cases very fine. When the radii are coarse (8. ra(Zialis) they show 

· Palreaomrna huroills.] 
GA3TROPODA. 837 

Lindstrom places this genus with Tecturidce (Ac11ueidu', Carpenter) and perhaps 

justly, but, as the family is not recognized by some conchologists and as it is highly 

probable that the Paleozoic patelloid shells are more intimately related among 

themselves than to recent types, it has seemed to us the wisest to embrace them all 

provisionally in one broad family, the Patellidw. 

PALJEACMlI~A nUMILI8, n. 8}}. 

PLATE LXI, PIUS. 45-4H. 

Shell depressed conical, rather small, broadly subovate, the anterior part of the 

outline semicircular, the posterior slightly prolonged and more narrowly rounded 

centrally; apex pointed, not quite erect, leaning slightly forward and situated a short 

distance in front of the center. Surface marked with obscure, fine, concentric, lines 

and usually with several strong wrinkles or undulations of growth. The latter are 

more or less variable and irregular, and in some cases may be wanting. On casts 

of the interior they are very faint or quite indistinguishable. Muscular scars not 

well preserved by any of the specimens seen, apparently detached and forming 

an oval band about the apical third of the cast. Length (small specimen) 12 mm.; 

width 10.7 mm.; hight 4.5 mm. In a larger specimen these dimensions are 

respectively 15.5, 14 and 5 mm. 

The absence of radial surface markings will distinguish this species from the 

following forms of Scenella, and the subcentral position of the apex renders equally 

good service in separating it from the preceding species of Archinacella. As to 

Palceacmcea, it is certainly distinct from all other forms known to belong to the genus. 

Formation and locality.-Stones River group, Vanuxemia bed, Minneapolis: Black River group 
Ctenodonta bed, at se\'erallocalities in Goodhue connty, Minnesota. 

Collections.-Geological ancl Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 5104. 

Genus SCENELLA, Billings. 

Scenella, BILLINGS, 1872, Can. Nut. and Qeol., vol. vi, p. 479; and Pill. Foss., 1'(11. ii, p. 77. 

For generic characters see page 822. 
This genus has never been properly defined and it is perhaps impossible to do so 

even to-day. Still, we are con vinced that, with S. reticulata Billings as the type, it 

may be made to include an easily recognizable and thoroughly natural group of 

patelloid shells having relations to Pala!acm(C(t on the one side and to Stenotlteca on 

the other. As understood by us the genus is characterized by the subcentral apex 

and the radial strim. The latter vary in strength, being sometimes rather coarse, 

but in most cases very fine. When the radii are coarse (8. ra(l!:alis) they show 
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lScenella 8uperba. 

through the shell so as to be visible on the outer half of casts of the interior, 

but usually the casts are smooth, or exhibit only a few obscure concentric wrinkles. 

The muscular scars of the typical species,-it is a Cambrian fossil,-are unknown, 

but in several Lower Silurian forms, which with our present light on th~ subject 

must be -regarded as congeneric, they are very much as in Palceacmcea. Though 

they have not been observed very clearly, it is almost certain that they are 

imperfectly coherent and form a sort of wreath about the apical portion of the cast. 

The number of the scars is not established. Whitfield says that there are eight pairs 

in his Tryblidium conicum, a species which we believe to belong to this genus a.nd very 

near S. (Metoptoma) montrealensis Billings. In our S. beloitensis the scars seem to 

have been divided into four sets of which the two in the posterior half appear to 

consist each of four almost completely coherent imprints. 

When the surface markings are not preserved species of Scenella are dis

tinguished from those of Palceacmcea by their higher conical form. In Stenotheea 

the shell is still higher and the apex curves far forward, projecting in most cases 

considerably beyond the anterior margin of the aperture. While these characters 

will suffice ordinarily in discriminating between the genera, there are still several 

forms of which it is difficult to decide whether they should be placed under Seen ella 

or Stenotheca or arranged by themselves. Metoptoma venilla Billings, Quebec group, 

and M. alta Whitfield, Calciferous group, are examples of these doubtful species. 

Seenella probably ranged through the greater part of the Paleozoic rocks, the 

oldest occurring in the Lower Cambrian, while the most recent known representative 

appears to be the Devonian species which Walcott has described from Nevada 

as l.letopto1na devonica. 

SCENELLA SUPERBA BWings. 

PLATE LXI. FIG. 35. 

Metoptoma sllperba BILLINGS, 1865, Pal. Foss., vol. i, p. 172. 
? Conchopeltis minnesolensis WALCOTT, 1876, 28th Rep. N. Y. Mus. Nat. Rist., p. 93. 

Shell large, subconical, the hight usually equalling somewhat more than half 

the diameter; aperture broadly ovate or circuiar, slightly arched in front and 

behind; apex subcentral or a little anterior, obtuse, inclining gently forward. Sur

face marked by radiating striffi, 1 mm. or less in width, and concentric lines and 

obscure wrinkles. In casts both sets of striffi are usually very obscure, while the 

radiating lines are seldom shown and then only for a short distance above the 

margin. Dimensions of an average example: length 64 mm.; width 58 mm.; hight 

32 mm. In the largest specimen seen the aperture is nearly circular and between 
S5 and 90 mm. in diameter, the hight about 45 mm. 

838 THE PALEONTOLOGY OF MINNESOTA. 
LScenella Buperba. 

through the shell so as to be visible on the outer half of casts of the interior, 

but usually the casts are smooth, or exhibit only a few obscure concentric wrinkles. 

The muscular scars of the typical species,-it is a Cambrian fossil,-are unknown, 

but in several Lower Silurian forms, which with our present light on th~ subject 

must be -regarded as congeneric, they are very much as in Pal(J3acm(J3a. Though 

they have not been observed very clearly, it is almost certain that they are 

imperfectly coherent and form a sort of wreath about the apical portion of the cast. 

The number of the scars is not established. Whitfield says that there are eight pairs 

in his Tryblidium conicum, a species which we believe to belong to this genus a.nd very 

near S. CMetoptoma) montrealensis Billings. In our S. beloitensis the scars seem to 

have been divided into four sets of which the two in the posterior half appear to 

consist each of four almost completely coherent imprints. 

When the surface markings are not preserved species of Scenella are dis

tinguished from those of Palceac1-n(J3a by their higher conical form. In Stenotheea 

the shell is still higher and the apex curves far forward, projecting in most cases 

considerably beyond the anterior margin of the aperture. While these characters 

will suffice ordinarily in discriminating between the genera, there are still several 

forms of which it is difficult to decide whether they should be placed under Seen ella 

or Stenotheca or arranged by themselves. Metoptoma venilla Billings, Quebec group, 

and M. alta Whitfield, Calciferous group, are examples of these doubtful species. 

Seenella probably ranged through the greater part of the Paleozoic rocks, the 

oldest occurring in the Lower Cambrian, while the most recent known representative 

appears to be the Devonian species which Walcott has described from Nevada 

as l.letoptoma devonica. 

SCENELLA SUPERBA BWings. 

PLATE LXI. FIG. 35. 

Metoptollw sllperlJa BILLINGS, 18G5, Pal. Foss., vol. i, p. 172. 
? Conc/wpeltis minnesolensis WALCOTT, 1876, 28th Rep. N. Y. Mus. Nat. Rist., p. 93. 

Shell large, subconical, the hight usually equalling somewhat more than half 

the diameter; aperture broadly ovate or circuiar, slightly arched in front and 

behind; apex subcentral or a little anterior, obtuse, inclining gently forward. Sur

face marked by radiating striffi, 1 mm. or less in width, and concentric lines and 

obscure wrinkles. In casts both sets of striffi are usually very obscure, while the 

radiating lines are seldom shown and then only for a short distance above the 

margin. Dimensions of an average example: length 64 mm.; width 58 mm.; hight 

32 mm. In the largest specimen seen the aperture is nearly circular and between 

85 and 90 mm. in diameter, the hight about 45 mm. 



Soenella magnifica.] 
GASTROPODA. 839 

We can scarcely doubt that the Minnesota specimens above described really 

belong to Billings' Metoptoma superba. They agree exactly with his figures and 

description except that we see nothing of the" obscure carination" which he says 

"runs from the apex to the margin on one side." Perhaps it is an abnormal feature. 

As to Conckopeltis minnesotensis, Walcott's description, in the absence of figures, is 

too indefinite for identification.* Still we do not think it likely that his types, 

which we sought to see but failed, are distinct from the specimens here referred to 

S. superba. Nor.do we believe that they are strictly congeneric with his G. rilterna

ta, the type of his proposed genus Conchopeltt:s. (See ante page 823.) 

Formation anel locality.-Stones River group, Cannon Falls, Minnesota. Walcott's locality for his 
C. minnesotensis is given as II four miles below Medford, Cannon River, Minn." DillingH' type is [['(jill the 
Black River limestone at Pauquettes rapids on the Ottawa ri vcr. 

Gollections.-Geological and Natural Hit,tory Survey of Minnesota; W H. Scofield; E O. Ulrich. 

Museum Register, Nos. 3394,7350 and 7490. 

SCENEI,LA MAGNIFICA, n. sp. 

PI,ATE LXXXII, FIGS. 7-9. 

Of this species we have only a single specimen which was found in association 

with the preceding species at Cannon Falls. It seems to have had surface markings 

like S. superba, and we believe it is closely related to that species. But the hight 

of the shell is so much greater that we cannot do otherwise than regard it as 

specifically distinct. Comparing other features we find that the aperture also is 

more arched and the whole shell more compressed laterally so that the outline 

from above is decidedly elliptical instead of subcircular. Length 76 mm.; width 

58 mm.; hight about 75 mm. The specimen is imperfect at the apex. 

Fm'mation and locality.-Stones River group, Vanuxemia bed, Cannon Falls, Minnesota. 

Uollection.-Geological and Natural History Survey of Minnesota. 

Museum Register, No. 3405. 

SCENELLA BELOITENSIS, n. sp. 

PLATE LXI, FIGS. 33 and 34. 

Shell exceeding medium size, obtusely conical, the hight less than one-half of the 

smallest diameter; apex subcentral; aperture nearly or quite horizontal, somewhat 

irregularly sub circular. Surface of cast showing fine ra,diating strire, about ten in 

5 mm., over the marginal portion. Muscular imprints occupying the greater part of 

the inner half, apparently divided into four sets, each consisting of three or four, 

scarcely distinguishable, coherent scars. Length 28 mm.; width 26 mm.; hight 

10.5 mm. 
*Walcott's description reads as follows: " Shell obtusely conical. base slightly elliptical; apes excf\otric, variable in 

different individuals; hight one-half the greatest diameter. Shallow undUlations of growth occur one-half the distance to 
the apex, finer lines near the margin. SUbstance of the shell not preserved." 

Scenella magnifica.] 
GASTROPODA. 839 

We Ca.ll scarcely doubt that the Minnesota specimens above described really 

belong to Billings' Metoptoma superba. They agree exactly with his figures and 

description except that we see nothing of the" obscure carination" which he says 

"rnns from the apex to the margin on one side." Perhaps it is an abnormal feature. 

As to Conchopeltis minnesotensis, Walcott's description, in the absence of figures, is 

too indefinite for identification.* Still we do not think it likely that his types, 

which we sought to see but failed, are distinct from the specimens here referred to 

S. superba. Nor.do we believe that they are strictly congeneric with his G. (lUerna

ta, the type of his proposed genus Conchopeltz:s. (See ante page 823.) 

Formation and locaWy.-Stones River group, Cannon Falls, Minnesota. Walcott's locality for his 
C. rninnesotensis is given as "four miles below Medford, Cannon River, Minn." Billings' type is [roll! the 
Black River limestone at Pauquettes rapids on the Ottawa ri vcr. 

Gollections.-Geological and Natural lii8tory Survey of Minnesota; W H. Scofield; E O. Ulrich. 

Museum Register, Nos. 3394,7350 and 7490. 

SCENELLA MAGNIFICA, n. sp. 

PI"ATE LXXXII, FIGS. 7-9. 

Of this species we have only a single specimen which was found in association 

with the preceding species at Cannon Falls. It seems to have had surface markings 

like S. superba, and we believe it is closely related to that species. But the hight 

of the shell is so much greater that we cannot do otherwise than regard it as 

specifically distinct. Comparing other features we find that the aperture also is 

more arched and the whole shell more compressed laterally so that the outline 

from above is decidedly elliptical instead of subcirculal'. Length 76 mm.; width 

58 mm.; hight about 75 mm. The specimen is imperfect at the apex. 

Fm'mation ancllocality.-Stones River group, Vanuxemia bed, Cannon Falls, Minnesota. 

Uollection.-Geological and Natural History Survey of Minnesota. 

Museum Register, No. 3405. 

SCENELLA BELOITENSIS, n. sp. 

PLATE LXI, FIGS. 33 and 34. 

Shell exceeding medium size, obtusely conical, the hight less than one-half of the 

smallest diameter; apex subcentral; aperture nearly or quite horizontal, somewhat 

irregularly sub circular. Surface of cast showing fine rC:Ldiating strim, about ten in 

5 mm., over the marginal portion. Muscular imprints occupying the greater part of 

the inner half, apparently divided into four sets, each consisting of three or four, 

scarcely distinguishable, coherent scars. Length 28 mm.; width 26 mm.; hight 

10.5 mm. 

*Walcott's description reads as follows: "Shell obtusely conical, base slightly elliptic"l; apex excp.otric, variable in 
different individuals; hight one-half the greatest diameter. Shallow undulations of growth OCCUl' one-half the c1ist"nce to 
the apex, finer lines near the margin. Substance of the shell not preserved." 



840 TRE PALEONTOLOGY OF MINNESOTA. 
lScenella compressa. 

This species resembles S. superba Billinga sp., but is readily distinguished by its 

more depressed form, horizontal aperture and finer surface markings. The muscular 

imprints also are much stronger than in that species. 

FOr/nation and locality.-Stones River group, Vanuxemia bed, Beloit, Wisconsin. 

Colleetion.-U ni versity of Wisconsin, No. 307. 

SCENELLA COMPRESS A, n. sp. 

PLATE LXI, FIGS. 38-41. 

Shell small, compressed conical, the hight exceeding the longest diameter of 

the aperture, while the shortest diameter is to the hight as three is to five, or as 

two is to three; apex E:.ubcentral, laterally compressed, inclining forward slightly; 

back and sides of shell obscurely flattened, anterior part sharply rounded; aperture 

subovate, narrower in front than behind. Surface with fine radial lines, three or 

four in 1 mm., and somewhat irregular transverse lines and wrinkles. The shell 

seems to have been rather thick and the surface markings are not visible on the 

cast. Length 13 mm.; width about 9.5 mm.; hight 14.5 mm. 

This peculiar species reminds one somewhat of the much larger S. magnifica, 

but we do not think its relations to that species are very intimate. Its affinities 

are probably nearer to S. montrealensis Billings sp., yet not enough so to render 

confusion between them at all likely. The narrowly rounded anterior slope and 

the flattening of the sides and dorsum are obvious peculiarities. 

Formation and locality.-Stones River group, Vanuxemia bed, Minneapolis, Minnesota. 

Olllect£on.-E. O. Ulrich. 

SCENELLA AFFINIS, n. sp. 

PLATE LXI, FIGS. 36 and 37. 

Camp. Melopt01ll(t montTeaZens'is BILLINGS, 186\ Pal. Foss., Yol. i, p. 394. 
Compo T,'yuli(Ziwn eolliclln! WIIITFIELD, 188G, Bull. No.8, Amer. Mus. Nat. Rist., p. 306. 

Shell small, conical, with the apex su bcentral and directed slightly forward, 

the anterior part compressed, especially for a short distance beneath the beak 

where it is almost angular; aperture somewhat irregular, subovate, narrowest in 

front; in a side view the anterior outline is slightly convex in the middle and 

correspondingly concave above to the apex; behind the latter the outline is gently 

convex to the margin. Surface exhibiting very fine, easily abraded, concentric and 

radiating strim, and some irregular wrinkles of growth. Length 10 mm.; width 
9 mm.; hight 7.5 mm. 

This form is probably a variety of S. compressa, 'distinguished by its lower and 

wider shell and finer surface markings. It seems also to be very closely related tQ 
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This species resembles S. superba Billinga sp., but is readily distinguished by its 

more depressed form, horizontal aperture and finer surfaee markings. The muscular 

imprints also are much stronger than in that species. 

Formation and locality.-Stones River group, Vanuxemia bed, Beloit, Wisconsin. 

Colleclion.-U oi versi ty of Wisconsin, No. 307. 

SCENELLA COMPRESSA, n. sp. 

PLATE LXI, FIGS. 38-41. 

Shell small, compressed conical, the hight exceeding the longest diameter of 

the aperture, while the shortest diameter is to the hight as three is to five, or as 

two is to three; apex f>ubcentral, laterally compressed, inclining forward slightly; 

back and sides of shell obscurely flattened, anterior part sharply rounded; aperture 

subovate, narrower in front than behind. Surface with fine radial lines, three or 

four in 1 mm., and somewhat irregular transverse lines and wrinkles. The shell 

seems to have been rather thick and the surface markings are not visible on the 

cast. Length 13 mm.; width about 9.5 mm.; hight 14.5 mm. 

This peculiar species reminds one somewhat of the much larger S. magnifica, 

but we do not think its relations to that species are very intimate. Its affinities 

are probably nearer to S. montrealensis Billings sp., yet not enough so to render 

confusion between them at all likely. The narrowly rounded anterior slope and 

the flattening of the sides and dorsum are obvious peculiarities. 

Formation and locality.-Stones River group, Vanuxemia bed, Minneapolis, Minnesota. 

Olliection.-E. O. Ulrich. 

SCENELLA AFFINIS, n. sp. 

PLATE LXI, FIGS. 36 and 37. 

Compo Melopto1na montTwlens'is BILLINGS, 186\ Pal. Foss., Yol. i, p. 394. 
Compo 1'1;/ulitZium conicllm WIIITFIELD, 188G, Bull. No.8, Amer. Mus. Nat. Hist., p. 306. 

Shell small, conical, with the apex subcentral and directed slightly forward, 

the anterior part compressed, especially for a short distance beneath the beak 

where it is almost angular; aperture somewhat irregular, subovate, narrowest in 

front; in a side view the anterior outline is slightly convex in the middle and 

correspondingly concave above to the apex; behind the latter the outline is gently 

convex to the margin. Surface exhibiting very fine, easily abraded, concentric and 

radiating strim, and some irregular wrinkles of growth. Length 10 mm.; width 
9 mm.; hight 7.5 mm. 

This form is probably a variety of S. compressa, 'distinguished by its lower and 

wider shell and finer surface markings. It seems also to be very closely related tQ 



GASTROPODA. 841 
Soanella. obtusa..] 

Metoptoma montrealensis Billings, and Tryblidium conicum Whitfield, but neither of 

these species has the anterior slope sharply rounded as in S. affinis and S. compressa. 

Whitfield's species, which we regard as a true Scenella, seems to be more closely 

related to S. superba and S. beloitensis than to S. mont1"uliensis. The latter, judging 

solely from Billings' figures and description (op. cit.), appears to differ from all the 

species ment,ioned in having a more attenuate apex and the whole anterior outline 

concave in a side view. 

Besides the typical specimens of S. a.tfinis we have before us six others from 

the geologically higher Clitambonites and Fusispira beds. In these the anterior 

vertical ridge is less developed and the outline of the aperture more regularly 

elliptical. The shell also seems to have been thinner and smoother externally. If 

a subordinate name is desired for this later form of the species it might be called 

var. obsoleta. 

Formation and locality.-Black River J;{roup, Ctenodonta bed, and Trenton group, Clitambonites 
bed, Goodhue county, Minnesota; Fusispira bed, Kenyon and Wykoff, Minnesota. 

Collertions.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. ScofieJd. 

Museum Register, No. 7487. 

SCENELLA OBTUSA S({rdesolZ. 

PLA TE LXXXII. FIG. 10. 

Conchopeltis obtusa SAIWESON, 1892, Bull. ~1inn. Acad. Nat. ScL, vol. iii, p. 3i!6. 

Having seen no specimens which we could refer to this species, we reproduce 

the original figure and description without expressing any positive opinion as to its 

validity. So far as Mr. Sardeson's figure of the specimen upon which he founds the 

species permits of judgment, it seems to us to be a Scenella in which the apex is 

farther removed"from the center and the apical angle wider than usual. 

Original description: "Shell large, patell iform, or subconical, apex excentric, 

apical angle 110 degrees. Aperture subcircular, about three times as wide as the 

shell is high. Cast marked by four or five concentric furrows and by numerous 

elevated radiating lines, from 15 to 20 in one centimeter." 

Formation and locality.-Black River group, Rhinidictya heel, Minneapolis, Minnesota. 

SCENELLA RADIALIS, n. sp. 

PLA'I'E LXI, FIGS. a1 and 32. 

Shell large, 'depre33ed conical, hight slightly greater than one-third of the 

diameter; apex subcentral, obtuse; aperture almost circular, the margin apparently 

a little irregular though nearly horizontal. Surface with distinct line3 radiating 

from the apex, five or ~ix in 5 mm. These show through the outer parts of the 
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Metoptoma montrealensis Billings, and 7'ryMidium conicU1n Whitfield, but neither of 

these species has the anterior slope sharply rounded as in S. affinis and S. compressa. 

Whitfield's species, which we regard as a true Scenellrl, seems to be more closely 

related to S. superba \Lnd S. beloitensis than to S. monb'ealensis. The latter, judging 

solely from Billings' figures and description (op. cit.), appears to differ from all the 

species mentioned in having a more attenuate apex and the whole anterior outline 

concave in a side view. 

Besides the typical specimens of S. a.tfinis we have before us six others from 

the geologically higher Clitambonites and Fusispira bed~. In these the <1nterior 

vertical ridge is less developed and the outline of the aperture more regularly 

elliptical. The shell also seems to have been thinner and smoother externally. If 

a subordinate name is desired for this later form of the species it might be called 

var. obsoleta. 

Formation and locality.-Black River g-roup, Ctenodonta bed, and Trenton group, Clitambonites 
bed, Goodhue county, Minnesota: Fusispira !Jed, Kenyon and WykotI, Minnesota. 

Collertiolls.-Geolog-ical and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 7487. 

SCENE LLA OBTUSA SII rdesoll. 

PLATE LXXXII, FIG. 10. 

Conchopeltis obtusa SARDESON, 18lJ2, Bull. "'Iinn. Acad. Nat. ScL, vol. iii, p. 336. 

Having seen no specimens which we could refer to this species, we reproduce 

the original figure and description without expressing any positive opinion as to its 

validity. So far as Mr. Sardeson's figure of the specimen upon which he founds the 

species permits of judgment, it seems to us to be a Scenella in which the apex is 

farther removed'from the center and the apical angle wider than usual. 

Original description: "Shell large, patelliform, or subcouical, apex excentric, 

apical angle 110 degrees. Aperture subcircular, about three times as wide as the 

shell is high. Cast marked by four or five concentric furrows and by numerous 

elevated radiating lines, from 15 to 20 in one centimeter." 

Formation and localitJl.-Black River group, Rhinidictya hod, Minneapolis, Minnesota. 

SCENELLA RADIALIS, n. sp. 

PLATE LXI, FIGS. 31 and 32. 

Shell large,depressed conical, hight slightly greater than one-third of the 

diameter; apex subcentral, obtuse; aperture almost circular, the margin apparently 

a little irregular though nearly horizontal. Surface with distinct lines radi:1ting 

from the apex, five or ~ix in 5 mm. These show through the outer parts of the 
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[Stenotheca exserta. 

shell and produce corresponding lines on the cast. Diameter about 55 mm.; hight 

about 21 mm. 
This species is not nearly as high as S. superba and 8. magnifica, while it differs 

from S. beloitensis in having coaraer radii, and from S. obtusa in the more central 

position of the apex. 

Formation and locality.-Trenton group, Clitambonites bbd, St. Paul, Minnesota. 

Golleetjon.-Geological and Natural History Survey of Minnesota. 

Museum Registe1', No. 5535. 

Genus STENOTHECA, Salter. 

Stenothec(t, (SALTER) HICKS. 1872, Quart. Jour. Geol. Soc., vol. xxviii, p. 180. 

For generic characters see page 822. 

The typical species of this genus are from the Cambrian, from which horizon 

some ten or twelve species have been described. From these it would appear that 

the generic type is distinguished from Scenella chiefly by the curved form and 

stronger concentric marking. The genus seems, however, even among the Cambrian 

forms, to be subject to considerable variation in the matters of form and surface 

marking, and in such ways that we consider ourselves justified in placing the two 

species about to be described within its limits. Neither of the latter is greatly 

different from certain varieties of the Cambrian S. rugosa as figured by Walcott. 

Stenotheca, as is the case with Scenella also, is often placed with the Pteropoda. 

We fail, however, to see anything in these shells to justify such a view, at any rate 

nothing that is not overcome by evidence favoring an alliance with the Patellidce. 

We must admit that Stenotheca is not a good member of this family, but it most 

probably represents an offshoot from Scenella, which is a better example, toward 

certain bellerophontoids (e. g. CyrtoUtes). 

STENOTHECA EXSERTA. Sal'deson. 

PLATE LXXXII, FIGS. 11-15. 

Trylilidium exse1'tll'ln SARDESON, 1892, Bull. Minn. Acad. Nat. ScL, vol. iii, p. 337. 

Shell high, laterally compressed, curved, forming one-third or more of a volution; 

aperture sub ovate, the length and width about as three is to two, more narrowly' 

rounded in front (beneath the apex) than behind. Surface marked with fine 

radiating lines, increasing in strength with the growth of the shell, with, so far as 

known, not less than two in the space of 1 mm. Obscure transverse markings are 

also present and on the basal half of a large cast several broad folds. On the 

specimen referred to we fail to see any signs of the radiating lines, but on the other 
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shell and produce corresponding lines on the cast. Diameter about 55 mm.; hight 

about 21 mm. 

This species is not nearly as high as S. superba and S. magnifica, while it differs 

from S. beloitensis in having coar8er radii, and from S. obtusa in the more central 

position of the apex. 

Fonnation and locality.-Trenton group, Olitambonites bcd, St. Paul, Minnesota. 

Collect-ion.-Geologieal and Natural History Survey of Mi[]nesota. 

Museum Register, No. 55:35. 

Genus STENOTHECA, Salter. 

i:3tenothew, (SALTER) HICKS. 1872, Quart . .Jour. Geol. Soc., vol. xxviii, p. 180. 

For generic characters see page 822. 

The typical species of this genus are from the Cambrian, from which horizon 

some ten or twelve species have been described. From these it would appear that 

the generic type is distinguished from Scenella chiefly by the curved form and 

stronger concentric marking. The genus seems, however, even among the Cambrian 

forms, to be subject to considerable variation in the matters of form and surface 

marking, and in such ways that we consider ourselves justified in placing the two 

species about to be described within its limits. N either of the latter is greatly 

different from certain varieties of the Cambrian S. r'ugosa as figured by Walcott. 

Stenotheca, as is the case with Scenella also, is often placed with the Pteropoda. 

We fail, however, to see anything in these shells to justify such a view, at any rate 

nothing that is not overcome by evidence favoring an alliance with the Patellidre. 

We must admit that Stenotheca is not a good member of this family, but it most 

probably represents an offshoot from Scenella, which is a better example, toward 

certain belleropbontoids (e. g. Cyrtolites). 

STENOTHECA EXSERTA. Sardeson. 

PLATE LXXXII, FIGS. 11-15. 

TrY/Jliclium exsertmn SARDESON, 1892, Bull. Minn. Acad. Nat. Sci., vol. iii, p. 337. 

Shell high, laterally compressed, curved, forming one-third or more of a volution; 

aperture subovate, the length and width about as three is to two, more narrowly 

rounded in front (beneath the apex) than behind. Surface marked with fine 

radiating lines, increasing in strength with the growth of the shell, with, so far as 

known, not less than two in tbe space of 1 mm. Obscure transverse markings are 

also present and on the basal half of a large cast several broad folds. On the 

specimen referred to we fail to see any signs of the radiating lines, but on the other 
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Stenotheca ungulformis.] 

. ~asts, both from Minneapolis, they are faintly indicated. Muscular scars not 

observed::' Length of aperture 20 mm.; width of same 13.5 mm.; length of shell 

from apex to posterior margin 26 mm. These dimensions in a large and a very 

small specimen are respectively about 29, 16 and 42 mm., and 4.5, 3 and 5.5 mm. 

The large specimen has suffered from pressure so that the width is less than 

normal. 

Aside from the fa.ct that it grew to a much larger size, this species resemhles S. 

rugosa val'. levis Walcott (Tenth Ann. Rep. U. S. Geol. Surv., pI. LXXIV, figs. 5, 5a) 

more closely than it does any Lower Silurian shell known to us. 

Formation and locality.-Stones River group, Vanuxemia bed. Minneapolis, Minnesota, and Beloit, 
Wisconsin. 

Gollections.-Geological and Natural History Survey of Minnesot,a; Universit,y of Minnesota; Univer
sity of Wisconsin. 

Museum Register, No. 715. 

STENOTHEOA UNGUI]'ORMIS, n. sp. (Ulrich.) 

PLATE LXl, FIGS. 42-44. 

Shell unguiform, acuminate-ovate from above, rounded posteriorly, narrow in 

front where the apex curves more or less strongly downward, sometimes nearly to 

the plane of the aperture and projects considerably beyond the anterior margin; 

aperture horizontal, ovate, usually much more broadly rounded behind than in 

front. Surface with distinctly elevated, regular, sublamelliform, concentric lines, 

from 0.2 to 0.6 mm. apart, the distance between them increasing with growth; 

. crossing them very fine radiating lines; test rather thick; surface of cast smooth. 

Three specimens have the following dimensions: length of aperture 6.5, 10.2 and 

11.5 mm.; width of same 5.S, 9 and 9.1 mm.; length of shell 7.7, 12.8 and 15 mm.; 

hight of same 3, 4.5 and 6 mm. Old specimens have thick edges and are relatively 

longer than medium and young examples. This is because the increase of the 

shell, after a certain stage, takes place principally at the posterior border. For the 

same reason the beak appears more strongly incurved in old shells. 

This species is clearly distinct from all previously described patelloid shells. 

There may be some doubt about the generic position, the anterior hight being less 

than it should be in a true Stenotheca. The Cambrian S. ? elongata Walcott, however, 

. exceeds our species in that respect, while in its younger stages it is decidedly like 

some of the forms referred to S. rugosa by the same author. We believe, therefore, 

that we cannot be far wrong in placing it under Stenotheca. 

Formation and locality.-Upper beds of the Trenton group, between Burgin and Danville, Kentucky. 

Oollection.-E. O. Ulrich. 

* Mr. Sardeson says of the muscular scars that they" are not distiuct On the cast, but there appe"l'S to be a row of 
about 24 paSSing around the shell from 2 to 5 rom. above the lip of .tbe aperture." 
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4lasts, both from Minneapolis, they are faintly indicated. Muscular scars not 

observed::' Length of aperture 20 mm.; width of same 13.5 mm.; length of shell 

from apex to posterior margin 26 mm. These dimensions in a large and a very 

small specimen are respectively about 29, 16 and 42 mm., and 4.5, 3 and 5.G mm. 

The large specimen has suffered from pressure so that the width is less than 

normal. 

Aside from the fad that it grew to a much larger size, this species resemhles S. 

rugosa var. levis Walcott (Tenth Ann. Rep. U. S. Geo1. Surv., pI. LXXIY, figs. 5, 5a) 

more closely than it does any Lower Silurian shell known to us. 

Formation and locality.-Stones River group, Vanuxemia bed. Minneapolis, Minnesota, and Beloit, 
Wisconsin. 

Oollections.-Geological and Natural History Survey of Minnesot,a; Universit,y 1)[ Minnesota; Uuiver
sity of Wisconsin. 

Museum Register, No. 7]5. 

STENOTHECA UNGUI]'ORMIS, n. Sp. (Ulrich.) 

PLATE LXI, FIGS. 42-44. 

Shell unguiform, acuminate-ovate from above, rounded posteriorly, narrow in 

front where the apex curves more or less strongly downward, sometimes nearly to 

the plane of the aperture and projects considerably beyond the anterior margin; 

aperture horizontal, ovate, usually much more broadly rounded behind than in 

front. Surface with distinctly elevated, regular, sublamelliform, concentric lines, 

from 0.2 to 0.6 mm. apart, the distance between them increasing with growth; 

. crossing them very fine radiating lines; test rather thick; surface of cast smooth. 

Three specimens have the following dimensions: length of aperture 6.5, 10.2 and 

11.5 mm.; width of same 5.8, 9 and 9.1 mm.; length of shell 7.7, 12.8 and 15 mm.; 

hight of same 3, 4.5 and 6 mm. Old specimens have thick edges and are relatively 

longer than medium and young examples. Tllis is because the increase of the 

shell, after a certain stage, takes place principally at the posterior border. For the 

same reason the beak appears more strongly incurved in old shells. 

This species is clearly distinct from all previously described patelloid shells. 

There may be some doubt about the generic position, the anterior hight being less 

than it should be in a true Stenotheca. The Cambrian S. ? elongata Walcott, however, 

. exceeds our species in that respect, while in its younger stages it is decidedly like 

some of the forms referred to S. rugosa by the same author. We believe, therefore, 

that we cannot be far wrong in placing it under Stenotheca. 

Formation and locality.-Upper beds of the Trenton group, between Burgin and Danville, Kentucky. 

Oollection.-E. O. Ulrich. 

• Mr. Sardeson says of the muscular scars that they" are not distiuct on the cast. but there appe<tl's to be a row of 
about 24 passing around the shell from 2 to 5 mm, above the lip of the aperture." 
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[Belleropho1ltaoea. 

Suborder BELLEROPHONTACEA. 

This suborder is proposed for the reception of a type of Gastropoda that seems 

to be totally extinct. The elements to be comprised in it have heretofore been 

referred partly to the prosobranchiate order Pectinibranchiata, some to the 

Heteropodrt, and otherB to the Pteropoda. They are all symmetrical shells and in 

this respect agree with the Patellacea. We believe that they are either descendants 

of the same unknown stock from which that suborder was derived, or that they 

represent an early offshoot from it, differing in the strongly involute (instead of 

patelliform) character of their shells. From recent Heteropoda they differ in having 

a stronger shell and in their habits, which evidently were litoral and not pelagic. 

Systematists have experienced great difficulties in assigning this well-marked 

group of shells to its proper place in nature. Montfort, who was the first to attempt 

it, originally considered his Bellerophon as a cephalopod because he believed it to 

possess a number of septa pierced by a siphuncle. Although the total absence of 

anything like septa was soon demonstrated, Montfort's view was still maintained 

in the modified form necessitated by the monothalamous character of the shell. 

Blainville placed Bellerophon with the Ophisthobranchiatr;t, but received very little 

support for his view. Not so however with the idea first advanced by Deshayes 

that these shells were Heteropoda. This view seemed to be so well established by 

the external resemblance of certain bellerophontids to the recent genus Atlanta 
that it became very popular. But it also has almost disappeared from modern 
literature. 

The pORition to which they are now almost universally assigned is among 

the pectinibranchiate order of the prosobranchiate Gastropoda. This arrangement 

was inaugurated by De Koninck in 1843, when he drew attention to certain similar

ities existing between the shells of Bellerophon and Emarginula. His view was 

adopted by Pictet and Geinitz," but its general adoption was interfered with in 

1866, when Meek seemed to prove that their affinities were even nearer Pleurotomar'ta 

and HaZiotis. Since this date Meek's view of the natural position of this group of 

symmetrical involute shells has gradually gained many supporters, so that now it 
may be said to be the one that is generally accepted. 

In our opinion the systematic position of the Bellerophontacea is at least approx

imately determined. All three of the views now current, Deshayes', De Koninck's, 

and Meek's, perhaps contain an element of truth; the second because Emarginula is 
either a direct descendant of the ancient type under consideration, or a reversion 

from the pleurotomarian type; the third because the Pleurotomariida3 probably 

sprang from the same ancestral stock; and the first because there are good reasons 
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Suborder BELLEROPHONTACEA. 

This suborder is proposed for the reception of a type of Gastropoda that seems 

to be totally extinct. The elements to be comprised in it have heretofore been 

referred partly to the prosobranchiate order Pectinibranchiata, some to the 

Heteropodll, and others to the Pteropoda. They are all symmetrical shells and in 

this respeet agree with the Patellacea. We believe that they are either descendants 

of the same unknown stock from which that suborder was derived, or that they 

represent an early offshoot from it, differing in the strongly involute (instead of 

patelliform) character of their shells. From recent Heteropoda they differ in having 

a stronger shell and in their habits, which evidently were litoral and not pelagic. 

Systematists have experienced great difficulties in assigning this well-marked 

group of shells to its proper place in nature. Montfort, who was the first to attempt 

it, originally considered his Bellerophon as a cephalopod because he believed it to 

possess a number of septa pierced by a siphuncle. Although the total absence of 

anything like septa was soon demonstrated, Montfort's view was still maintained 

in the modified form necessitated by the monothalamous character of the shell. 

Blainville placed Belleropfton with the Ophisthobranchiat(t, but received very little 

support for his view. Not so however with the idea first advanced by Deshayes 

that these shells were Heteropoda. This view seemed to be so well established by 

the external resemblance of certain bellerophontids to the recent genus Atlanta 

that it became very popular. But it also has almost disappeared from modern 
literature. 

The position to which they are now almost universally assigned is among 

the pectinibranchiate order of the prosobranchiate Gastropoda. This arrangement 

was inaugurated by De Koninck in 1843, when he drew attention to certain similar

ities existing between the shells of Bellerophon and Emarginula. His view was 

adopted by Pictet and Geinitz,~ but its general adoption was interfered with in 

1866, when Meek seemed to prove that their affinities were even nearer Pleurotomarw 

and Holiotis. Since this date Meek's view of the natural position of this group of 

symmetrical involute shells has gradually gained many supporters, so that now it 

lllay be said to be the one that is generally accepted. 

In our opinion the systematic position of the Bellerophontacea is at least approx

imately determined. All three of the views now current, Deshayes', De Koninck's, 

and Meek's, perhaps conta,in an element of truth; the second because Emarginula, is 

either a direct descendant of the ancient type under consideration, or a reversion 

from the pleurotomarian type; the third because the Pleurotomariidm probably 

sprang from the same ancestral stock; and the first because there are good reasons 
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to believe that the Heteropoda have been derived from the pleurotornarian line of 

development. In other words the Bellerophontacea, Entar.r;inulidw, Plcul'%mal'iidw 

and Heteropoda, though distinguishable, are nevertheless so closely united, in one way 

or another, that no system of classification can afford to sepa~'ate them very widely. 

The most natural arrangement at present suggested is to let them follow that 

central type of the Gastropoda, the Patellacea, in the order named. This arrange

ment, however, must be regarded as only provisional, since it does not take into 

account the grand divisional line which ought to be drawn between the symmetric 

and asymmetric Gastropoda, according to which the class may be divided into two 

great groups, with the Scaphopoda, Pteropoda, Opisthobrancltiata, PolyplacopllOrri and 

Docoglossa on one side, and the Pro8obranchiata, Heteropoda and Pulmonata on the 

other. These two groups are distinct already in the oldest known fossiliferous 

rocks-so far as known then, we may say from the beginning. The members of 

each are determined not so much by the presence or absence of strictly bilateral 

symmetry of organization as by their developmental history.* A tendency to 

become twisted characterizes the whole class, but while it is a constant condition in 

the second group, it is never as' marked and often quite absent in the first. 

As regards the relation of the Bellerophontacea to the Pleurotomariidce and 

so-called Zygobranchia in general, it is scarcely as intimate as usually supposed. So 

far as known both groups are equally ancient, and comparisons between the earliest 

types of each show that they are quite as distinct as any of the later ones. The 

apertural slit and slit-band which the two groups possess in common, and which 

is the only important feature in which they agree, became established somewhat 

earlier among the pleurotomarians than with the bellerophontids, from which it 

follows that the former is probably the more ancient instead of the younger type of 

the two. They may have had a common ancestor, but neither sprang from the 

other. 

The derivation of the bellerophontids is still obscure. Of all the known and 

sufficiently ancient types only Stenotheca, which we refer to the PateUacea, appears 

at all likely to have been concerned in their evolution. In this genns the shell is 

more or less strongly curved, the surface frequently cancellated, and the dorsum 

sometimes subangular. From such a type it is not very far to Cyrtolites. But 

Cyrtolites, despite the fact that it is closely connected, by one species or another, to 

more typical members of the suborder, is very different from Owenella, which 

includes the only Cambrian bellerophontid known. Nor has the genus yet been 

found in rocks older than the Trenton. Although, in placing the Bellerophontacea 

. * Among recent Gastropoda only the Polyp!,acnplwra and Ophistho/;rnllchi(tt(t are fnnd:tment,Llly symmetrical, bnt ,,,deon
tology seems to show conclusively that the early or Paleozoic representative; of the Docoglossa, Pte.l'OjJodn and Sco,l'liojJoda. 
were perhaps equally so. 
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to believe that the Heteropoda have been derived from the pleurotomarian line of 

development. In other words the Bellerophontacea, Elltar,r;iuulirlw, Pleur%mal'iidw 

and Heteropoda, though distinguishable, are nevertheless so closely nnited, in one way 

or another, that no system of classification can afford to separate them very widely. 

The most natural arrangement at present suggested is to let them follow that 

central type of the Gastropoda, the Patellacea, in the order named. This arrange

ment, however, must be regarded as only provisional, since it does not take into 

account the grand divisional line which ought to be drawn between the symmetric 

and asymmetric Gastropoda, according to which the class may be divided into two 

great groups, with the Scaphopoda, Pteropoda, Opisthobra}1cliiata, Polyplacopltom and 

Docoglossa on one side, and the Pro8obranchiata, Heteropoda and Pulmonata on the 

other. These two groups are distinct already in the oldest known fossiliferous 

rocks-so far as known then, we may say from the beginning. The members of 

each are determined not so much by the presence or absence of strictly bilateral 

symmetry of organization as by their developmental history.* A tendency to 

become twisted characterizes the whole class, but while it is a constant condit.ion in 

the second group, it is never as' marked and often quite absent in the first. 

As regards the relation of the Bellerophontacea to the Pleurotomal'iidce and 

so-called Zygobranchia in general, it is scarcely as intimate as usually supposed. So 

far as known both group8 are equally ancient, and comparisons between the earliest 

types of each show that they are quite as distinct as any of the later ones. The 

apertural slit and slit-band which the two groups possess in common, and which 

i8 the only important feature in which they agree, became established somewhat 

earlier among the pleurotomarians than with the bellerophonticls, from which it 

follows that the former is probably the more ancient instead of the younger type of 

the two. They may have had a common ancestor, but neither sprang from the 

other. 

The derivation of the bellerophontids is still obscure. Of all the known and 

sufficiently ancient types only Stenotheca, which we refer to the PateUacea, appears 

at all likely to have been concerned in their evolution. In this genus the shell is 

more or less strongly curved, the surface frequently cancellated, and the dorsum 

sometimes subangular. From such a type it is not very far to Cyrtolites. But 

Cyrtolites, despite the fact that it is closely connected, by one species or another, to 

more typical members of the suborder, is very different from Oloenella, which 

includes the only Cambrian beUerophontid known. Nor has the genus yet been 

found in rocks older than the Trenton. Although, in placing the Bellerophontacea 

. * Among recent Gastropoda only the PolypLacnplwra and OphiBtho/;r(tllclii(tta are fno(1:Lmentally symmetrical, but "",leotl
tology seems to show conclusively that the early or Paleozoic representative; of the Docoglo",LL, Ptel'OjJoda ",nd SWpllOpod(/, 

were perhaps equally so, 
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and Patellace(~ in the same order, we have taken the probable, yet not established,· 

connection between Stenotheca and CyrtoUtes into con~ideration, our principal reason 

for doing so lies in the fact that in both the shell is symmetrical. 

During the preparation for this work we undertook as nearly a complete 

revision of the American species of the suborder as possible, the cabinet of one of 

the authors containing representatives of a large proportion of the described forms. 

Much time was spent also on the foreign species, though here we were obliged to 

rely almost entirely upon the published figures. Still, with our knowledge of the 

American species, the illustrations alone were in most cases sufficient for our 

purposes. Our comparative studies, though demonstrating the close interrelation

ship of the various types comprised in the suborder, still showed very clearly the 

actual existence of numerous natural and in most cases easily recognized groups of 

species which we deem of sufficient importance to rank as genera. Most of these 

have been already established, but, as some require sharper limitation and correction, 

we shall endeavor to characterize them all as fully and clearly as we can now do. 

Under each genus we add a list of the American species, and when desirable of 

the foreign as well, which we have examined and ot whose affinities and position 

we are reasonably certain. 

We recognize twenty-three genera and divide them into five families. In 

the following synopsis brief discussions follow the diagnosis of the genera of which 

no species are described by us, while the remarks on the others will be found 

immediately preceding the descriptions of the species of each. 

Family CYRTOLITIDlE. 

Symmetrical involute shells; volutions two or three, barely in contact, sharply 

- angular dorsally; aperture not expanded, the sinus V-shaped, never deep, sometimes 

wanting; no slit, and the band occurs only in Cyrtolitina; surface reticulate. 

CYRTOLITES, Conrad. Shell coiled in the same plane, symmetrically or nearly so; 

volutions two 01' three, scarcely contiguous, the last occasionally free, enlarging 

gradually, carinated on the back and often on the sides, giving a subquadrate cross

section; aperture not abruptly expanding, with or without a median notch in the 

outer lip; no slit-band; shell thin, without callosities of any kind; surface sculpture 

reticulated or cancellated, consisting of straight or obliquely curved regular 

transverse lines connected by short oblique lines. Type, C. ornatus Conrad. 

C. omalus Conrad. Cincinnati period. 
C. onwtus, var. minor U. & S. Trenton group. 
C. )'1/)'01'81£8 Ulrich. Black River, Trenton, and Utica 

group". 
C. ret)'oTS!l8, var. jillmo)'ensis U. & S. Black Riv. gr. 

C. subplana Ulrich. Trenton group. 
O. pw'vus Ulrich. Utica group. 
C. carincdus Miller. Utica group. 
C. clisjunctus U. & S. Richmond group. 
C."! di/atus U. & S. Black River group. 
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an~l Patellacea, in the same order, we have taken the probable, yet not established, 

connection between Stenotheca and CYl'tol£tes into con~ideration, our principal reason 

for doing so lies in the fact that in both the shell is symmetrical. 

During the preparation for this work we undertook as nearly a complete 

revision of the American species of the suborder as possible, tbe cabinet of one of 

the authors containing representatives of a large proportion of the described forms. 

Much time was spent also on the foreign species, though here we were obliged to 

rely almost entirely upon the published figures. Still, with our knowledge of the 

American species, the illustrations alone were in most cases sufficient for our 

purposes. Our comparative studies, though demonstrating the close interrelation

ship of the various types comprised in the suborder, still showed very clearly the 

actual existence of numerous natural and in most cases easily recognized groups of 

species which we deem of sufficient importance to rank as genera. Most of these 

have been already established, but, as some require sharper limitation and correction, 

we shall endeavor to characterize them all as fully and clearly as we can now do. 

Under each genus we add a list of the American species, and when desirable of 

the foreign as well, which we have examined and of whose affinities and position 

we are reasonably certain. 

We recognize twenty-three genera and divide them into five families. In 

the following synopsis brief discussions follow the diagnosis of the genera of which 

no species are described by us, while the remarks on the others will be found 

immediately preceding the descriptions of the species of each. 

Family CYRTOLITIDlE. 

Symmetrical involute shells; volutions two or three, barely in contact, sharply 

- angular dorsally; aperture not expanded, the sinus V-shaped, never deep, sometimes 

wanting; no slit, and the band occurs only in Cyrtolitina; surface reticulate. 

CYRTOLITES, Conrad. Shell coiled in the same plane, symmetrically or nearly so; 

volutions two or three, scarcely contiguous, the last occasionally free, enlarging 

gradually, carinated on the back and often on the sides, giving a subquadrate cross

section; aperture not abruptly expanding, with or without a median notch in the 

outer lip; no slit-band; shell thin, without callosities of any kind; surface sculpture 

reticulated or cancellated, consisting of straight or obliquely curved regular 

transverse lines connected by short oblique lines. Type, C. Ol'natus Conrad. 

C. ornatllS Conrad. Cincinnati period. 
C. 01'lwtlls, var. minor U. & S. Trenton group. 
C. )'e/rOr!511S Ulrich. Black River, Trenton, and Utica 

group8. 
C. ret)'o)'sllS, vaT. fillmm'ensis U. & S. Black Riv. gr. 

C. subplana Ulrich. Trenton group. 
C. parvus Ulrich. Utica group. 
C. carinntus Miller. Utica group. 
C. clisjunctus U. & S. Richmond group. 
C.? dilatus U. & S. Black River group. 
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MWROCERAS, Hall, 1845. (A mer. Jour. Sci., vol. xlviii, p. 249.) Minute shell/,; 

(1 to 4 mm. in diameter), gregarious in habit, in form like Cyrtolites. It is difficult 

to decide whether any of hundreds of specimens seen preserve the shell or not, 

though we are inclined to regard them as casts of the interior. They,ue always 

of a black or brownish color, with the surface perfectly smooth and generally 

glossy. The principal and typical species, M. inornatlls Hall, seelllS to range from 

the Trenton to the Devonian. 

The shells comprised in this somew hat doubtful genus ::tre certainly not" embry

onic volutions of bellerophontes," as supposed by Waagen, but they may be dwarfed 

varieties of species of Cyrtolites and perhaps of other genera. They usually occur 

associated with large numbers of Cyclom, another genus of minute gastropods, the 

species of which again may be but dwarfed forms of Holopea or Cyclonema and 

Lophospira, and with very small species of Ctenodonta and Clidophorus, 

CYRTOLITINA, n. gen. (Ulrich.) (Cyrtolites [part.], Lindstri)m, 1884-.) Symmetri

cally involute, small thin shells, consisting of one and a half or two rapidly 

enlarging, contiguous or free volutions, with rounded sides and a more or less well 

developed slit-band; aperture higher than wide, sinuate dorsally and somewhat 

deeply emarginated in front of the slit-band; marks of growth curving strongly 

backward, more or less distinctly lamellose, ,vith crenulated edges and, when 

distant enough, traversed hy small wrinkled longitudinal riblets. Type, Crytolites 

lamellifer Lindstrom. In the same work (Silurian Gastropoda of Gotland, pp. 82-84) 

Lindstrom describes three more species belonging to this genus, viz.: Crytolites 

pharetra, C. arrosus and C. obliquus. In A merica the new genus is represented by 

Cry to lites nitidulus Ulrich (Jour. Cin. Soc. Nat. Hist., vol. ii, p. 12; 1879), a species of 

the upper part of the Trenton group. 

Family PROTOWARTHIIDh~. 

Symmetric, involute shells; aperture not abruptly expanded; outer lip and 

lines of growth with a broad or narrow dorsal sinus; slit and band wanting. 

OWENELLA, n. gen.* Shell thin, subglobose, closely coiled; volutions compressed 

dorso-ventrally, moderately embracing, rounded on the back, enlarging gradually, 

not abruptly expanded at the aperture; umbilicus open; aperture transverse, the 

outer lip with a rather broad and not very deep median insinuation; slit-band wanting. 

So far as known the surface markings consist of transverse or growth lines only. 

Type, BeUerophon antiquatus Whitfield, Upper Cambrian, Wisconsin. B. pettos 

Koken, from Lower Silurian stra,ta in Europe, seems to have all the essential char

acters of this genus. 

* Named for that great pioneer in the geology of the northwestern stll.tes, Dr. David Dale Owen. 

GASTROPODA. 
Protowarthl1dre., 

847 

MIOROCERAS, Hall, 1845. (Amer. Jour. Sci., vol. xlviii, p. 24£1.) Minute shelh; 

(1 to 4 mm. in diameter), gregarious in habit, in form like Cyrtolites. It is difficult 

to decide whether any of hundreds of specimens seen preserve the shell or not, 

though we are inclined to regard them as casts of the interior. They are always 

of a black or brownish color, with the surface perfectly smooth and generally 

glossy. The principal and typical species, M. inomatns Hall, seelllS to range from 

the Trenton to the Devonian. 

The shells comprised in this somew hat doubtful genus are certainly not" embry

onic volutions of bellerophontes," as supposed by Waagen, but they may be dwarfed 

varieties of species of Cyrtolites and perhaps of other genera. They usually occur 

associated with large numbers of Cyclora, another genus of minute gastropods, the 

species of which again may be but dwarfed forms of Holopea or Cyclonema and 

Lophospira, and with very small species of Ctenodonta and Clidophorus, 

CYRTOLITINA, n. gen. tUlrich.) (Cyrtolites [part.], Lindstrijm, 1884-.) Symmetri

cally involute, small thin shells, consisting of one and a half or two rapidly 

enlarging, contiguous or free volutions, with rounded sides and a more or less well 

developed slit-band; aperture higher than wide, sinuate dorsally and somewhat 

deeply emarginated in front of the slit-band; marks of growth curving strongly 

backward, more or less distinctly lamellose, with crenulated edges and, when 

distant enough, traversed hy small wrinkled longitudinal riblets. Type, Cry to lites 

lamellifer Lindstrom. In the same work (Silurian Gastropoda of Gotland, pp. 82-84) 

Lindstrom describes three more species belonging to this genus, viz.: Cry to lites 

pharetra, C. arrosus and C. obliquus. In A merica the new genus is represented by 

Cry to lites nitidulus Ulrich (Jour. Cin. Soc. Nat. Hist., vol. ii, p. 12; 187£1), a species of 

the upper part of the Trenton group. 

Family PROTOW ARTHIIDh~. 

Symmetric, involute shells; aperture not abruptly expanded; outer lip and 

lines of growth with a broad or narrow dorsal sinus; slit and band wanting. 

OWENELLA, n. gen.* Shell thin, subglobose, closely coiled; vollltions compressed 

dorso-ventrally, moderately embracing, rounded on the back, enlarging gradually, 

not abruptly expanded at the aperture; umbilicus open; aperture transverse, the 

outer lip with a rather broad and not very deep median insinuation; slit-band wanting. 

So far as known the surface markings consist of transverse or growth lines only. 

Type, Bellerophon antiquatus Whitfield, Upper Cambrian, Wisconsin. B. pettos 

Koken, from Lower Silurian stra,ta in Europe, seems to have all the essential char

acters of this gen us. 

* Named for that great pioneer in the geology of the north western states, Dr, David Dale Owen. 
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This is the oldest known representative of the suborder, but as all the essential 
, 

Lellerophontid characters are already well developed in it, we should look for, and 

may confidently expect to find, less advanced forms in the Middle and Lower 

Cambrian rocks. 
The general expression of O. antiquata is such that we can scarcely doubt 

that it is of the type from which the Bucaniidce sprang. The modifications required 

to reach the latter stage,-the formation of an apertural slit with its resulting 

dorsal band, and a not very great change in surface markings,-are quite in accord

ance with the developmental tendency prevailing in early Paleozoic times not only 

among the Bellerophontacea but among the Eotomacea as well. }i'u-rther, we are 

satisfied that Owen ella is the stock in which the roots of all the other types of the 

group, excepting the Cyrtolitid(p, are centered. Abundant evidence supporting 

this view occurs here and there through the following pages. 

PROTOW ARTHIA, n. gen. Aperture large but not abruptly expanded, the outer 

lip bilobate, with a broad and more or less deep sinus but neither a slit nor band; 

dorsum convex, never carinate; umbilicus closed; surface markings very fine, gener

ally consisting of more or less obscure crowded lines of growth and delicate 

revolving striffi. The inner lip forms a thin granulose deposit over the dorsum of 

the inner end of the last whorl and extends on each side around the umbilical 

region. This portion is covered with interrupted or inosculating lines. Type, 

Bellerophon cancellatus Hall. 

P. cassinensis Whitfield sp. Calciferous. 
P. recictngttla)'is U. & S. Stones River group. 
P. pervolnta U. & S. Black Ri v. and Trenton grou ps. 
P. ol)cs(( Ulrich. Trenton group. 
P. cancel/ata Hall sp. Trenton and Cincinnati periods. 
P. granistriuta Ulrich. Utica group. 

P. ?ucHtilira Hall sp. 

P.plc(nodorsata Ulrich. Utica group. 
P. subcompJ'essa Ulrich. Richmond group. 
P. concimw U. & S. "" 
P. mo)'rowensis Miller sp. 
P. bilouattls Sowerby sp. 

not American.) 
Hamilton group. 

" , ~ 
Low. Siluro {Probably 

BUCANELLA, Meek.* (,\lot Koken.-t-) Back of shell distinctly trilobate, volutions 

enlarging rapidly, compressed dorso-ventrally, scarcely embracing; umbilicus large; 

aperture transverse, the outer lip sinuate; surface markings obscure, delicate, con

sisting apparently of both revolving and growth lines. According to Meek there is 

no slit-band. Type, B. nana Meek. The European Upper Silurian fossil, Bellerophon 

trilobatus Murchison, and our common Clinton Bucania trilobata Conrad, probably 
belong here. 

Unfortunately we have not been able to secure a testiferous example of any 

of the three species referred to this genus.t Admitting the correctness of Meek's 

• Proe Amer. Pbilos. Soc .. vol. xi, p. 426; 1870. 

tN. Jaltrhuch 1. Mineralogic, etc., BeiJage. Band vi, p. 389; 1889. 

:1: Since tlJispage. Was in type vee llavc. through the kindness of Prof. E W. OIaypole and Mr. Aug. F. Foerste, been 
enabled to see speciIllens of B. trilo/)ota Conrad sp.wbich retaiued some of the shell. ThIs we find to be comparatively thick, 
and marked extemally with very fine revolving lines. Tbe lines of growth are very faint and tbey form a broad sinus on 
he central lobe of tbe back about as in Protowarthia. Tbere is no slit-band. 
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This is the oldest known representative of the suborder, but as all the essential 

Lellerophontid characters are already well developed in it, we should look for, and 

may confidently expect to find, less advanced forms in the Middle and Lower 

Cambrian rocks. 
The general expression of O. antiquata is such that we can scarcely doubt 

that it is of the type from which the Bucaniidce sprang. The modifications required 

to reach the latter stage,-the formation of an apertural slit with its resulting 

dorsal band, and a not very great change in surface markings,-are quite in accord

ance with the developmental tendency prevailing in early Paleozoic times not only 

among the Bellerophontacea but among the Eotomacea as well. Further, we are 

satisfied that Owen ella is the stock in which the roots of all the other types of the 

group, excepting the CyrtoliticZ(p, are centered. Abundant evidence supporting 

this view occurs here and there through the following pages. 

PROTOW ARTHIA, n. gen. Aperture large but not abruptly expanded, the outer 

lip bilobate, with a broad and more or less deep sinus but neither a slit nor band; 

dorsum convex, never carinate; umbilicus closed; surface markings very fine, gener

ally consisting of more or less obscure crowded lines of growth and delicate 

revolving striffi. The inner lip forms a thin granulose deposit over the dorsum of 

the inner end of the last whorl and extends on each side around the umbilical 

region. This portion is covered with interrupted or inosculating lines. Type, 

Bellerophon cancellatus Hall. 

P. cassinen:;is Whitfield sp. Calciferous. 
P. 1'ectangttlco'is U. & S. Stooes Ri ver group. 
P. pervoluta U. 80S. Black Riv.and Trentongruups. 
P. (7)c:;a Ulrich. Trenton group. 
I'. cancel/ata Hall sp. Trenton aod Cincinnati periods. 
P. grailistri(ltct Ulrich. Utica group. 

P. l((Clltilira Hall sp. 

P. planodol'sata Ulrich. Utica group. 
P. suucompressa Ulrich. Richmond group. 
P. concill1w U. & S. "" 
P. rnon'owensis Miller sp. 
P. uilouotus Sowerby sp. 

not American.) 
Hamilton group. 

Low. Silur. (Probably 

BUCANELLA, Meek. * (~ot Koken.-t-) Back of shell distinctly trilobate, volutions 

enlarging rapidly, compressed dorso-ventrally, scarcely embracing; umbilicus large; 

aperture transverse, the outer lip sinuate; surface markings obscure, delicate, con

sisting apparently of both revolving and growth lines. According to Meek there is 

no slit-band. Type, B. nana Meek. The European Upper Silurian fossil, Bellerophon 

trilobatus Murchison, and our common Clinton Bucania trilobata Conrad, probably 
belong here. 

Unfortunately we have not been able to secure a testiferous example of any 

of the three species referred to this genus.t Admitting the correctness of Meek's 

• Proc ArneI'. Philo". Soc., vol. xi. p. 426; 1870. 

l' N. JalirlJuch r. Mineralogic, etc., Beilage Band vi, p. 389; 1889. 

:1: Since this )loge W8S in type vee lJavo. through the kindness of Prof. E W.Olaypole and Mr. Aug. F. Foerste, been 
enal)led to oce SPOCilllODS of n. iri/o/)ata Conrad sp.which retained some of the shell. ThIs we find to be comparatively thick, 
aDd marked externally with very fine revolving lineo. The lines of growth are very faint and they form a broad sinus on 
he central lobe of the back about as In Protow(crthia. There is no slit-band. 
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description, especially the part which relate/; to the absence of a slit and dorsal hand, 

we place the genus near Owenella and Protowarthia, and consider it as well dis

tinguished from those genera by the trilobate character of its shells. 1\ oken (loc. 

cit.) without sufficient warrant considers Meek's diagnosis as incorrect and propo!'es 

to extend the limits of the genus so that it will iwlude, beside the species placed 

here by Meek and which Koken admits he has not seen, two other groups of 

species, one falling under our Tet1"anota, the other, having revol ving surface 

markings, probably under Bucanopsis. For further discussions see remarks specially 

devoted to the genera named. 

Family BUCANllDA~. 

Symmetric, involute shells; whorls rather numerous, merely in contact, or 

embracing slightly, all visible in the umbilicus; aperture often expanded abruptly; 

dorsal slit-band distinct, the slit itself generally very long and narrow, some

times represented by a row of openings; surface with transverse lamellm or lines, 

usually crossed at right angles by short ribs. 

TETRANoTA, n. gen. (Bucania [part.] of Hall and other authors; Bllcanella 

. [part.], Koken, not Meek.) Shell thin; aperture moderately expanded, laterally 

chiefly; inner lip without callosity; sinus more or less deep, terminating in a short 

slit; whorls generally compressed so that the transverse diameter greatly exceeds 

the vertical; umbilicus open, large or of moderate size; dorsal band very wide, 

margined on each side by a strong ridge; about midway between these ridges and 

the narrowly rounded or angular sides of the volutions there is another ridge 

on each side, making in all four constant revolving ridges; aside from these the 

surface markings consist of rather delicate, sublamellose, regular lines of growth, 

each crossed at right angles by its own set of minute ribs. The revolving ridges, 

the lateral ones especially, are best developed or: the inner whorls and may become 

quite indistinguishable near the aperture. Type, Bucania biciot'sata Hall. 

T. macra U. & S. 1'. wisconsillcnsis Whitfield sp. 
T. sexcarinata U. & S. T. biclorsata Hall sp. 

. T. ousolcta U. & S. 

.I\ll Lower' Silurian fos:-;il~<Llld cleseribed 
ill tllis VOlUIIll'-. 

KOKENIA, n. gen. (Bucanella [part.], Koken, 1889, not Meek, 1870.) Volutions 

depressed; slit-band wide, flat, elevated, with a broad concave space on each side; 

umbilicus open, ~ather large; aperture not expanded, lips thin, the outer one deeply 

emarginated. Surface with straight, uninterrupted revolving ribs, strong on the 

lateral parts of the dorsum, fine on the slit-band; growth lines very delicate. Type, 

Bucanella esthona Koken (N eues J ahrbuch fOr Mineralogie, etc., Beilageband vi, p. 

389; 1889), Lower Silurian drift, Berlin. One American species, K. costalis U. & S. 
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description, especially the part which relate/> to the absence of a slit and dorsal hand, 

we place the genus near Owenella and Proto1Oartltia, and consider it as well dis

tinguished from those genera by the trilobate character of its shells. 1\ oken (loe. 

cit.) without sufficient warrant considers Meek's cliagnosis as incorrect and propo~es 

to extend the limits of the genus so that it will iwlucle, besi(1e the species placed 

here by Meek and which Koken admits he has not seen, two other groups of 

species, one falling under our TetJ"rtnota, the other, having revol ving surface 

markings, probably under Bucanopsis. For further discussions see remarks specially 

devoted to the genera named. 

Family BUCANllDA~. 

Symmetric, involute shells; whorls rather numerous, merely in contact, or 

embracing slightly, all visible in the umbilicus; aperture often expanded abruptly; 

dorsal slit-band distinct, the slit itself generally very long and narrow, some

times represented by a row of openings; surface with transverse lamellffi or lines, 

usually crossed at right angles by short ribs. 

TETRANoTA, n. gen. (Bucania [part.] of Hall and other authors; Bucanella 

. [part.], Koken, riot Meek.) Shell thin; aperture moderately expanded, laterally 

chiefly; inner lip without callosity; sinus more or less deep, terminating in a short 

slit; whorls generally compressed so that the transverse diameter greatly exceeds 

the vertical; umbilicus open, large or of moderate size; dorsal band very wide, 

margined on each side by a strong ridge; about midway between these ridges and 

the narrowly rounded or angular sides of the volutions there is another ridge 

on each side, making in all four constant revolving ridges; aside from these the 

surface markings consist of rather delicate, sublamellose, regular lines of growth, 

each crossed at right angles by its own set of minute ribs. The revolving ridges, 

the lateral ones especially, are best developed o~ the inner whorls and may become 

quite indistinguishable near the aperture. Type, Bucania bidm'sata Hall. 

T. macra U. & S. 1". wisconsillcnsis Whitfield sp. -I . _0' • o. . • 

T s x " t U So S T b"l /(1 Hall sp , :\ II Lower SiluTlan jus",!>; and des"rtbed . e car~na a . l.,; • • U ors(( ,) ( '-' \ ill tltis VUlUIlll'. 

" T. ousoleta U. &; S. I 

KOKENIA, n. gen. (Bucanella [part.], Koken, 1889, not Meek, 1870.) Volutions 

depressed; slit-band wide, flat, elevated, with a broad concave space on each sicle; 

umbilicus open, ~ather large; aperture not expanded, lips thin, the outer one deeply 

emarginated. Surface with straight, uninterrupted revolving ribs, strong on the 

lateral parts of the dorsum, fine on the slit-band; growth lines very delicate. Type, 

Bucanella esthona Koken (N eues J ahrbuch filr Mineralogie, etc., Beilageband vi, p. 

389; 1889), Lower Silurian drift, Berlin. One American species, K. costalis U. & S. 
-54 
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MEGALOMPRALA, n. gen. (Ulrich.) This name is proposed for the widely umbi1i

cated group of species which Koken has provisionally designated as the "Gruppe 

{les Bellerophon contol'tuS." The general form of the shell and volutions in these 

species is precisely as in the typical section of Bucania, as here restricted and 

defined. They may, however, be distinguished at once by the total absence of 

revolving surface sculpture. The apertural slit also appears to be much shorter, 

though the slit-band is well developed. In the last respect they agree with our 

Tetranoia, hut the expression in general is different, while the absence of the 

four revolving dorsal ridges, which are such a striking feature of that genus, 

must, for the present at least, be regarded as forbidding their reference to 

Tetranota. Again, they remind one of Owenella, but the presence of a distinct slit

band, which is wanting in that genus, is sufficient to distinguish them. These 

varied resemblances, however, probably give us a reliable clue to the developmental 

history of the Bucaniidce. At present the line of evolution appears to be from 

Owenella to Megalomphala to Bucania to Salpingostoma to Tremanotus. Tetranota 

to Kol.;enia and Oxydiscus to Conradella are separate lines. 

Eichwald's Bellerophon contortus may be regarded as the type of Megalomphala. 

Excepting the doubtful Chazy species which Hall in 1847 called Bucania rotundata, 

and which may belong in this connection, the genus is not known to occur in 

American strata. In Europe, according to Koken, it is represented by Bellerophon 

contoNus Eichwald and B. vaginati Koken, in the Lower Silurian, by B. taenia Lind

str()m, in the Upper Silurian, and by B, macromphalus A. Roemer, in the Devonian, 

That the last really belongs to Megalomphala requires confirmation. 

BUCANIA, Hall (reE>tricted). Shell consisting of three to five more or less 

depressed volutions coiled. in one plane, with generally a wide umbilicus and not 

greatly-never abruptly - expanded aperture. Surface markings consisting of 

equal or unequal revolving riblets.and lines of growth, together producing a more 

or less caucellated appearance. Revolving lines wavy or wrinkled, oblique, 

especially in the umbilicus, crossing from the ventral side of a whorl to the dorsal 

slit-band in the space of about one half a volution. Frequently they are interrupted 

by strong lamellm, the wavy edges of which are parallel with the lines of growth 

and the apertural margin. Aperture transverse and somewhat reniform in the 

typical section, higher and relatively larger in the B. nashvillensis section. In the 

former the lips are thin, the outer one sinuate, and the sinus prolonged into a rather 

long narrow median slit; in the latter the inner lip is rather thick and the slit 

shorter. Slit-band distinct, raised or depressed. Type, B. sulcatina Emmons sp. 
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MEGALOMPHALA, n. gen. (Ulrich.) This name is proposed for the widely umbili

cated group of species which Koken has provisionally designated as the "Gruppe 

~es Bellerophon contm'tus." The general form of the shell and volutions in these 

species is precisely as in the typical section of Bucania, as here restricted and 

defined. They may, however, be distinguished at once by the total absence of 

revolving surface sculpture. The apertural slit also appears to be much shorter, 

though the slit-band is well developed. In the last respect they agree with our 

Tetranoia, but the expression in general is different, while the absence of the 

four revolving dorsal ridges, which are such a striking feature of that genus, 

must, for the present at least, be regarded as forbidding their reference to 

Tetranota. Again, they remind one of Owenella, but the presence of a distinct slit

band, which is wanting in that genus, is sufficient to distinguish them. These 

varied resemblances, however, probably give us a reliable clue to the developmental 

history of the Bucaniidce. At present the line of evolution appears to be from 

Owenella to Megalomphala to Bucania to Salpingostoma to Tremanotus. Tetranota 

to Kokenia and Oxydiscus to Conradella are separate lines. 

Eichwald's Bellerophon contortus may be regarded as the type of Megalomphala. 

Excepting the doubtful Chazy species which Hall in 1847 called Bucania rotundata, 

and which may belong in this connection, the genus is not known to occur in 

American strata. In Europe, according to Koken, it is represented by Bellerophon 

contol'tus Eichwald and B. vaginati Koken, in the Lower Silurian, by B. taenia Lind

str(Jm, in the Upper Silurian, and by B. macromphaZus A. Roemer, in the Devonian. 

That the last really belongs to Megalomphala requires confirmation. 

BUCANIA, Hall (restricted). Shell consisting of three to five more or less 

depressed volutions coiled. in one plane, with generally a wide umbilicus and not 

greatly - never abruptly - expanded aperture. Surface markings consisting of 

equal or unequal revolving riblets.and lines of growth, together producing a more 

or less cancellated appearance. Revolving lines wavy or wrinkled, oblique, 

especially in the umbilicus, crossing from the ventral side of a whorl to the dorsal 

slit-hand in the space of about one half a volution. Frequently they are interrupted 

by strong lamellm, the wavy edges of which are parallel with the lines of growth 

and the apertural margin. Aperture transverse and somewhat reniform in the 

typical section, higher and rela,ti vely larger in the B. nashvillensis section. In the 

former the lips are thin, the outer one sinuate, and the sinus prolonged into a rather 

long narrow median slit; in the latter the inner lip is rather thick and the slit 

shorter. Slit-band distinct, raised or depressed. Type, B. sulcatina Emmons sp. 



GASTROPODA. 
Bucanildre.) 

TYPICAL SECTION. 

B. sulcatina Emlllons. Chazy. B. suulalft U. & S. Stone's River group. 
B. halli U. & S. Stones Riv. and Black Riv. grs. B. j'11galina U. & S. Blacl{ HiveI' group. 
B. emmonsi U. & S. Stones Riv. & Black Riv. grs. B. elliptica O. & S. Trenton gmup. 
B. minnesotensis U. & S. Stones Ri v. & Blk R v. grs. B. interlextu IT all. 'rren ton group. 

0; B. ptmctif1'ons Emmons. Trenton group. 
Foreign species.-B. ozekanowskii Schmidt, Lower Silurialil, Russia. 

B. NASHVILLENSIS kECTION. 

B. nashvillensis Ulrich. Trenton group. 
B. lindsleyi Safford. Trenton group. 

n. pernellta Ulrich. 'rrenton gflJUp. 
B. singlllm'is Ulrich. Trenton group. 
E. nU1/ft Ulrieh. Trenton group. 
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B. fmnkfortensis Ulrich. Trenton group. 
B. sU/Jangulata Ulrich. Trenton group. 
B. miC'l'onema Ulrich. Trenton group. 

B. nam!, val'. subpatullt Olrieh. 'rrenton group. 
B. sinwl((/1'ix Ulrieh. Richmond groulJ. 

B. crassa Ulrich. Richmond group. 

SALPINGOSTOMA, Roemer. (Leth. Geognostica, 1876.) Shell symmetrically coiled 

III one plane; volutions numerous, enlarging gradually, scarcely embracing, the 

consequence being a large open umbilicuR. Aperture abruptly expanded at maturity, 

trumpet like; peristome thin, the outer portion slightly sinuate. Inner volutions 

with a slit band as in Bucania. This is replaced in the outer half of the last w horI 

by a long narrow opening or slit which, however, does not extend to the apertural 

expansion, but is closed some distance behind it. Surface marked with simple or 

sublamellose lines of growth and more or less oblique, irregular and sometimes 

interrupted or wavy revolving lines. Type, S. megalostoma Eichwald 8p. 
A~[ERICAN SPECIES. 

S. buelli Wbitfield sp. Stones River group. 
S. budli, val'. kentuckiensis Ulr. Blaek Ri v. group. 
S. expansa Hall sp. Trenton group. 
1:3 sculptilis U. & S. Trenton group. 

S. im.bl'icatu U. & S. Riehmond group. 
S. Tichmondensis OIl' Richmond group 
1:3. canadensis Billings. Hudson River group. 
S. fl'otemus Billings. Hudslln RiYer group. 

EUROPEAN SPECIES. 

S. megolo.~toma Eichwald. Lower Silurian. S. locato), Eicbwald sp. Lower Silurian. 
S. compTcssa Eiehwald sp. 

TREMANOTUS, Hall.* In all re8pects like Salpingostoma exeepting that an 

expanded aperture is developed at frequent and regular intervals, and the dorsal 

slit closed at corresponding periods, so that, instead of a continuous long opening, 

there is a series of small, elongate elliptical perforations. Type, T. alpheus Hall. 
AlllERICANSPECIES. 

T. alpheus Hall. Niagara group. 7: trigonostomu Hall & Whitfield. Niagara group. 
T. chicogoensis McOhesney sp. Niagara group. T. angustuta Hall sp. Niagara. 

T. profunda Conrad sp. Lower Helderberg group. 

FOREIGN SPECIES. 

T. longitudinalis Lindstrom. Up. Silur., Gotland. T. compl'essus Lindstrum. Up. Silllr., Gotland. 
T. maideni Etheridge, Jr. ? Triassic, New South Wales. 

CONRADELLA, n. gen. (Phragmolites, Conrad, 1838, Ann. Geo1. Rep. New York, 

p.119.) Shell coiled symmetrically, general form as in Cyrtolites and Oxydiscus, the 

volutionsenlarging gradually and being strongly keeled dorsally. Aperture oval or 

*Twentielh Rep. New York St. Mus. Nat. Rist., p. 347; 1868. 

GASTROPODA. 
Buca.nildre.] 

TYPICAL SECTION. 

B. sulcatina Emmons. Chazy. B. sublatn U. & S. SLone's River group. 
B. halli U. & S. Stones Riv. and Black Riv. grs. B. ?'11galina U. & S. Blac\{ Hiver group. 
B. emmonsi U. & S. Stones Ri v. & Black Riv. grs. B. elliptiw U. & S. Trenton group. 
B.minnesotensisU.&S. StonesRiv.&BlkRv.grs. B.intel'lexta Hall. 'I'n'nton group. 

0; B. ptmctif1'ons Emmons. Trenton group. 
Foreign species.-B. ozekanowskii Schmidt, Lower Silurialil, Russia. 

B. NASIIVILLENf-iIS SECTION. 

B. nashvillensis Ulrich. Trenton group. 
B. lindsleyi Safford. Trenton group. 

n. per({~lIt(l Ulrich. Trenton gmup. 
B. singHlm'il; Ulrich. Trenton gruufJ. 
n. nlt'lw Ulrieh. Trenton group. 
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B. frankfol'tensis Ulrich. Trenton group. 
B. sU/Jangulata Ulrich. Trenton group. 
E. mic1'Onema Ulrich. Trenton group. 

B. nnmt, val'. sniJpatulu Ulrich. Trenton group. 
B. sinwl((/1'ix Ulrich. Richmond groujJ. 

B. crassa Ulrich. Richmond group. 

SALPINGOSTOMA, Roemer. (Leth. Geognostica, 1876.) Shell symmetrically coiled 

In one plane; volutions numerous, enlarging gradually, scarcely embracing, the 

consequence being a large open umbilicW'1. Aperture abruptly expanded at maturity, 

trumpet like; peristome thin, the outer portion slightly sinuate. Inner volutions 

with a slit band as in Bucania. This is replaced in the outer half of the last whorl 

by a long narrow opening or slit which, however, does not extend to the apertural 

expansion, but is closed some distance behind it. Surface marked with simple or 

sublamellose lines of growth and more or less oblique, irregular and sometimes 

interrupted or wavy revolving lines. Type, S. megalostoma Eichwald 8p. 
AJIIERICAN SPECIES. 

S. buelli Whitfield sp. Stones River group. 
S. buelli, var. kentuckiensis Ulr. Black Riv. group. 
S. expansa Hall sp. Trenton group. 
1:3 sculptilis U. & S. Trenton group. 

S. imbl'iwtn U. & S. Richmond group. 
S. Tichmondel!sis Olr Richmood group 
1:3. canadensis Billings. Hudson River gruup. 
S. frutemus Billings. Hudslln RiYer group. 

EUROPEAN SPECIES. 

S. megalo.~toma Eichwald. Lower Silurian. S. locator Eichwalcl sp. Lower Silurian. 
S. compTesSCt Eichwalcl sp. 

TREMANOTUS, Hall.* In all re8pects like Salpingostoma exeepting that an 

expanded aperture is developed at frequent and regular intervals, and the dorsal 

slit closed at corresponding periods, so that, instead of a continuous long opening, 

there is a series of small, elongate ellipti~al perforations. Type, T. alplteus Hall. 
AJl1EIUCANSPECIES. 

T. alpheus Hall. Niagara group. 7: trigollostOnlU Hall & Whitfield. Niagara group. 
T. chicagoensis McOhesney sp. Niagara group. T. angustu/n Hall sp. Niagara. 

T. profunda Conrad sp. Lower Helderberg group. 

FOREIGN SPECIES. 

T. longitudinalis Lindstrom. Up. Silur., Gotland. T. compressus Lindstrom. Up. Silur., Gutland. 
T. maideni Etheridge, Jr. ? Triassic, New South Wales. 

CONRADELLA, n. gen. (Phragmolites, Conrad, 1838, Ann. Geol. Rep. New York, 

p.119.) Shell coiled symmetrically, general form as in Cyrtolites and Oxydiscus, the 

volutionsen1arging gradually and being strongly keeled dorsally. Aperture oval or 

• Twentielh Rep. New York St. Mus. Nat. Rist., p. 347; 1868. 
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subcordiform, widest in the middle or below, without callosities of any kind, nor 

with a sinus in the outer lip. From the aperture to a point about half around the 

dorsal circumference of the last volution there is a narrow open slit lying between 

two sharply elevated edges; behind this point the slit is closed over and forms an 

ordinary slit-band with distinct lunulrn. Surface with close or distant transverse 

imbricating lar,nellrn, the anterior edges of which are zigzagged and sometimes 

greatly spread out. Lamellrn plicated, the successive folds often arranged so as to 

form small revolving ridges; over all very fine lines of growth. Type, C. obliqua 

U. & S. 

C. Jimbl'iata U. $[, S. Stones River group. 
C. trinngularis U. $[, S. Stones Ri ver group. 
C. grandis Ulrich. Stones Ri ver group. 
C. obliquct U. & S. Black Ri ver group. 
C. compressa Oonrad sp. Trenton group. 
C. similis Ulrich. Trenton group. 

C. imbricata Meek & Worthen sp. Trenton gr. 
C. elegans Miller. Loraine group. 
C. bellula Ulrich. Loraine group. 
C. dyel'i Meek. Richmond group. 
C. clyeri, val'. cellulosa U. & S. Trenton. 
C. pannosa Billings. Hudson River group. 

OXYDISOUS, Koken.* (Tropidodiscus, :M:eel{,t Waagent, not Steininger, 1855.) 

Strongly compressed, disciform shells; volutions embracing very little, expanding 

gradually to the aperture, sharply keeled; aperture somewhat lanceolate or subtri

angular, without an inner callosity; outer lip with a deep V-shaped excision, 

continuing in the dorsal keel as a long and very narrow slit; behind the slit the 

summit of the keel may show a more or less distinct band with lunulrn, or merely a 

delicately bordered raised line. Surface markings consisting of growth lines only. 

These bend strongly backward in passing from the ventral side of the whorl to the 

keel. Type, O. imitator Koken. 

A~IERWAN RPECIES. 

O. acutus Sowerby sp. Lower Silurian. O. cristatu8 Safford sp .. Trenton. 
O. (lisettlus Billi ngs sp. Black Ri v. and Tren ton. O. 'YI)((gnus Miller sp. Oincinnati. 
O. sU/Jacutus Ulrich. Trenton. O. curvili'YIeatu.~ Conr. sp. Schoharie grit and Up. Held. 

According to Koken Euomphalus strongi Whitfield, a "Lower Magnesian" fossil, 
probably belongs here. 

EUROPEAN SPECIES. 

O. (Euomphalus) planissimlts Eichwald. Low. Siluro O. (Cyrtolites) orbiculus Lindstrom. Up. Silurian. 
O. (Purcellia) sC!ttigel'1l.~ Eichw. Upper Silurian. U. (Cyrtolit6S) deZ(tnonii (Ehlert. Low. Devonian. 
O. (Cyr/olites) disclls Linclstriim. Upper Silurian. O. imitator Koken. Middle Devonian. 

Fitmily BELLEROPHONTIIDlE. 

Symmetrically involute shells, the whorls enlarging rapidly, the mouth gener

ally expanded laterally and ventrally, not dorsally, the umbilicus mostly small or 

closed. Inner lip more or less thickened, the outer sinuate and centrally emarginate, 

"N . .Tarhbuch f. Mineralogie. et.c .. Betlageballd vi, p. 390; 1889. 
t Proc. Chicago Acad. SeL, vol. i. p. 0; 1866. 
:r. Pal. Judie ... ser. 13. pt.~. p.181; 1R80. 
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subcordiform, widest in the middle or below, without callosities of any kind, nor 

with a sinus in the outer lip. From the aperture to a point about half around the 

dorsal circumfereoce of the last volution there is a narrow open slit lying between 

two sharply elevated edges: behind this point the slit is closed over and forms an 

ordinary slit-band with distinct lunulm. Surface with close or distant transverse 

imbricating la1?ellm, the anterior edges of which are zigzagged and sometimes 

greatly spread out. Lamella>, plicated, the successive folds often arranged so as to 

form small revolving ridges; over all very fine hnes of growth. Type, C. obliqua 

U. & S. 

C . . fimbriatu U. & S. Stones River group. 
C. tri(t~lgul(ttis U. & s. Stones River group. 
C. grandis Ulrich. Stones Ri \'er group. 
C. oblirlUCt U. & S. mack River group. 
O. compressa Conrad sp. Trenton group. 
C. simi lis Ulrich. Trenton group. 

C. imbriwta Meek & Worthen sp. Trenton gr. 
C. elegans Miller. Loraine group. 
O. uellllia Ulrich. Loraine group. 
C. cZyel'i Meek. Richmond group. 
C. clyeri, var. cellulosa U. & S. Trenton. 
C. pannosa Billings. Hudson River group. 

OXYDISCUS, Koken.* (Tropidodiscus, Meek;;- Waagent, not Steininger, 1855.) 

Strongly compressed, disciform shells; volutions embracing very little, expanding 

gradually to the aperture, sharply keeled; aperture somewhat lanceolate or subtri

angular, without an inner callosity; outer lip with a deep V-shaped excision, 

continuing in the dorsal keel as a long and very narrow slit; behind the slit the 

summit of the keel may show a more or less distinct band with lunulm, or merely a 

delicately bordered raised line. Surface markings consisting of growth lines only. 

These bend strongly backward in passing from the ventral side of the whorl to the 

keel. Type, O. imitator Koken. 

AlIIERIUAN RPECIES. 

O. ((cutus Sowerby sp. Lower Silurian. O. cristatus Safford sp. 'I.'renton. 
G. cli.,wlus Billings sp. Bla('k Ri v. ami Tren ton. G. 1J]crgnlts Miller sp. Oincinnati. 
O. sulJacutus Ulrkh. Trenton. O. curviiineatus Conr. sp. Schoharie grit and Up. Held. 

According to Koken Euomphalus strongi Whitfield, a "Lower Magnesian" fossil, 

probably belongs here. 

EUIWPEAN SPECIES. 

O. (EIl01l2p7wlus) ]Jlallissi1J1]{'~ Eichwald. Low. Siluro O. (Cyrtolites) orbiwills Lindstrom. Up. Silurian. 
O. (Pol'cellia) srnti(/cl'lls Eichw. Upper Silurian. O. (Cyrtoiit6s) rlelanonii (Eb.lert. Low. Devonian. 
O. (CYl'iIJ/itesj ch'('l(s Linclstriim. Upper Silurian. O. imitator Koken. Middle Devonian. 

Family BELLEROPHONTIIDJE. 

Symmetrically involute shells, the whorls enlarging rapidly, the mouth gener

ally expanded laterally and ventrally, not dorsally, the umbilicus mostly small or 

closed. Inner lip more or less thickened, the outer sinuate and centrally emarginate, 

.,. ~,. Jo.rhbuclJ f. iIlillel'alogie. et.e .. ileilageb"ucl vi. p. 390; 1889. 
l' Pl'OC. Clliea,gu }\eucl. S('i.. vol. i. p. n; 186G. 
I:: Pal. J lid ira. Sf·],. 13. pt. ~. p. 1ill : IH80. 
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the slit short; slit-band always present. Surface with lines of growth only, or 

cancellated, the revolvicg lines straight and never oblique with respect to the 

longitudinal axis of the volutions, 

BELLEROPHON, Montfort (as restricted by Waagen). Symmetrically involute, 

subglobose shells, with or without an umbilicus, the latter never very large in the 

typical section; volutions more or less rounded on the back; aperture generally 

expanded, usually with a callosity on the inner lip; outer lip with a more or less deep 

central emargination behind which there is a well developed slit-band or an elevated 

.blunt keel; surface sculpture consisting of more or less strongly developed striCB of 

growth only. Type, B. vasulites Montfort. 
A~1ERICAN SPECIEf'. 

B. allegoricas White. Quebec gr. 
B. charon Billings. Black River, Trenton. 
B, tToosti (d'Orbigny) Safford. Trenton. 
B troosti, var. bu'rginensis Ulrich. Trenton. 
B. clausas Ulrich. Trenton. 
B. subglobulus Ulrich. Trenton. 
B. bilineatus Ulrich. Trenton. 
B. platystoma Meek & Worthen. Trenton. 
B. si'l1lilis U. & S. Trenton. 
B. l'ugosus Emmons. Lorai ne. 
B. reCUTVUS Ulrich. Loraine. 
E. capax Ulrich. Utica, Loraine. 
B. mohl'i Miller. Richmond g-roup. 
E. suuanguluTis Ulrich. Richmond group. 
B. miser Billings. Hudson River group. 
B. sp. undet. Niagara. 
B. plenus Billings. Gaspe. 
B. pelops Hall. Schoharie grit, Up. Held. 
B. propinquus Meek. Upper Helderberg. 
B. nactus Hall. Chemung. 
'lB. combsi Wakott. Devonian. 
B. gibsoni Wbite. St. Louis. 
B. subl03Vis Hall. St. Louis, Chester. 
B. crassus M. & W. Coal Measures. 
B. giganteus Worthen. Coal Measures. 
B. percarinatus Conrad. Coal Measures. 
B. trica1'inatus Shumard. Coal Measures. 

FOltEWN SPECIE~. 

B. fasciatlts Lindstriim. Upper Silurian. 
D. ylooullls Li ndstriim. Upper Siluriitn. 
11. 8phacm Linclstriilll Upper Silurian. 
n. lillcatu8 Gulclfuss Devonian. 
13. tlli)e/'culuttls d 'Orbigny. De von ian. 
11.vasalites Montfort. Carboniferous. 
E. i)icarenus Leveille. Carboniferous. 
B. recticostatlls De Koninek. Carboniferous. 
D. scrt/i/er De Koninek. Carboniferous. 
B. martini De Koninck. Carboniferuus. 
B. sulcat/iluo De Koninck. Carboniferous. 
B. fCI'I'1lssaci rl'Orbigny. Carboniferous. 
n. sow(Jrilyi d'Orbigny. Carbuniferolls. 
E. ccwali/ems Golclfuss. Carboniferous. 
B. tCllui/ascict Sowerb. Carboniferous. 
B. hill lens Sl)werby. Carboniferous. 
B. costatas Sowerby Carboniferous. 
JJ. plicatus llyckbold. Carboniferous. 
B. trmgentialis Phillips. Carboniferous. 
B. joncsianus DeKoninck. Permo-Carb. 
B. ol'ielltali.~ DeKoninck. Permo-Carb. 
B ilfflnis Waagen. Permo-Carbo 
B.imprc8snI; Waagen. Permo-Carbo 
B. sl)wmw.ttls Waagen. Permo-Carbo 
B. 1.Jlanclfurclialws Waagen. Permo-Carbo 
B. trirotyularis vVaagen. Permo-Carbo 

BUCANOPSIS, n. gen. (Ulrich.) (Bellerophon [part.] of' authors; Bucania [part.], 

Waagen, 1880, and Koken, 1889.) This name is proposed for shells agreeing in all 

respects with Bellerophon excepting that their surfaces are cancellated by regular 

revolving and transverse striCB. The volutions enlarge rapidly, giving a broadly 

expanded aperture; the umbilicus is of moderate size and may be closed entirely, 

while the inner lip is al ways somewhat thickened. The revolving lines are never 

oblique nor wrinkled. Type, B. carinijera, n. sp. (Ulrich.) 

A~IEl{ICAN SPECIES. * 
B. carinifera Ulrich. '.rrenton. 
B. exigua Foerste. Clinton. 

FOREIGN SPECIES. t 

B. gemma Lindstri.im. Upper Silurian. 
B. lcitevittata Lindstrom. Upper Silurian. 

* All, save the first, originally described under Belleropllon. 
l' The four species credited to Waagell were described under Bt(cania, all others under Bel1uG]Jil0'lI. 
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the slit short; slit-band always present. Surface with lines of growth only, or 

cancellated, the revolvicg lines straight and never oblique with respect to the 

longitudinal axis of the volutions. 

BELLEROPHON, Montfort (as restricted by Waagen). Symmetrically involute, 

subglobose shells, with or without an umbilicus, the latter never very large in the 

typical section; volutions more or less rounded on the back; aperture generally 

expanded, usually with a callosity on the inner lip; outer lip with a more or less deep 

central emargination behind which there is a well developed slit-band or an elevated 

.blunt keel; surface sculpture consisting of more or less strongly developed strice of 

growth only. Type, B. vasulites Montfort. 
A~IERICAN SPECIEt-;o 

B. ollegoric«s White. Quebec gr. 
B. charon Billings. Black River, TrelJton. 
B. tToosti (d'Orbigny) Safford. Trenton. 
B troosti, var. bu'rgineHsis Ulrich. Trenton. 
B. clausus Ulrich. Trenton. 
B. sllugloblllus Ulrich. Trenton. 
B. bilineatus Ulrich. Trenton. 
B. platystoma Meek & Worthen. Trenton. 
B. similis U. & S. Trenton. 
B. l'ugosus Emmons. Loraine. 
B. recurvus Ulrich. Loraine. 
ll. mpax Ulrich. Utica, Loraine. 
B. mohri Miller. Richmond O(roup. 
E. subangulm'is Ulrich. Richmond group. 
B. miser Billings. Hudson Ri ver group. 
B. sp. undet. Niagara. 
B. plen1ls Billings. Gaspe. 
B. pelops Hall. Schoharie grit, Up. Held. 
B. vropinquus Meek. Upper Helderberg. 
B. nactus Hall. Chemung. 
'fR. combsi Wakott. Devonian. 
B. gibsoni White. St. Louis. 
B. sublmvis Hall. St. Louis, Chester. 
B. crass us M. & W. Coal Measures. 
B. giganteus Worthen. Coal Measures. 
B. percarinatu8 Conrad. Coal Measures. 
B. tl'ica1'inatus Shumard. Coal Measures. 

FOltEWN SPEOIE~. 

B. fl(sciutlls Lindstriirn. Upper Silurian. 
D. ylobulw; Li ndstriim. Upper Siluriitn. 
B. sp/wcm Lindstriilll Upper Silurian. 
n. lineatus Goldfuss Devunian. 
13. tlliJel'Culuttls d'Orbigny. D~vunian. 

lJ.v((sulites Montfort. Carboniferuus. 
n. iJical'enus Leveille. Carbuniferous. 
B. recticostatlls De Koninek. Carbuniferous. 
n. scrdi/el' De Koninck. Carboniferous. 
lJ. martini lJe Kuninck. Carbuniferous. 
B. Stllwttilw; De Koninck. Carbuniferous. 
B. fCl'l'llssaci rl'Orbigny. Carboniferous. 
n. sowerl)./fi d'Orbigny. Carbuniferolls. 
E. cwwlijimu; Gold fuss. Carbon i ferous. 
IJ. tClluif«(scia Sowerb. Carboniferous. 
B. hilllcl(s Sl)werby. Carboniferous. 
B. costatas Sowerby Carboniferous. 
lJ. plicatus Ryckhold. Carboniferolls. 
B. trmgentiaZis Phillips. Carboniferous. 
B. jonesiUlws DeKoninck. Permo-Carb. 
B. orientali.~ DeKoninck. Permo-Carb. 
n uff1nis Waagen. Permo-Carbo 
B.imprcsstu; Waagen. Pernw-Carb. 
B. S')UlWW.ttlS Waag·en. Permo-Carbo 
B. iJlaH(/jul'cliallH8 Waagen. Permo-Carb. 
B. tl'ia'HljulaJ'io vVaagen. Permo-Carbo 

BUCANOPSIS, n. gen. (Ulrich.) (Bellcrophon [part.] of' authors; Bucania [part.], 

Waagen, 1880, and Koken, 1889.) This name is proposed for shells agreeing in all 

respects with BellerolJhon excepting that their surfaces are cancellated by regular 

revolving and transverse strice. The volutions enlarge rapidly, giving a broadly 

expanded aperture; the umbilicus is of moderate size and may be closed entirely, 

while the inner lip is always somewhat thickened. The revolving lines are never 

oblique nor wrinkled. Type, B. carimfera, n. sp. (Ulrich.) 

AMEHIOAN SPECIES. * 
B. carini/era Ulrich. '.rrenton. 
B. exigua Foerste. Olin ton. 

FOREIGN SPEOIES. t 
B. gemma Lindstri:irn. Upper Silurian. 
B. lc£tevittctia Lindstrom. Upper Silurian. 

* All, save the first, originally described under Belleroplwn. 
t The four species credited to Waagen were describtd under llt(cania, all otheIS una er Bello LjJl'0'J(. 
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AJ\IElaCAN t'l'ECIES. 

B. lecla Hall. Hamilton. 
B. lineola/a Hall. Hamilton. 
B. lyra Hall. Hamil ton. 
E. 1'epcrtct Hall. Hamilton. 
B. mtct/inea Hall. Hamilton. 
B. tC3;tilis Hall. St. Louie. 
B. nwrCOllana Geinitz. Upper Coal Meas. 
. ? B. elliptiw McOhesney. Upper Coal Meas. 
? B. 7mnsasensis Shumard. Upper Coal Meas. 
lB. mce7.:ana Swallow. Upper Ooal Meas. 

lBellerophontlldoo. 

FOREIGN SPECIES. 

E. subdecussata McOoy. Upper Silurian. 
B. substriata Krause. Upper Silurian. 
B. negleeta Koken. Devonian. 
B. elathrata d'Orbigny. Carboniferous. 
B. clecu .• sata Fleming. Carboniferous. 
B. elegans d'Orbigny. Oarboniferous. 
B. st1'iata Fleming. Oarboniferous. 
B. textilis De Koninck (not Hall). Oarboniferous . 
B. Ctllgustijasciata Waagen. Permo-Oarb. 
B. integra Waagen. Permo·Oarb. 
B. kattaen"is Waagen. Permo-Oarb. 
B. ornatissima Waagen. Permo-Oarb. 

The position of the last three species in the list of American species is some

what doubtful. They should perhaps be placed with the Bellerophon patulus group 

( Patellostiwn). 

PATELLOSTIUM, Waagen (emend.). (Patellostium, Waagen, Phragmostoma, Waagen 

[not Hall], Paleontologica Indica, ser. 13, pt. 2, p. 131; 1880.) In this group of 

chiefly Devonian species the characters of the shell may be said to agree in the 

main with Bucanopsis, though this agreement consists chiefly in the fact that both 

have revolving surface lines. Still, even these are not exactly as in Bucanopsis, 

being generally weaker (sometimes very much so) than the transverse lines and 

easily abraded. But the principal peculiarities lie in the greatly expanded aperture 

and the extent to which the inner lip is thickened and reflexed. The callosity is 

sometimes granulose and it may be cut out where it touches the dorsum of the 

preceding whorl, reminding one in both respects of Protowarthia. In our opinion 

these striking forms should be separated from Bellerophon and Bucanopsis. The 

only difficulty is in regard to the name by which the group may be known. Waagen 

distinguished his Palellostium from Phragmostoma upon what, in the absence of 

other differences, we cannot regard as a generic character.* The latter being the. 

older name might be employed, only it is well known that what Waagen understood 

under that name is not the same as the original Phragmostoma, which is ~dentical 

with Carinaropsis. Patellostium, on the other hand, is founded upon Roemer's 

Bellerophon macroston£a, which, unfortunately, is as yet known only from casts of the 

interior. Still, as it is highly probable that Roemer's species is congeneric with B. 

pat1l11ls Hall, we would suggest that Patellostium be so amended that it will include 
the following American species: 

BellerophOIl newbenyi Meek. Upper Helderberg. B. rudis Hall. Hamilton. 
B. IW/(((01' Hall. Hamilton. B. explanatus Hall. Ohemung. 
B. pattllus Hall. Hamilton. B. t1'iliratus Hall. Chemung. 

B. montjortctnus Norwood & Pratten. Coal Measures. 

'"'' * In the first t,he inner lip is said to be entire, in the other "cut out where it touches the preceding whor]," 
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A MEl:ICAN "rECrES. 

B. leela Hall. Hamilton. 
B. lineoln/a Hall. Hamiltun. 
B. l!lra Hall. Hamilton. 
B. TepcrtCt Hall. Hamil ton. 
B. mtct/inca Hall. Hamilton. 
B. tC3;tilis Hall. St. Louie. 
B. nwrcoumw Geinitz. Upper Coal Meas. 
·?B. elliptiw McOhesney. Upper Coal Meas. 
;'B. Imnsasensis Shumard. Upper Coal Meal';. 
!B. mcel.:ana Swallow. Upper Coal Meas. 

lBellerophontlldoo. 

FOREIGN SPECIES. 

B. subdeeussata McCoy. Upper Silurian. 
B. substriata Krause. Upper Silurian. 
B. negleeta Koken. Devonian. 
B. clathrata d'Orbigny. Carboniferous. 
B. decu.<sata Fleming. Carboniferous. 
B. elegans d'Orbigny. Carboniferous. 
B. sh'iata Fleming. Carboniferous. 
B. textilis De Koninck (not Hall). Carboniferous. 
B. cwgusti/asciata Waagen. Permo-Carbo 
B. integra Waagen. Permo-Carbo 
B. kattaen"is Waagen. Permo-Carbo 
B. ornatissima Waagen. Permo-Carbo 

The position of the last three species in the list of American species is some

what doubtful. They should perhaps be placed with the Bellerophon patulus group 

( Patellostium). 

PATELLOSTIUM, Waagen (emend.). (Patellostium, Waagen, Phragmostoma, Waagen 

[not Hall], Paleontologica Indica, ser. 13, pt. 2, p. 131; 1880.) In this group of 

chiefly Devonian species the characters of the shell may be said to agree in the 

main with Bucanopsis, though this agreement consists chiefly in the fact that both 

have revolving surface lines. Still, even these are not exactly as in Bucanopsis, 

being generally weaker (sometimes very much so) than the transverse lines and 

easily abraded. But the principal peculiarities lie in the greatly expanded aperture 

and the extent to which the inner lip is thickened and reflexed. The callosity is 

sometimes granulose and it may be cut out where it touches the dorsum of the 

preceding whorl, reminding one in both respects of Protowarthia. In our opinion 

these striking forms should be separated from Bellerophon and Bucanopsis. The 

only difficulty is in regard to the name by which the group may be known. Waagen 

distinguished his Patellostium from Phragmostoma upon what, in the absence of 

other differences, we cannot regard as a generic character.* The latter being the. 

older name might be employed, only it is well known that what Waagen understood 

under that name is not the same as the original Phragmostoma, which is ~dentical 

with Carinaropsis. Patellostiurn, on the other hand, is founded upon Roemer's 

Bellel'ophon macrostom-a, which, unfortunately, is as yet known only from casts of the 

interior. Still, as it is highly probable that Roemer's species is congeneric with B. 

patullls Hall, we would suggest that Patellostiurn be so amended that it will include 

the following American species: 

Bclle)'opholl newbenyi Meek. Upper Helderberg. B. ~'udis Hall. Hamilton. 
B. !laiCltoJ' Hall. Hamilton. B. explanatus Hall. Chemung. 
B. paiulus Hall. Hamilton. B. triliratus Hall. Chemung. 

B. montjoJ'tctnu.s Norwood & Pratten. Coal Measures. 

* In tbe first t.he inner lip j, said to be entire, in the other "cut out where it touches the preceding whorl." 
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Bellflrophontiidre.] 

EUPHEMUS, McCoy* (emend., Waagen-\"). Shell more or less globular or lenticu- . 

lar; whorls rounded, embracing so that there is no umbilicus; aperture not abruptly 

expanded, with the outer lip bilobed, the central insinuation moderately deep and 

rather wide; slit-band wide, defined on each side by a thin or thicker ridge; inner lip 

somewhat callons in its lateral parts, while the central portion spreads itself as a 

thin, longitudinally folded sheet over the inner volutions. rrhese revolving ridges, 

or, as Waagen calls them, columellar folds, extend a greater or less distance beyond 

the aperture, in some cases reaching a point half around the last whorl. Beyond 

them to the outer edge of the aperture the surface usually appears smooth, but in 

perfectly preserved specimens it presents very fine lines of growth running parallel 

with the outline of the aperture. Type, E. urii Fleming sp. 

Both McCoy and Waagen deny the existence of a slit-band, but Koken maintains 

(op. cit., p. 393)-and, so far as the American species are concerned, we have material 

before us which permits us to sustain his assertion with absolute certainty-that it 

was always present. That it often, indeed generally, appears to be absent is due to 

the extreme liability of the outer or sculpture bearing layer of the shell to destruc

tion, while on the inner volutions it is covered by the revolving columellar folds. 

For further remarks see under ... Wogulia (page 856.) 

AlIIERICAN SPECIES. 

E. (Bellerophon) carbonal'ius Cox. Coal Meas. E. (Bellerophon) nwclocarilLutus Hall. Coal Meas. 

FOREIGN SPECIES. 

E. (Bellerophon) orbignymws Portlock. Carboniferous. Europe. 
E. urii Fleming sp. Carboniferous. Europe. 
E. indicus Waagen. Permo-Carboniferous. India. 
E. apertus Waagen. Permo-Carboniferus. India. 
E. laevis Waagen. Permo-Carboniferous. India. 
E. lenticularis Waagen. Permo-Carboniferous. India. 

WARTHIA, Waagen.t Smooth globular non-umbilicated shells, with a broad 

and rather deep rounded sinus in the outer lip, but without either a slit or slit-band. 

Inner lip only very slightly thickened, not extensive nor 8preading (as in 

Protowarthia) over the umbilical regions. Aperture without lateral expansions. 

No revolving lines; strial of growth very indistinct. Type, W polita Waagen. 

This genus is readily distinguished from Bellerophon by the breadth of the 

sinus in the outer lip and the entire absence of a slit-band. It is however singu

larly like the early Paleozoic group of shells for which we have created the genus 

Protowarthia. For comparisons and remarks on the probable significance of this 

and the preceding genus see below under Mogulia. So far as known Warthia 

is not represented in American strata. Waagen describes three species from the 

* Synop. Carbo Foss. Ireland, p. 25; 1862. 
t Pal. Indica, sar. 13, pt. 2, pp. 131, 163. * Pal. Indica, ser. 13. pt. 2, pp. 131, 158; 1880. 

GAS'fROPODA. 855 
BellAropbontlldre.] 

EUPHEMUS, McCoy* (emend., Waagen-\"). Shell more or less globular or lenticu- . 

lar; whorls rounded, embracing so that there is no umbilicus; aperture not abruptly 

expanded, with the outer lip bilobed, the central insinuation moderately deep and 

rather wide; slit-band wide, defined on each side by a thin or thicker ridge; inner lip 

somewhat callous in its lateral parts, while the central portion spreads itself as a 

thin, longitudinally folded sheet over the inner volutions. rrhese revolving ridges, 

or, as Waagen calls them, columellar folds, extend a greater or less distance beyond 

the aperture, in some cases reaching a point half around the last whorl. Beyond 

them to the outer edge of the aperture the surface usually appears smooth, but in 

perfectly preserved specimens it presents very fine lines of growth running parallel 

with the outline of the aperture. Type, E. urii Fleming sp. 

Both McCoy and Waagen deny the existence of a slit-band, but Koken maintains 

(op. cit., p. 393)-and, so far as the American species are concerned, we have material 

before us which permits us to sustain his assertion with absolute certainty-that it 

was always present. That it often, indeed generally, appears to be absent is due to 

the extreme liability of the outer or sculpture bearing layer of the shell to destruc

tion, while on the inner volutions it is covered by the revolving columellar folds. 

For further remarks see under ... Wogulia (page 856.) 

AlIIERICAN SPECIES. 

E. (Bellerophon) carbonal'ius Oox. Ooal Meas. E. (Bellel'ophon) mocloC(trinutus Hall. Coal Meas. 

FOREIGN SPECIES. 

E. (Bellerophon) orbignymws Portlock. Oarboniferous. Europe. 
E. urii Fleming sp. Oarboniferous. Europe. 
E. indicus Waagen. Permo-Carboniferous. India. 
E. apertus Waagen. Perrao-Oarboniferus. India. 
E.laevis Waagen_ Permo-Oarboniferous. Inclia. 
E. lenticularis Waagen. Permo-Carboniferous. I nelia. 

WARTHIA, Waagen.t Smooth globular non-umbilicated shells, with a broad 

and rather deep rounded sinus in the outer lip, but without either a slit or slit-band. 

Inner lip only very slightly thickened, not extensive nor 8preading (as in 

Protowarthia) over the umbilical regions. Aperture without lateral expansions. 

No revo] ving lines; striffi of growth very indistinct. Type, W polita Waagen. 

This genus is readily distinguished from Bellel'ophon by the breadth of the 

sinus in the outer lip and the entire absence of a slit-band. It is however singu

larly like the early Paleozoic group of shells for which we have created the genus 

Protowarthia. For comparisons and remarks on the probable significance of this 

and the preceding genus see below under Mogulia. So far as known TV artlda 

is not represented in American strata. Waagen describes three species from the 

• Synop. Carbo Foss. Ireland, p. 25; 1862. 
t Pal. IndIca, ser.13, pt. 2, pp. 131, 163. 
t Pal. IndIca, ser. 13. pt. 2, pp. 131. 158; 1880. 
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Permo-Carboniferous of India, TV. poWa, W. brevisinuata and W. lata. To these he 

adds three Australian species, Bell. undulatus Dan., Bell. sir ictus Dan., and Bell. 

micromphalus Morr. 

MOGULIA, Waagen. (Pal. Indica, ser. 13, pt. 2, pp. 131, 156; 1S80.) General 

appearance of shell as in Bellel'ophon, from which ~t differs in having no slit nor slit

band, and only a shallow angular emargination in the outer lip. Surface markings 

consisting of line8 of growth only. These are broad and strong and cross over the 

dorsum without further interruption than is occasioned by the sharp central bend. 

Only known species, ]1. regttlaris Waagen, Permo-Carboniferous of India. 

This and the two preceding genera, Euphemus and Warthia, are of unusual 

interest because we believe they show that in the decline of the family it actually 

retraced its steps by the adoption of primitive characteristics. In other words we 

regard them as atavistic types in which the progressive development of the indi

vidual was arrested in the embryo, and in which, because of the failure to develop 

the adult features of their immediate ancestors, certain characters that under 

previous conditions were larval only became permanent. In the Devonian and 

Carboniferous Bellerophontiidce the suborder obtained the hight of its development, 

and this was not reached until after the extinction of all the other families. The 

decline, which obviously was very rapid, took place during the time immediately 

preceding the close of the Paleozoic age. Facts like these permit us to assume that 

the three genera under consideration are retrograde descendants of Carboniferous 

Bellerophontiiclce and not remnants of types that flourished only in Cambrian and 

Lower Silurian times. Besides, this idea is entirely harmonious with laws that 

have been shown to operate in other branches of zoology, and according to which 

the earliest and latest representatives of a group of organisms may be more like 

each other than either is like intervening st~Lges in the rise, acme and decline of the 

line of evolution to which they belong. 

Mogulia, in the absence of a slit-band, the shape of the outer lip, the form of the 

aperture, and even in the strength and course of the lines of growth on the dorsum, 

compares closely only with Owenella, that most ancient of all the Bellerophontacea. 

Wartliia, excepting that it has no spiral surface lines, nor those grano-lineate exten

sions of the inner lip, is precisely like that important group of Lower Silurian 

shells which we have called ProtolUarthia. Euphemus, again, in its broad and ridge

bordered slit-band, in the shape of the aperture, indeed in the form and characters 

of the whole shell, recalls the Lower 8ilurian genus Tetmnota probably more than 

eitller OlVenella and ProtolUarthia. But in the spiral columellar folds which spread 

over the umbilical regions and a large part of the dorsum of the last volution, we 
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Permo-Carboniferous of India, TV. polita, TV. brevisinuata and W. lata. To these he 

adds three Australian species, Bell. undulatus Dan., Bell. strictus Dan., and Bell. 

micromphalus Morr. 

MOGULIA, Waagen, (Pal. Indica, ser. 13, pt. 2, pp. 131, 156; 1880.) General 

appearance of shell as in Bellerophon, from which ~t differs in having no slit nor slit

band, and only a shallow angular emargination in the outer lip. Surface markings 

consisting of line::; of growth only. These are broad and strong and cross over the 

dorsum without further interruption than is occasioned by the sharp central bend. 

Only known species,]{ r'egularis Waagen, Permo-Carboniferous of India. 

This and the two preceding genera, Euphemus and Warthia, are of unusual 

interest because we believe they show that in the decline of the family it actually 

retraced its steps by the adoption of primitive characteristic::;. In other words we 

regard them as atavistic types in which the progressive development of the indi

vidual was arrested in the embryo, and in which, because of the failure to develop 

the adult features of their immediate ancestors, certain characters that under 

previous conditions were larval only became permanent. In the Devonian and 

Carboniferous Bellerophontiidce the suborder obtained the hight of its development, 

and this was not reached until after the extinction of all the other families. The 

decline, which obviously was very rapid, took place during the time immediately 

preceding the close of the Paleozoic age. Facts like these permit us to assume that 

the three genera under consideration are retrograde descendants of Carboniferous 

BeUerophontiidce and not remnants of types that flourished only in Cambrian and 

Lower Silurian times. Besides, this idea is entirely harmonious with laws that 

have been shown to operate in other branches of zoology, and according to which 

the earliest and latest representati ves of a group of organisms may be more like 

each other than either is like intervening stages in the rise, acme and decline of the 

line of evolution to which they belong. 

Mogulia, in the absence of a slit-band, the shape of the outer lip, the form of the 

aperture, and even in the strength and course of the lines of growth on the dorsum, 

compares closely only with Owenella, that most ancient of all the Bellerophontacea. 

Warth ia, excepting that it has no ::lpiral surface lines, nor those grano-lineate exten

::lions of the inner lip, is precisely like that important group of Lower Silurian 

shells which we have called ProtolVarthia. Euphemus, again, in its broad and ridge

bordered slit-band, in the shape of the aperture, indeed in the form and characters 

of the whole ::;hell, recalls the Lower 8ilurian genus Tetranota probably more than 

either OlVenella and ProtolUMthire. But in the spiral columellar folds which spread 

over the umbilical regions and a large part of the dorsum of the last volution, we 
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Carinaoopsldm.J 

have an extravagant development of the delicate grano-lineate extension of the 

inner lip which is the principal difference between Protowarthia and Warthirl. 

The points brought out in the foregoing paragraph are significant and indicate, 

we believe, that Owenella and Protowarthia, followed by some Tetranota-like type, 

were important stages in the development of Bellerophon. The types named are 

obviously progressive. The first has no slit-band and only a very shallow sinus, the 

second is still without the band but has a broad and deep sinu;,;, while the third and 

fourth have a narrow and very deep parallel-sided sinus or slit which with the 

growth of the shell causes the formation of a slIt-band. 

STACHELLA, Waagen. (Pal. Indica, ser. 1B, pt. 2, pp. 132, 171; 1880.) Shells 

agreeing in all respects with Bellerophon excepting that they are smoother and some

what unsymmetrically coiled, there being an umbilicus on one side and none, or at 

any rate a shallow one, on the other .. Type, S. b£ji'ons Waagen. 

So far as known no shells of this type have yet been found in A mel'ican deposits. 

Two species occur in the Permo-Carboniferous of India, and five in the Permian of 

the Alps. The latter are described by Stache in his monograph of the fauna of the 

Bellerophon limestone. Regarding the genus, it seems to mark an important 

departure from the ordinary types of the family. We suspect that Stacliella may be 

the radical of the ophisthobranchs, but this is a mere suggestion. The Cretaceous 

Bellerophina, d'Orbigny, is a similarly unsymmetrical shell, but has no slit-band and 

only a shallow emargination of the outer lip. 

Family CARIN AIWPSIDiK 

Symmetrical, almost patelliform shells, the aperture being greatly expanded; 

apex small, involute, overhanging the posterior margin, consisting of no more than 

two volutions. Within the aperture a broad concave septum. Anterior lip with a 

central emargination. 

This family embraces a small group of Lower Silurian shells that is readily dis

tinguished from other bellerophontids by the internal septulll. We believe that it 

should include also the genus Pterotheca, which is now almo~t nniver;,;ally referred 

to the Pteropoda. A discussion of the. affinities of this genus will be found under 

Carinaropsis. 

CARINAROPSIS, Hall.* (Phragmostoma, Hall,';' not Waagen.t) Shell consisting of 

little more than two volutions, the inner one very small, scarcely embraced by the 

outer, and shown in the umbilicus; outer volution greatly expanded, the whole shell 

appearing somewhat patelliform; dorsum carinate, the carina sharp on the inner 

* PahBontolog.v of New York. vol. i, p. 183; 1847. 
t Fourteenl;h Rep. N. Y. St. Mus. Nat. [list., p. \H; 1861. 
* Palre<Jflt<Jlogica In<,lica, ser. 13, pt. 2, p. 131; 1880. 
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have an extravagant development of the delicate grano-lineate exten:-;ion of the 

inner lip which is the principal difference between Protowarthia and Warthirl. 

The points brought out in the foregoing paragraph are significant and indicate, 

we believe, that Owenella and Protowarthia, followed by some Tetmnota-like type, 

were important stages in the development of Bellerophon. The types named are 

obviously progressive. The first has no slit-band and only a very shallow sinus, the 

second is still without the band but has a broad and deep sinu;,;, while the third and 

fourth have a narrow and very deep parallel-sided sinus or slit which with the 

growth of the shell causes the formation of a slIt-band. 

STACHELLA, Waagen. (Pal. Indica, ser. 1B, pt. 2, pp. 132, 171; 1880.) Shells 

agreeing in all respects with Bellerophon excepting that they are smoother and some

what unsymmetrically coiled, there being an umbilicus on one side and none, or at 

any rate a shallow one, on the other .. Type, S. b£ji'ons Waagen. 

So fa,r as known no shells of this type have yet been found in A mel'ican deposits. 

Two species OCCUI' in the Permo-Carboniferous of India, and five in the Permian of 

the Alps. Tbe latter are described by Stacbe in his monograpb of the fauna of tbe 

Belleropbon limestone. Regarding tbe genus, it seem:-; to mark an important 

departure from the ordinary types of the family. We suspect that Stacliella may be 

the radical of the opbisthobranchs, but this is a mere suggestion. Tbe Cretaceous 

Bellerophina, d'Orbigny, is a similarly unsymmetrical shell, but has no slit-band and 

only a shallow emargination of the outer lip. 

Family CARINAIWPSID}K 

Symmetrical, almost patelliform shells, the aperture being greatly expanded; 

apex small, involute, overhanging tbe posterior margin, consisting of no more than 

two volutions. Within the aperture a broad concave septum. Anterior lip witb a, 

central emargination. 

This family embraces a small group of Lower Silurian shells that is readily dis

tinguished from other bellerophontids by the internal septum. We believe tbat it 

should include also the genus Pterotheca, which is now almost nni versally referred 

to the Pteropoda. A discussion of the. affinities of this genus will be found under 

Carinaropsis. 

CARINAROPSIS, Hall. * (Phragmosto1Jta, HallJ not Waagen.t) Shell consisting of 

little more than two volutions, the inner one very small, scarcely embraced by the 

outer, and shown in the umbilieus; outer volution greatly expanded, the whole shell 

appearing somewhat patelliform; dor.mm carinate, the carina sharp on the inner 

* P<l.iooontoiogy of New York. vol. i, p. 183; 1847. 
tFourteenth Rep. N. Y. St. Mus. Nat. Rist., p. Ill; 186l. * Palreautulogica Indica. ser. 13, pt. 2. p. 131; 1880. 
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whorls but becoming less angular if not quite obsolete in nearin~ the apertural 

margin; slit-band occasionally distinguishable; outer lip of aperture thin, sinuate 

and notched centrally; inner lip entire where it touches the preceding volution; 

within the edge it is first deeply concave, then produced into a broad thick flattened 

plate or septum, which extends a considerable distance into the aperture; upper 

surface of septum with a low but well defined median ridge; inner aperture covered 

(always~) by a triangular flat operculum. Type, C. carinata Hall. 
O. ((ClItCt U. $:0 8. Blacle River group. 
O. minima U. $:0 S. Black River group. 
O. plwlerrt Sarcleson. Black River group. 

O. cym/mla Hall. 

O. carinata Hall. Trenton group. 
O. cunulre Hall. Trenton group. 
O. explanata Ulrieh. Top of Trenton group. 

"Hudson River group." 

Genus CYRTOLITES, Conrad. 

Oyrtolites, CONHAD, 1838, Ann. Rept. Nat. Hist. Surv. N .. Y., p.ll8. 
Cyrtolites (part.), Hall, 1841, Pal. N. Y., vol. i, p. 187. MILLEH, 1874, Cin. Quart. Jour. ScL, vol. i, p. 

308; also 1889, N. A. Geol. and Pal., p. 401. WAAGEN, 1880, Pal. Indica, 
ser. 13, pt. 2, p. ] 32. LINDSTROllf, 1884, Silurian Gastropoda of Gotland, 
p. 81. 

For generic characters ~ee page 846. 

Restricting this genus to species of the type of C. ornatus Conrad, we have 

an isolated group of a shells that we find most difficult to classify satisfactorily. 

Despite the fact that authors have so generally agreed in uniting with the group 

that other peculiar type which we separate as Conradella, there is in reality but 

very little reason for considering them as related and much less as identical. In 

discussing that genus on a following page it is shown, we believe, to the satisfac

tion of every fair-minded student that Conradella, with its long dorsal slit and 

imbricated lamellm, is nearer Bucania, Salpingostoma and Tremanotus than to 

Cyrtolites. Indeed, we cannot see how an unprejudiced comparison of Conradella 

and Cyrtolites can fail to impress the observer with the conviction that the two 

groups of species are not only generically distinct, but not even closely related. 

Cyrtolites has been loosely employed by most authors for symmetrically in

volute, disciform shells, having the dorsum carinate or angular and the umbilicus 

broad so as to expose the inner volutions. These characters pertain to several 

widely distinct genera, and to use them as characteristic of a single genus is to bring 

together a most heterogeneous assemblage of forms. Thus we have among the 

species that have been referred to Cyrtolites several belongin~ to Oxydiscus, Roken 

(Tropidiscus, Meek), a genus that is nearer Bucania and Bellerophon; several of 

Conruclella, which, as we have said, is nearer Bucania/ and all of the species com

prised in the new genns Cyrtolitina. Lindstrom and others have thought that 

Porcellia, even, is the same as Cyr·tolites. With equal propriety we might refer to 

the same generic group al'3o the recent genu'l:Atlanta! 
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But this will not do, for it would be nothing less than ignoring most palpable 

facts. We must return to the original type, C. ornatus, and restrict the genus to 

species possessing essentially the same generic peculiarities. After the characters 

mentioned in the first sentence of the preceding paragraph, which brings us 

down in the identification of the genus to four or five similarly constructed types, 

these peculiarities consist of (1) the subquadrangular cross-section of the whorls, 

(2) the simple and sharp edged or minutely serrated character of the dorsal 

carina, (3) the total absence of a slit-band and (4) the pattern of the surface 

markings which, with a single exception, differs from that of all other beller

ophontids. The second and third of the features is shared by Oxycliscus, but as 

the latter has more numerous and more compressed volutions, a much deeper 

apel'tural emargination and slit, and lines of growth only, there is little trouble 

in separating it from Cyrtolites. Conradella is distinguished by its slit-band and 

remarkably long apertural slit, by the rounded or cordate section of its whorls, 

and by its strongly imbricating and wavy surface lamella;; Porcellia has a long 

slit like Conradella, rounded volutions, the inner ones unsymmetrically coiled, and 

different surface markings. For comparisons with Cyrtolitina, which of all the 

Bellerophontid(J3 at present seems to be the nearest, see remarks on that genus 

(some pages hence). 

Such strong resemblances are to be traced between casts of species of Car,i

naropsis and Cyrtolites, that, despite our strong assertion to the contrary on a later 

page, we would really not be surprised if future discoveries should prove that the 

two genera are related genetically. At present, however, the origin of that genus 

is enveloped in the greatest obscurity. As to Cyrtolites, it may have sprung from 

Cambrian Stenotheca. 

The species remaining under the genus as restricted are not many, and all (six) 

about which there is no doubt are illustrated in this work. Four of the six are 

descrihed as new. Of the other American species that have been referred to the 

genus, C. compressus Conrad, C. dyeri Hall, C. elegans Miller, C. imbricatlls Meek & 

Worthen, and C. pannosu~ Billings, belong to Conradella j C. magnlls Mi1Jer and C. 

cristatus Safford, to Oxydiscusj C. nitidus Ulrich, to Cyrtolitina; C. slIbcarinatus 

Emmons, probably to Carinaropsis. C. filosus Emmons and C. t},Cldonensis Conrad are 

Cephalopoda; while the remaining forms, C. desideratus Billings, C. expausus Hall, C. 

gil/anus White & St. John, C. sinuatus Hall & Whitfield, and C. sinllosus Hall, are too 

little known to be placed with anything like certainty. Of European species that 

have been referred to Cyrtolites perhaps none really belong there. C. delanouei 

(Ehlert, and C. orbiculus Lindstrom doubtless belong to Oxydiscus, to which we are 

inclined to refer C. discus Lindstrom as well, although it has a distinct slit-band 
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which should not be the case in a true Oxydiscus. Perhaps it would be better to 

place the last species, together with C. eU'ryomphalus Lindstro~, into our new genus 

Cyrtolitina, which is more especially intended for the reception of four other Gotland 

shells described by Dr. Lindstrom as Cyrtolites lamellifer, O. pharetra, O. arrosus and 

C. obliquus. 
CYRTOLITES ORNATlTS Oonrad. 

PLATE LXII, FIGS. 27-31. 

CY1·to!ites ornatu8 CUNRAD, 1838, Ann. GeoI. Rept. N. Y., p- 118; Ibid. (1839), p. 63; Ibid. (1841), p. 37. 
V ANUXEM, 1842, Geol. Rept., p_ 65, fig. 2. ElI'[lIIONS, 1842, Geol. Rept., p. 
402, fig. 2. HALL, 1847. Pal. N. Y., vol. i, p. 308, pI. LXXXIV, figs. la-g. 
MEEK, 1873, Pal. Ohio, vol. i, p. 148, pI. XIU, figs. 3a, b. ~ILLER, 1874, Cin. 
Qua~t. Jour. SeL, vol. i, p. 308. And of many other authors. 

Shell varying in diameter between 12 mm. and 30 mm., with the average at 

about 23 mm. Volutions two or three, rapidly increasing in siz-e, strongly and 

sharply carinate dorsally, rhombic subquadrate in section; -sides prominent and 

subangular or narrowly rounded along a line about three-fifths of the hight of the 

volution within the dorsal carina, the dorsal slopes gently convex and distinctly 

undulated by strong slightly curved transverse furrows and subangular ridges, the 

ventral or umbilical slopes almost flat and usually without undulations; ventral side 

with a sharp central furrow for the reception of the dorsal carina of the preceding -

volution. Umbilicus well defined, wide and deep, the edge wavy. Aperture a little 

wider than high, the hight equalling usually a trifle more than half the greatest 

diameter of the shell, more or less rhombic-subquadrate, the outline often becoming 

a little rounded with age. Entire surface covered by a delicate network formed of 

raised lines running almost straight across the whorls and short connecting lines 

arranged alternately, the result being somewhat similar to the pitting of a thimble. 

In a good light the network is generally distinguishable without the aid of a magni

fier, and, excepting three specimens. quite uniform in strength in different shells, 

there being on the outer half of the last whorl nearly always seven or eight of the 

transverse lines and eight or nine of the short lines in.2 mm. In the excepted 

specimens the network is more compact, there being over the outer part of the last 

whorl from ten to twelve of the transverse lines in the same space. On another, 

with the reticulation unusually coarse, the number averages between six or seven. 

On the last specimen a good magnifier brings out some very fine lines of growth 

running through the network. It is important to note that there is no perceptible 

backward curvature of the transverse lines in nearing and crossing the dorsal 
carina. 

The above description applies to the species as it occurs in the groups of the -

Cincinnati period wherever these are exposed in the United States and Canada. In 
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its typical form the species is not known to occur in the Trenton, but a variety has 

been found in the Clitambonites bed of the Trenton group in Minnesota. For this 

we propose the subordinate name m£nor, the specimens being unusually sma1l, none 

exceeding 11 mm. in diameter. The volutions seem also to be narrow, the hight at 

the aperture in the specimen~ at hand exceeding the width by about one-sixth. The 

surface markings are precisely as in the typical form of the species excepting that 

the transverse striffi in crossing the dorsal carina are sometimes bent slightly 

backward. The variety is of consequence chiefly because it proves the existence of 

the ornatu8 type at quite as early a time as that in which the C. retJ'orsus lived. 

And this fact justifies us also III denying that C. ornatu8 was evolved from C. 

retrorsus. 

Formation and lowlity.-The typical fl)rm is a COlllmon fossil of the Loraine and Richmonrl groups 
at numerous localities in Ohio, Indiana, Kentucky, Pennsylvania, New York and Canada. At Cincinnati 
the sbe'l is often covered by a parasitic bryozoan (LeptotrY}Ja ornata Ulrich) which, when carfully chipped 
away, generally leaves a good cast of the surface markings and not infreCluently the test itself. The 
species has not yet been certainly identified in the Utica group, hut we suspect that one or two easts 
collected in the lower part of this group at Covington, Kentucky. mat belong to it. Varietymino)' was 
found by E. O. Ulrich in the Clitambonites beel of the Trenton group, near Cannon Falls, Minnesota. 

CYRTOLITES RETRORSUS, n. Sp. 

PLA TE LXII. FIGS. 32-37. 

Shell rather. small, the diameter rarely exceeding 15 lUlU., in one case 20 mm., 

in others mostly from 12 to 14 mm.; in general appearance decidedly like C. ornatus, 

the dorsal slopes being strongly undulated, and the surface distinctly reticulated. 

Carefully compared, however, it is found to differ in the following particulars: the 

. keel is more prominent, the dorsal slopes are more concave, the sides sharper, the 

transverse section of the volutions more distinctly quadrangular, and their rate of 

increase greater. The most important difference is in the form of the mouth and 

the direction of the transverse surface lines. The mouth namely is deeply cut out 

and the lines instead of passing directly across the back are strongly 'curved back

ward. Finally there is a small ridge along the suture line that has not been 

observed in C. ornatus. The retral curve of the transverse lines is slightly greater 

than in C. carinatus Miller, with the typical form of which C. -retrorsus agrees very 

closely so far as the inner volutions are concerned. But mature specimens of the 

twa species cannot be confounded, the dorsal slopes in Miller's species becoming 

flat with maturity, while undulations are not developed except in the oldest 

examples. In C. retrorsus, on the contrary, they begin very early, while the' COl1-

. cavity of the dorsal slopes continues through all stages. 

There can be no reasonable question about the specific distinctness of this shell, 

nor do we doubt that it will include, if not all, at least a part of the Tennessee 
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specimens referred to C. ornatus by Prof. Safford. If any are III doubt, then it is 

those which he obtained from his "Orthis bed," which, like the Clitambonites bed in 

Minnesota, we place at the base of the Trenton group. The same form occurs also 

in equivalent strata in Kentucky, but none of the specimens seen by us are suffici

ently perfect to permit of a positive decision in the matter. So far as the form of 

the shell and volutions is concerned, the specimens in question certainly agree very 

closely with C. retro1'stts, and, if appearances are not deceptive, they are like it also 

in the backward swing of the surface markings. The evidence at hand, therefore, 

seems to indicate that all of the Tennessee and Kentucky Trenton spec!mens 

hitherto referred to Cyrtolites ornatus really belong to C. retrorsus. 

FOT"11wtion and locctlity.-Upper part of the Trenton group between Burgin and Danville, Kentucky, 
and Nashville, Tennessee. Probably also in the lower part of the gronp near the same localities. About 
ten specimens, mostly casts of the interior, have been found by one of the authors in the upper part of 
the Trenton group and in the lower part of the Utica group at CinCinnati, Ohio, and at Covington and 
Newport in Kentucky. 

Collections.-E. O. Ulrich; Prof. J. M. Safford. 

CYRTOLITES RETRORSUS, var. FILLMORENSIS, n. var. 

PLATE LXII, FIGS. S8 and 39. 

Under this name we propose arranging provisionally a form occurring not very 

rarely in the shales of the Black River group at localities in fillmore county. 

Unfortunately, none of the specimens before us are in a good state of preservation, 

all excepting three being more or less distorted casts of the interior. On two of the 

excepted specimens the shell is preserved on the inner volutions only, while the 

the third retains a few lines near the aperture. So far as can be determined, the 

variety differs from the typical form of the species only in having the sides of the 

inner volutions almost rounded, the form of the outer volution and the surface 

ornamentation being apparently as in C. rel1·orsus. The rounded character of the 

sides of the 'inner volutions in this, the oldest known variety of the genus, is a 

noteworthy feature, since it may give us a clue to the origin of the genus. 

Formation (tnclloCCtlity.-Black River group, Ctenodonta bed, Chatfield and near Fountain, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich . 

. 1IIuseum Register, Nos. 4051, 7535. 

CYRTOLITES CARINATUS Miller. 

P LA TE LXII. FIGS. 50-52. 

Cyrlolites carinutus l\irLLEU, 1874, Cin. (~uar. Jour. ScL, vol. i, p. 311, fig. 32. 
Comp, Cyrtolites cOIl'l'ad'i HALL, 1862, Geo!. Rep. Wis., p. 55. (Figured unly.) 

Smaller than C. ornatus, the size being about as in C. retrorsus, the average 

diameter ahout 13 111m.; in two of our specimens it exceeds 20 mm. Sides sharply 
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speCImens referred to C. ornatus by Prof. Safford. If any are in doubt, then it is 

those which he obtained from his "Orthis bed," which, like the Clitambonites bed in 

Minnesota, we place at the base of the Trenton group. The same form occurs also 

in equivalent strata in Kentucky, but none of the specimens seen by us are suffici

ently perfect to permit of a positive decision in the matter. So far as the form of 

the shell and volutions is concerned, the specimens in question certainly agree very 

closely with C. retJ'o1'sltS, and, if appearances are not deceptive, they are like it also 

in the backward swing of the surface markings. The evidence at hand, therefore, 

seems to indicate that all of the Tennessee and Kentucky Trenton specimens 

hitherto referred to Cyrtolites ornaitts really belong to C. retrorsus. 

F01'1)wtion ana locality.-Upper part of the Trenton group between Burgin and Danville, Kentucky, 
and Nashville, Tennessee. Probably also in the lower part of the group near the same localities. About 
ten specimens, mostly casts of the interior, have been found by one of the authors in the upper part of 
the Trenton group and in the lower part of the Utica group at Cincinnati, Ohio, and at Covington and 
Newport in Kentucky. 

Gollections.-E. O. Ulrich; Prof. J. M. Safford. 

CYRTOLITES RETRORSUS, var. FILLMORENSIS, n. val'. 

PLATE LXII, FIGS. 38 and 39. 

Under this name we propose arranging provisionally a form occurring not very 

rarely in the shales of the Black River group at localities in fillmore county. 

Unfortunately, none of the specimens before us are in a good state of preservation, 

all excepting three being more or less distorted casts of the interior. On two of the 

excepted specimens the shell is preserved on the inner volutions only, while the 

the third retains a few lines near the aperture. So far as can be determined, the 

variety differs from the typical form of the species only in having the sides of the 

inner volutiom; almost rounded, the form of the outer volution and the surface 

ornamentation being apparently as in C. retrorsus. The rounded character of the 

sides of the 'inner volutions in this, the oldest known variety of the genus, is a 

noteworthy feature, since it may give us a clue to the origin of the genus. 

Fo)'))wtion ((Ilcllocctlily.-Black lliver group, Ctenodonta bed, Chatfield and near Fountain, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

]jluseu1n Registe)', Nos. 4051, 7535. 

CYRTOLITES CARINATUS Miller. 

PLATE LXII. FIGS. 50-52. 

Cyrloliles Wrill(ltU8 MILLEn, 1874, Cin. Quar. Jour. ScL, vol. i, p. 311, fig. 32. 
Compo Cyrtolites conmdi HALL, 1862, Geol. Rep. Wis., p. 55. (Figured only.) 

Smaller than C. omatus, the size being about as in C. retrorsus, the average 

diameter about 13 111111.; in two of our specimens it exceeds 20 mm. Sides sharply 
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carinated like the dorsum, the dorsal slopes strongly concave on the first and 

second whorls, nearly flat on the last, without undulations except neal' the aperture 

of the largest examples; transverse lines sweeping backward from the edge of the 

umbilicus, stronger than the connecting lines, the difference between the two sets 

increasing with age. 

The original description of the species is not entirely correct, Dr. Miller 

claiming that the surface "never presents a cancellated appearance," but he seems 

to have doubted the correctness of his observations since he adds, "at least not on 

any specimen observed." Out of more than twenty specimens belonging to the 

cabinet of one of the authors several preserve the surface markings in a fairly 

satisfactory manner. These show that on the inner volutions the surface is 

minutely though distinctly cancellated. The short connecting lines are delicate, 

and as growth proceeds they become relatively more so, a short exposure to the 

weather sufficing in many cases to efface them entirely, when the specimen will 

appear to have transverse strim only. Generally, however, when the stronger 

set of lines is preserved, more or less convincing traces of the other set also are 

retained. 

Compared with C. ornatus the present species is distinguished by its sharper 

lateral carinm, flatter and more concave dor8al slopes, almost total absence of 

surface undulations, and by the backward sweep of the lines of growth. From C. 

retrorsus it differs in being practically without dorsal undulations, in having a less 

prominent dorsal carina, and in the flattening of the dorsal slopes of the last 

volution. So far as the two species mentioned are concerned, C. carin(ftus is clearly 

distinct, but we cannot say as much when we compare it with C. conradi, a species 

named' and figured by Hall (loc. cit.), without a description, as one of the fossils of 

the Hudson River or Maquoketa shales of Wisconsin and Iowa. Hall's illustration 

represents a small Cyrtolites very similar to C. 'carinatus, and, as the geological 

horizon is about the same for both, it is not unlikely that the two names apply to 

the same species. To establish this as a fact would in our opinion necessitate a 

comparison with Hall's original type of C. conradi, and if that is no longer possible, 

it would be well to drop the name entirely. 

Formation and locality.-Not uncommon in the Utica group at Oincinnati, Ohio, and <1 number of 
localities in the vicinity of that city. The species occurs prob<1bly <11so in the lower shales of the Oincin
nati period in Wisconsin and Iowa, in which case it.m<1y be looked for in southern Minnesot<1 a~ well. 
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carinated like the dorsum, the dorsal slopes strongly concave on the first anc1 

second whorls, nearly flat on the last, without undulations except neal' the aperture 

of the largest examples; transverse lines sweeping backward from the edge of the 

umbilicus, stronger than the connecting lines, the difference between the two sets 

increasing with age. 

The original description of the species is not entirely correct, Dr. Miller 

claiming that the surface "never presents a cancellated appearance," but he seems 

to have doubted the correctness of his observations since he adds, "at least not on 

any specimen observed." Out of more than twenty specimens belonging to the 

cabinet of one of the authors several preserve the surface markings in a fairly 

satisfactory manner. These show that on the inner volutions the surface is 

minutely though distinctly cancellated. The short connecting lines are delicate, 

and as growth proceeds they become relatively more so, a short exposure to the 

weather sufficing in many cases to efface them entirely, when the specimen will 

appear to have transverse striiB only. Generally, however, when the stronger 

set of lines is preserved, more or less convincing traces of the other set also are 

retained. 

Compared with C. ornatus the present species is distinguished by its sharper 

lateral cariniB, flatter and more concave dor:sal slopes, almost total absence of 

surface undulations, and by the backward sweep of the lines of growth. From C. 

retrorsus it differs in being practically without dorsal undulations, in having a less 

prominent dorsal carina, and in the flattening of the dorsal slopes of the last 

volution. So far as the two species mentioned are concerned, C. carinatus is clearly 

distinct, but we cannot say as much when we compare it with C. conradi, a species 

named, and figured by Hall (lac. cit.), without a description, as one of the fossils of 

the Hudson River or Maquoketa shales of Wisconsin and Iowa. Hall's illustration 

represents a small Cyrtolites very similar to C. 'carinatus, and, as the geological 

horizon is about the same for both, it is not unlikely that the two names apply to 

the same species. To establish this a,s a fact would in our opinion necessitate a 

comparison with Hall's original type of C. conradi, and if that is no longer possible, 

it would be well to drop the name entirely. 

Formation and locality.-Not uncommon in the Utica gronp at Oincinnati, Ohio, and a nnmberof 
localities in the vicinity of that city. The species occurs probably also in the lower shales of the Oincin
nati period in Wisconsin and Iowa, in which case it.may be looked for in southern Minnesota as well . 

• 
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CYRTOLITES PARVUS, n. sp. (Ulrich.) 

PLA TE LXII. FIGS. 4" ·47. 

Shell small, about 7 mm. in diameter, 6 mm. wide at the aperture, consisting 

of about two rapidly enlarging volutions, subquadrangular in section and somewhat 

wider than high; dorsum carinated, the keel not very prominent, minutely wa:vy in a 

side view; sides narrowly rounded, scarcely angular; dorsal slopes gently convex, with

out undulations except near the aperture where several obscure ones may be noticed. 

Surface with comparatively coarse lines of growth, curving strongly backward from 

the edge of the umbilicus to the dorsal carina which they cross without interruption. 

These lines are connected by more closely arranged and very delicate obliquely 

revo~ving lines, which, being lower than the transverse set, might easily be 

overlooked. On the last turn seven or eight of the transverse lines occur in 2 mm. 

Considering the size of the shell, the surface markings are stronger than in any 

of the other species of the genus. From C. carinatus Miller, which it resembles 

most, it differs also in having the sides of the volutions narrowly rounded 

instead of sharply angular. In C. retrorsus and C. ornatus the surface ornamen

tation is much more distinctly reticulated, and, while the former has a much 

stronger keel and concave dorsal slopes, the latter is especially distinguished 

by the absence of a sinus in the outer lip and consequently in the more strictly 

transverse course of the surface markings. Internal casts of Cyrtolitina nitida 

resemble testiferous examples of this species; but if this fact is borne in mind, and 

further that in the former the back is flattened, the volutions more compressed 

laterally, and the surface markings of the cast thicker and wave-like rather than 

thread-like, it is almost impossible that confusion between them can ever occur. 

Formation and locality.- Near top of Trenton group at Covington, Kentucky. 

Coller:tiol1.-E. O. Ulrich. 

CYRTOLITES DISJUNCTUS, n. sp. 

PLATE LXrr. FIGS. 48 and 49. 

Shell about 24 mm. in hight, consisting of about two entirely free or disjoined 

whorls, coiled very nearly or quite symmetrically; volutions strongly and sharply 

carinated dorsally, the sides somewhat narrowly rounded within the center, and 

strongly undulated transversely; ventral side less convex, with two abruptly 

elevated narrow central carinm, forming a groove with raised edges or what is 

commonly called a "saddle"; hight of volutions increasing with age more rapidly 

than the width, the transver.se section, excluding the dorsal and ventral carinre, 

changing from transversely suhelliptical to almost circular at the apertur~ of a fally 
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CYRTOLITEB PARVUB, n. sp. (Ulrich.) 

PLA TE LXII, FIGS. 4:; 47. 

Shell small, about 7 mm. in diameter, 6 mm. wide at the aperture, consisting 

of about two rapidly enlarging volutions, subquadrangular in section and somewhat 

wider than high; dorsum carinated, the keel not very prominent, minutely wavy in a 

side view; sides narrowly rounded, scarcely angular; dorsal slopes gently convex, with

out undulations except near the aperture where several obscure ones may be noticed. 

Surface with comparatively coarse lines of growth, curving strongly backward from 

the edge of the umbilicus to the dorsal carina which they cross without interruption. 

These lines are connected by more closely arranged and very delicate obliquely 

revo~ving lines, which, being lower than the transverse set, might easily be 

overlooked. On the last turn seven or eight of the transverse lines occur in 2 mm. 

Considering the size of the shell, the surface markings are stronger: than in any 

of the other species of the genus. From C. carinatus Miller, which it resembles 

most, it differs also in having the sides of the volutions narrowly rounded 

instead of sharply angular. In C. retrorsus and C. ornatus the surface ornamen

tation is much more distinctly reticulated, and, while the former has a much 

stronger keel and concave dorsal slopes, the latter is espeeially distinguished 

by the absence of a sinus in the outer lip and consequently in the more strictly 

transverse course of the surface markings. Internal casts of Cyrtolitina nitida 

resemble testiferous examples of this species; but if this fact is borne in mind, and 

further that in the former the back is flattened, the volutions more compressed 

laterally, and the surface markings of the cast thicker and wave-like rather than 

thread-like, it is a.lmost impossible that confusion between them can ever occur. 

Formation and lucality,- Near top of Trenton group at Covington, Kentucky. 

Colle('iion.-E. 0, Ulrich. 

CYRTOLITES DIS.JUNCTUS, n. sp. 

PLA TE LX IT, FIGS. 48 and 49. 

Shell about 24 mm. in hight, consisting of about two entirely free or disjoined 

whorls, coiled very nearly or quite symmetrically; volutions strongly and sharply 

carinated dorsally, the sides somewhat narrowly rounded within the center, and 

strongly undulated transversely; ventral side less convex, with two abruptly 

elevated narrow central carin<B, forming a groove with raised edges or what is 

commonly called a "saddle"; hight of volutions increasing with age more rapidly 

than the width, the transverse section, excluding the dorsal and ventral carinre, 

changing from transversely su l)elliptieal to a.l most circular at the apertur~ of a fully 
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grown specimen. Surface markings on the whole nearly the same as in C. ornatus, 

only the transverse ridges are not confined to the dorsal slopes but continue down

ward with a slight retral curve over the ventral slopes as well. The reticulation 

of the surface also changes with growth in a manner not observed in that species. 

Thus on the minute inner whorl the surface is almost smooth, only a few obscure 

revolving lines being visible on this part. With the beginning of the second turn 

the sculpture changes abruptly to the usual style of reticulation, but for some 

distance the transverse lines curve backward towards the dorsal carina as in C. 

retrorSU8 and C. carinatus. This retral curve. however, is soon lost so that on the 

greater part of the shell they pass directly over the carina as in C. ornatus. 
The peculiarities of this beautiful shell are so obvious that comparisons are 

quite unnecessary. It is the only species of the genu~ in which the whorls are not 

in ctmtact. 

Formation and locality.-Richmond group of the Cincinnati period. near Spring Valley, Minnesota, 
where two specimens were found in association with Orthis 8u1Jquadmtu and numerous other Brach'iopoda 
characteriziDg the horizon. 

Oollection.-E. O. Ulrich. 

CYRTOLITES (?) DILATATUS, n. sp. 

PLATE LXII. FIGS. 20-~6. 

Shell 15 to 30 mm. in hight, the inner volutions unknown, the outer expanding 

very rapidly in width, sharply carinated or alated on the sides, more obtusely upon 

the back, transversely triangular quadrate in section; dorsal slopes flat except near 

the proDJ,inent lateral edges where they are concave; ventral side Hearly flat, with 

a central groove probably for the reception of the dor3al carina of the inner volu

tions; aperture nearly or about twice as wide as high, subtriangular, the width 

slightly exceeding the hight of the entire shell, the outer margin with a broad, 

centrally angular sinus, the inner lip with a small "saddle." Surface markings 

unknown; outer part of a large cast of the interior with a few faint transverse 

wrinkles of growth. 
Of this remarkable species we have seen but two specimens, one, a large cast of 

the interior, belonging to the Powers' collection of the University of Wisconsin, the 

other a smaller testiferous example collected by E. O. Ulrich in Minnesota. The 

latter exhibits no signs of surface markings, but this is evidently due to lack of 

preservation. In the absence of any knowledge of the superficial sculpture, the 

generic position is somewhat doubtful. The great width of the aperture and the 

wing-like expansion of the lateral edges are suspicious and possibly indicate a 

relation to Carinaropsis. When fully known we believe it will be recognized as 
-55 
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grown specimen. Surface markings on the whole nearly the same as in C. ornatus, 

only the transverse ridges are not confined to the dorsal slopes but continue down

ward with a slight retral curve over the ventral slopes as well. The reticulation 

of the surface also changes with growth in a manner not observed in that species. 

Thus on the minute inner whorl the surface is almost smooth, only a few obscure 

revolving lines being visible on this part. With the beginning of the second turn 

the sculpture changes abruptly to the usual style of reticulation, but for some 

distance the transverse lines curve backward towards the dorsal carina as in C. 

retrorSU8 and C. carinatus. This retral curve, however, is soon lost so that on the 

greater part of the shell they pass directly over the carina as in C. ornatns. 

The peculiarities of this beautiful shell are so obvious that comparisons are 

quite unnecessary. It is the only species of the genus in which the whorls are not 

in cbntact. 

Formation and locality.-Richmond group of the Cincinnati period, near Spring Valley, Minnesota, 
where two specimens were found in association with Orthis wlJljllaclmta and numerous other Brachiopocla 
characteriziflg the horizon. 

Oollection.-E. O. Ulrich. 

CYRTOLITES en DILATATUS, n. Sp. 

PLATE LXII. FIGS. 20-~G. 

Shell 15 to 30 mm. in hight, the inner volutions unknown, the outer expanding 

very rapidly in width, sharply carinated or alated on the sides, more obtusely upon 

the back, transversely triangular quadrate in section; dorsal slopes flat except near 

the proIllinent lateral edges where they are concave; ventral side Bearly flat, with 

a central groove probably for the reception of the donal carina of the inner volu

tions; aperture nearly or about twice as wide as high, subtriangular, the width 

slightly exceeding the hight of the entire shell, the outer margin with a broad, 

centrally angular sinus, the inner Iii> with a small "saddle." Surface markings 

unknown; outer part of a large cast of the interior with a few faint transver8e 

wrinkles of growth. 

Of this remarkable species we have seen but two specimens, one, a large cast of 

the interior, belonging to the Powers' collection of the University of Wisconsin, the 

other a smaller testiferous example collected by E. O. Ulrich in Minnesota. The 

latter exhibits no signs of surface markings, but this is evidently due to lack of 

preservation. In the absence of any knowledge of the superficial sculpture, the 

generic position is somewhat doubtful. The great width of the aperture and the 

wing-like expansion of the lateral edges are suspicious and possibly indicate a 

relation to Carinaropsis. When fully known we believe it will be recognized as 
-55 
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the type of a new genus intermediate in position between Carinaropsis and 

Cyrtoldes. 
Formation and locality.-Gtenodonta bed of the Black River group, Goodhue county, Minnesota 

The Wisconsin specimen seems to be from an equivalent horizon at Beloit. 

Collections.-UniveTsity of Wisconsin; E. O. Ulrich. 

Genus CYRTOLITINA, n. gen. 

CYj·tolites (part.), ULRICII, 1879, Jour. Gin. Soc. Nat. TIist., vol. ii, p. 12. LINDSTROM. 1884, Silurian 
Gastropoda uf Gotland, pp. 82-84. 

For generic characters see page 847. 

The five species at present believed to have the characters of this genus were 

originally all referred to Cyrtolites. They are, however, quite distinct from the 

typical species (ornatus) of that genus, and, in certain respects at least, nearer to 

BUc((llia and Conradella. With the latter genera they agree in the surface sculpture, 

in having the aperture distinctly emarginated, and in possessing a slit-band, while 

they differ in these features from Cyrtolites. On the other hand the agreement with 

Cyrtolites is stronger only in the form of the volutions and in their number, the 

whorls being much less in number and higher than wide instead of the reverse as in 

Bucania. It is difficult to decide as to the relative merits of these agreements, and, 

as we are scarcely beyond the threshold of knowledge respecting the Paleozoic 

Gastropoda, we will not presume to attempt it. Still, while we pay tribute to 

prevailing opinions in both the selection of the new name and in referring the genus 

to the Cyrtolitidce, it is to be nnderstood that the arrangement is less in accordance 

with our views than if we had placed it among the Bucaniidm. To this statement 

we may add the suggestion that Cyrtolitina may have been derived from some form 
of BUGrmia like B. subangulata. 

Comparing Cyrtolitina with its possible relatives we find that it differs from 

Cyrtolites in having a slit-band, less carinate dorsum, an apertural emargination, 

higher (more compressed) volutions, and surface markings that are to be called lamel

lose rather than reticulated; from Bucania in having fewer and laterally instead of 

vertically compressed volutions; and from Conradella in having fewer and more 

rapidly enlarging volutions, much shorter apertural slit, no distinct dorsal keel, and 

the subimbricating surface lamellffi curved strongly backward on the dorsum. 

CYRTOLITINA NITIDULA Ulrich. 

PLATE LXII, FIGS. 53-55. 

CYl'loli:tes m:li(7ulus ULlaCIT, 1879, Jour. Gin. Soc. Nat. Rist., vol. ii, p. 12. 

Shell small, 6 to 8 mm. in diameter; volutions about two, rapidly increasing in 
size, the outer embracing quite a half of the inner' dor3um blunt thick flattened , " 
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the type of a new genus intermediate in position between Carinaropsis and 

Cyrtolttes. 
For-malion and locality.-Ctenodonta bed of the Black River group, Goodhue county, Minnesota 

The Wisconsin specimen seems to be from an equivalent horizon at Beloit. 

Colleci'ions.-University of Wisconsin; E. O. Ulrich. 

Genus CYRTOLITINA, n. gen. 

Cyj·tolites (part.), ULRICII, 1879, Jour. Cin. Soc. Nat. IIist., vol. ii, p. 12. LINDSTROM. 1884, Silurian 
Gastropoda uf Gotland, pp. 82-84. 

For generic characters see page 847. 

The five species at present believed to have the characters of this genus were 

originally all referred to Cyrtolites. They are, however, quite distinct from the 

typical species (ornatus) of that genus, and, in certain respects at least, nearer to 

BUCIIlIia and Conradella. With the latter genera they agree in the surface sculpture, 

in having the aperture distinctly emarginated, and in possessing a slit-band, while 

they differ in these features from Cyrtolites. On the other hand the agreement with 

Cyrtolites is stronger only in the form of the volutions and in their number, the 

whorls being much less in number and higher than wide instead of the reverse as in 

Bucania. It is difficult to decide as to the relative merits of these agreements, and, 

as we are scarcely beyond the threshold of knowledge respecting the Paleozoic 

Gastropodll, we will not presume to attempt it. Still, while we pay tribute to 

prevailing opinions in both the selection of the new name and in referring the genus 

to the Cyrtolitidce, it is to be nnderstood that the arrangement is less in accordance 

with our views than if we had placed it among the Bucaniidce. To this statement 

we may add the suggestion that Cyrtolitina may have been derived from some form 

of Buc(tniu like B. subangulata. 

Comparing Cyrtolitina with its possible relatives we find that it differs from 

Cyrtol£tes in having a slit-banel, less carinate dorsum, an apertural emargination, 

higher (more compressed) volutions, and surface markings that are to be called lamel

lose rather than reticulated; from Bucania in having fewer and laterally instead of 

vertically compressed volutions; and from Conradella in having fewer and more 

rapidly enlarging volutions, much shorter apertural slit, no distinct dorsal keel, and 

the subimbricating surface lamellze curved strongly backward on the dorsum. 

CYRTOLITINA NITIDULA Ulrich. 

PLATE LXII, FIGS. 53-55. 

CYj'lol1:tes nUi171111ls ULI:IC' II, 1879, Jour. Cin. Soc. Nat. Rist., vol. ii, p. 12. 

Shell small, 6 to 8 mm. in diameter; volutions about two, rapidly increasing in 

size, the outer embracing quite a half of the inner; dorsum blunt, thick, flattened 
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in casts; sides gently convex to the edge of the umbilicuR into which they descend 

at first rather abruptly, then gently, the ventral part spreading saddle-like over the 

inner volution. Aperture subcordate, notched below; outer lip rather broadly and 

deeply emarginated. Umbilicus about 3.5 mm. wide in a specimen 8 mm. in 

diameter, narrowly rounded at the edge. Surface of casts with distinct, subregular, 

retrally curved, transverse strirn, averaging about five in 2 mm. on the sides and 

back. The strite continue over and are quite distinct and curved on the flattened 

dorsum or slit-band. On the latter some very fine revolving lines are faintly dis

tinguishable. Somewhat oblique and stronger revolving lines, about four in 1 mm., 

occur on the sides of the volutions. Greatest diameter of a large specimen 8.3 mm; 

width of aperture 5.0 mm.; hight of same 5.0 mm. 

The original description and figures are incorrect where they differ from the 

present work on the species. It is scarcely necessary to go into details. 

Of American fossils we can compare this pretty shell only with species of 

Cyrtolites and possibly of Bucania. Cyrtolites retrorsus and C. carinatus are found with 

it, but both have more volutions, are sharply keeled and without a slit-band. The new 

CyrtQlites parvus is also associated and, because of its small size and relatively coarae 

markings, is more likely than any other fossil known to us to be confused with C. 

nitidula; still, they may be readily distinguished, C. parvus having the usual sharp 

dorsum and wider subquadrate aperture. Besides, it should be borne in mind that 

they are testiferous specimens and Dot casts of the interior of the species of 

Cyrtolites mentioned that look like casts of Cyrtolitina nitidula. Casts of Cyrtolites 

never show an imprint of the surface ornamentation, but those of the Cyrtolitina, on 

the contrary, are very distinctly marked. 

Formation and localitll.-Upper part of the Trenton group, in the river quarries ust west of Cov
ington, Kentucky. 

Oollection.-E. O. Ulrich. 

Genus PROTOWARTHIA, D. gen. 

Bellerophon (part.), of numerous authors. 

l!'or generic characters see page 848. 

The, chiefly Lower Silurian, group of shells for which this genus i~ proposed is 

strikingly similar to the Permo-Carboniferous species embraced in Waagen's genus 

Warthia. Indeed, there is little more than a single character, and that possibly is 

not always well developed, which distinguishes them. In Proto1Oarthia, namely, the 

inner lip is prolonged as a thin grano-lineate sheet around the umbilical regions 

and over a greater or lesser portion of the dorsum of the posterior end of the last 

'YJolution. Nothing of this kind has been observed in Warthia. That the surface of 

Protowarthia.l 
GASTROPODA. 867 

in casts; sides gently convex to the edge of the umbilieuFi into which they descend 

at first rather abruptly, then gently, the ventral part spreading saddle-like over the 

inner volution. Aperture subcordate, notched below; outer lip rather broadly and 

deeply emarginated. Umbilicus about 3.5 mm. wide in a specimen 8 mm. in 

diameter, narrowly rounded at the edge. Surface of casts with distinct, subregular, 

retrally curved, transverse strite, averaging about five in 2 mm. on the :,;ides and 

back. The strice continue over and are quite distinct and curved on the flattened 

dorsum or slit-band. On the latter some very fine revolving lines are faintly dis

tinguishable. Somewhat oblique and stronger revolving lines, about four in 1 mm., 

occur on the sides of the volutions. Greatest diameter of a large specimen 8.3 mm; 

width of aperture 5.0 mm.; hight of same 5.0 mm. 

The original description and figures are incorrect where they differ from the 

present work on the species. It is scarcely necessary to go into details. 

Of American fossils we can compare this pretty shell only with species of 

Cyrtolites and possibly of Bucania. Cyrtolites retrorsus and C. carinatus are found with 

it, but both have more volutions, are sharply keeled and without a slit-band. The new 

Cyrtolites parvus is also associated and, because of its small size and relatively coarse 

markings, is more likely than any other fossil known to us to be confused with C. 

nitidula; still, they may be readily distinguished, C. parvus having the usual sharp 

dorsum and wider subquadrate aperture. Besides, it should be borne in mind that 

they are testiferous specimens and not casts of the interior of the species of 

Cyrtolites mentioned that look like casts of Cyrtolitin({ n£tidul({. Casts of Cyrtolites 

never show an imprint of the surface ornamentation, but those of the Cyrtolitina, on 

the contrary, are very distinctly marked. 

Formation and locaZitu.-Upper part of the Trenton group, in the river quarries ust west of Cov
ington, Kentucky. 

Oollection.-E. O. Ulrich. 

Genus PROTOWARTHIA, n. gen. 

BelleTophon (part.), of numerous authors. 

For generic characters see page 848. 

The, chiefly Lower Silurian, group of shells for which this genus is proposed is 

strikingly similar to the Permo-Carboniferous species embraced in Waagen's genus 

Warthia. Indeed, there is little more than a single character, and that possibly is 

not always well developed, which distinguishes t hem. In ProtollJartliia, namely, the 

inner lip is prolonged as a thin grano-lineate sheet around the umbilical regions 

and over a greater or lesser portion of the dorsum of the posterior end of the last 

volution. Nothing of this kind has been observed in TV arthia. That the surface of 



868 THE PALEONTOLOGY OF MINNESOTA. 
lProtowarthia rectanglllaris. 

at least some of the forms of p.rotowal'thia is delicately cancelled is not now consid.: 

ered of special consequence. A more significant fact is that while Protowarthia is 

almost or entirely restricted to the earlier periods of the Paleozoic, Warthia, if the 

geological record is even approximately reliable and complete, did not make its 

appearance till just before the close of that age. Here we have a difference in 

geological distribution that can be accounted for in only two ways: either the 

Permo-Carboniferous JVarihia is distinct from P1'oiowa1'thia and originated in some 

nearly contemporaneous (say Carboniferous) type, or we must assume that the two 

are the same and that the connecting species, which in that case must have existed 

during the Upper Silurian, Devonian, Lower Carboniferous and Coal Measures, were 

either destroyed or remain yet to be discovered. Considering the abundance of 

other bellerophontids in these strata, the latter alternative is certainly very 

improbable. 
On page 856 we express the opinion that Warthia (also Euphemus and Mogulia) 

is a result of the decline and approaching extinction of the Bellerophontidm. As 

stated there, such a return to primitive characters is quite in accordance with 

theorie~ that are rapidly entering the realm of facts. We would have been pleased 

to discuss the questions involved at greater length, but the lack of space necessitates 

a postponement to some perhaps more appropriate future opportunity, 

Compared with other hellerophontid genera Protowarthia is distinguished by 

the absence of a slit-band and the width and size of the sinus in the outer lip; 

Belleroplton has a distinct slit-band and centrally angular sinus and slit; in Owen ella 

there is an umbilicus, the sinus is much shallower and centrally subangular, and 

the form of the shell more nearly globose; Bucanopsis has a slit-band, and so has 

B~cania, coupled with a large umbilicus; finally, in OxycUscus the whorls are 

la,terally compressed and sharply keeled and the shell broadly umbilicated. 

Respecting the species of Protowarthia, they are among the most characteristic 

and abundant fossils of the Lower Silurian system. N one are known in the Upper 

Silurian and only a single Devonian species. The last, moreover, is doubtfully 
referred to the genus. 

PROTOWARTHIA RECTANGULARIS, n. -'P. 

PLATE LXIII, FIGS. 15-20. 

Shell of medium size, rather closely coiled, leaving only a small umbilicus iu 

the cast which, in the shell itself, is probably closed as in P. cancellataj outer volu

tion sharply rounded dorsally, with a nearly flat or gently convex slope on each 

side, then turning rather abruptly into the umbilicus; aperture transverse, subtri

angular, about twice as wide as high, the width but little less than the hight of the 
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at least some of the forms of Protowarthia is delicately cancelled is not now consid

ered of special consequence. A more significant fact is that while Protowarthia is 

almost or entirely restricted to the earlier periods of the Paleozoic, Warthia, if the 

geological record is even approximately reliable and complete, did not make its 

appearance till just before the close of that age. Here we have a difference in 

geological distribution that can be accounted for in only two ways: either the 

Permo-Carboniferous TVart7tia is distinct from Protowarthia and originated in some 

nearly contemporaneous (say Carboniferous) type, or we must assume that the two 

are the same and that the connecting species, which in that case must have existed 

during the Upper Silurian, Devonian, Lower Carboniferous and Coal Measures, were 

either destroyed or remain yet to be discovered. Considering the abundance of 

other bellerophontids in these strata, the latter alternative is certainly very 

improbable. 

On page 856 we express the opinion that Wal'thia (also Euphemus and Mogulia) 

is a result of the decline and approaching extinction of the Bellerophontidm. As 

stated there, such a return to primitive characters is quite in accordance with 

theories that are rapidly entering the realm of facts. We would have been pleased 

to discuss the questions involved at greater length, but the lack of space necessitates 

a postponement to SDme perhaps more appropriate future opportunity. 

Compared with other hellerophontid genera Protowarthia is distinguished by 

the absence of a slit-band and the width and size of the sinus in the outer lip; 

Bellerophon has a distinct slit-band and centrally angular sinus and slit; in Owenella 

there is an umbilicus, the sinus is much shallower and centrally subangular, and 

the form of the shell more nearly globose; Bucanopsis has a slit-band, and so has 

B~cania, coupled with a large umbilicus; finally, in Oxydiscus the whorls are 

laterally compressed and sharply keeled and the shell broadly umbilicated. 

Respecting the species of Protowarthia, they are among the most characteristic 

and abundant fossils of the Lower Silurian system. N one are known in the Upper 

Silurian and only a single Devonian species. The last, moreover, lS doubtfully 
referred to the genus. 

PROTOWARTHIA REOTANGULARIS, n. sp. 

PLATE LXIII, FIGS. 15-20. 

Shell of medium size, rather closely coiled, leaving only a small umbilicus in 

the cast which, in the shell itself, is probably closed as in P. cancellata; outer volu

tion sharply rounded dorsally, with a nearly flat or gently convex slope on each 

side, then turning rather abruptly into the umbilicus; aperture transverse, subtri

angular, about twice as wiele as high, the width but little less than the hight of the 
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entire shell; sinus deep, the lobe~ not rounded but bending iLt almost a right angle 

in the middle; inner lip slightly refiexed and thickened on each side' test thin , , 
composed apparently of two layers, the inner nacrous. Surface of specimens marked 

by more or less obscure lines of growth. These are usually the strongest on the dor

sum, where they may be seen also on some casts of the interior. The latter, however, 

are in most cases quite smooth and without a trace of markings. External 

layer of shell not seen in good condition, so we cannot say positively, though 

we suspect it to be so, that it was marked near the umbilicus, as in the following 

species, by fine granulose strim. Hight of shell 20.5 mm.; median hight of aperture 

8.3 mm.; width of same 19 mm.; width of inner volution 7 mm.; depth of sinus 8 mm. 

In two other specimens, one very large, these dimensions are respectively, 24, 10,23, 

7 and 9 mm., and 30, 13.5, 27, Hand 12 mm. 

This species is often met with in collections under the name of Bellerophon 

bilobatus, but it is really quite distinct, as anyone may see by comparing the 

accompanying figures of that species with those of B. rectan:;ularis given on plate 

LXIII. 

A B c 
Fig. 3. A and B, two views of Protowarthia lJilo/;cda Sowerby sp., and C, two views of Bellcrophon 

(?Oxydiscus) acutlls Sowerby; Caradoc sandstone, Englanel. Copies of the original ligures of these species on 
plate XIX of Murchison's" Siluri'1n System," 1839. 

It will be noticed that B, bilobatus, or Proto1Uartltia bilobata as it should now be 

called, is a more ventricose shell, causing the back to be fuller and much more 

broadly rounded, while the apertural lobes, are, as usual, rounded in front instead 

of angular. The rectangular outline of the aperturallobes which has suggested the 

specific name, distinguishes P. rectangzdaris from all the other forms referred to 

Protowarthia. Indeed, it is a peculiarity that is not possessed by any other species 

of the whole suborder. 
We have before us three specimens of a variety of this species from the Trenton 

limestone at Trenton Falls, New York. So far as this material at hand shows, the 

variety differs only in having the aperturallobes less angular than usual. We have 

also a number of internal casts from the Black River and Trenton shales and 
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entire shell; sinus deep, the lobeti not rounded but bending at almost a right angle 

in the middle; inner lip slightly reflexed and thickened on each side' test thin , , 
composed apparently of two layers, the inner nacrous. Surface of specimens marked 

by more or less obscure lines of growth. These are usually the strongest on the dor

sum, where they may be seen also Oll some casts of the interior. The latter, however, 

are in most cases quite smooth and without a trace of markings. External 

layer of shell not seen in good condition, so we cannot say positively, though 

we suspect it to be so, that it was marked llear the umbilicus, as in the following 

species, by fine granulose strim. Hight of shell 20.5 mm.; median hight of aperture 

8.3 mm.; width of same 19 mm.; width of inner volution 7 mm.; depth of sinus 8 mm. 

In two other specimens, one very large, these dimensions are respectively, 24,10,23, 

7 and 9 mm., and 30, 13.5,27, Hand 12 mm. 

This species is often met with in collections under the name of Belleruphon 

bilobatus, but it is really quite distinct, as anyone may see by comparing the 

accompanying figures of that species with those of B. rectangull/ris given on plate 

LXIII. 

A B c 

Fig. 3. A and B, two views of Protnwal'thia iJilo/;uta Sowerby sp., and C, two views of Bellerophol! 
(?Oxydiscus) acutus SowertlY; Caradoc sandstone, England. Copies ul' the uriginal ligures of these species on 
plate XIX of Murchison'S H Siluri:1n System," 1839. 

It will be noticed that B, bilobatus, or Proto1Uarthia bilobata as it should now be 

called, is a more ventricose shell, causing the back to be fuller and much more 

broadly rounded, while the apertural lobes, are, as usual, rounded in front instead 

of angular. The rectangular outline of the aperturallobes which has suggested the 

specific name, distinguishes P. rectangularis from all the other forms referred to 

Protowarthia. Indeed, it is a peculiarity that is not possessed by any other species 

of the whole suborder. 
We have before us three specimens of a variety of this species from the Trenton 

limestone at Trenton Falls, New York. So far as this material at hand shows, the 

variety differs only in having the apertural lobes less angular than usual. We have 

also a number of internal casts from the Black River and Trenton shales and 
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limestones of Minnesota which may represent other varieties of the species, but as 

we cannot be certain about them we prefer to leave them unclassified for the 

present. 

Formation and locality.-Rather a eommon fossil of the Stones River group, at Mineral POint, Janes
ville and Beluit, Wisconsin, amI Dixon, Illinois. In Minnesota it occurs, though not abundantly, in the 
Vanuxemia beel at Minneapolis, St. Paul and Oannon Falls. 

Collection.-E. O. Ulrich. 

PROTOWARTHIA GRANISTRIATA, n. sp. (Ulrich.) 

PLA'rE LXIII, FIGS. 28-30. 

Shell scarcely reaching the medium size, closely coiled, leaving no umbilicus; 

center of dorsum raised into a low broad ridge, defined on each side by an obscure 

wide furrow; with age the outer boundaries of the latter increase gradually in 

distinctness, the back of the outer half of the last volution in the largest specimens 

presenting a flattened appearance; but the central ridge, though decreasing some

what in hight, continues to the aperture. In casts of the interior there is a. small 

umbilicus, while the central ridge is nearly as on the shelf itself. Aperture trans

verse, about twice as wide as high, the width generally equalling the hight of the 

shell; sinus wide, only moderately deep, the margin of the lobes bending rather 

sharply where the apertural margin is intersected by the faintly raised boundaries 

of the flattened dorsum. Except in the umbilical regions the test is thin. Out of 

nearly thirty specimens, only two preserve anything of the external layer. These 

show t.hat it is marked by fine lines of growth and by very delicate revolving lines. 

All of the other testiferous examples preserve only the inner and middle layers, the 

latter appearing in every case quite smooth. Most of the specimens preserve what 

may be called a fourth layer. This seems to have been deposited by the inner 

mantle over the inner volutions, including the smaller half of the outer, while on 

each side it extends around the callous filling of the umbilicus. The whole of this 

layer is finely granulose, except the lateral extensions and these are covered by 

wavy revolving striffi. Hight of an average shell 19 mm.; width of aperture 19 mm.; 

median hight of same 9.3 mm.; width of inner volution 6 mm.; depth of sinus 5 mm.; 
width of same about 10 mm. 

In this species the sinus is only about half as deep as in P. rectangularis, the 

apertural lobes are not rectangular, the umbilicus is closed entirely, and the 

volutions rounded rather than subtriangular in cross section. It is nearer P. cancel

latcl Hall, but that species has a slightly deeper sinus, and a rounder back, the back 

never being fl-1ttened, nor is there ever a sign of the low dorsal ridge and obscure 
furrows cha,racterizing P. granistriata. 
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limestones of Minnesota which may represent other varieties of the species, but as 

we cannot be certain about them we prefer to leave them unclassified for the 

present. 

For-mation and localily.-Rather a cornman fossil of the Stones River group, at Mineral Point, Janes
ville aud Beloit, Wisconsiu, auci Dixou, IJliuois. In Miunesota it occurs, though not abundantly, in the 
Vanuxemia bed at Minueapolis, St. Paul and Oanuon Falls. 

Collcctioll.-E. O. Ulrich. 

PROTOWARTHIA GRANISTRIATA, n. sp. (Ulrich.) 

PLATE LXIII, FIGS. 28-30. 

Shell scarcely reaching the medium size, closely coiled, leaving no umbilicus; 

center of dorsum raised into a low broad ridge, defined on each side by an obscure 

wide furrow; with age the outer boundaries of the latter increase gradually in 

distinctness, the back of the outer half of the last volution in the largest specimens 

presenting a flattened appearance; but the central ridge, though decreasing some

what in hight, continues to the aperture. In casts of the interior there is a small 

umbilicus, while the central ridge is nearly as on the shelf itself. Aperture trans

verse, about twice as wide as high, the width generally equalling the hight of the 

shell; sinus wide, only moderately deep, the margin of the lobes bending rather 

sharply where the apertural margin is intersected by the faintly raised boundaries 

of the flattened dorsum. Except in the umbilical regions the test is thin. Out of 

nearly thirty specimens, only two preserve anything of the external layer. These 

show t.hat it is marked by fine lines of growth and by very delicate revolving lines. 

All of the other testiferous examples preserve only the inner and middle layers, the 

latter appearing in every case quite smooth. Most of the specimens preserve what 

may be called a fourth layer. This seems to have been deposited by the inner 

mantle over the inner volutions, including the smaner half of the outer, while on 

each side it extends around the callous filling of the umbilicus. The whole of this 

layer is finely granulose, except the lateral extensions and these are covered by 

wavy revolving strim. Hight of an average shell 19 mm.; width of aperture 19 mm.; 

median hight of same 9.3 mm.; width of inner volution 6 mm.; depth of sinus 5 mm.; 

width of same about 10 mm. 

In this species the sinus is only about half as deep as in P. rectangularis, the 

apertural lobes are not rectangular, the umbilicus is closed entirely, and the 

volutions rounded rather than subtriangular in cross section. It is nearer P. cancel

lata Hall, but that spBcies has a slightly deeper sinus, and a rounder back, the back 

never bBing fl1ttBnl3cl, nor is there ever a sign of the low dorsal ridge and obscure 

furrows cha.racterizing P. granistriata.. 
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.~o~mation .an~ loc~lity.-:At present this species is known certainly only frum the Utica group in 
the VIClDlty of Cll1ClUnatl, OlalO. . 

Collection.-E. O. Ulrich. 

PROTOW ARTHIA PLANODOHSATA, n. sp. (ULrich.) 

PLATE LXUL ~'lGS. ill-aG. 

Of this form we have six specimens. These show that it is of the type of P. 

granistriata,-perhaps it should be called a variety of that species,-difl'ering in 

having the flattening of the back of the last volution much more decided, while the 

central ridge is wanting entirely, at any rate it is so for the outer volution. The 

dorsum of the volutions seems to be rather narrowly rounded. The surface 

markings are essentially the same in the two forms, as is al::;o the form of the 

aperture and the dimensions, the largest specimen being about 24 mm. in hight. 

The broad dorsal flattening will distinguish P. planodorsata at once from all 
other species of the genus and family known. 

Formation and locality.-Utica group, Covington, Kentucky. 

Collection.-E. O. Ulrich. 

PROTOWARTHIA PERVOLUTA, n. S}J. 

PLA TE LXIII. FIGS. 21-27. 

This also may be only a variety of P. granistriata, but it is one well worthy of a 

distinct name. It is almost constantly smaller, the hight in the majority of the 

specimens being less than 15 mm., and in only one out of over fifty is it 20 mm. 
\ 

Comparing the two forms we find that P. pervoluta is more closely inrolled, giving a 

more globose form. The aperture also is relatively wider and the umbilical callosity 

has a columella-like twist that is not seen in P. gmnistriata. The volutions further 

are nearly uniformly rounded dorsally and never show anything either of a central 

ridge or a flattening. Though some of the specimens before us are tolerably well 

preserved, none of them exhibit any satisfactory evidences of external markings 

save the granostriate marking of the inner volution. This is more extensive, but in 

other respects essentially as in the two preceding species. Here and there a small 

patch of the external layer is retained and these sometimes exhibit faint traces of 

exceedingly delicate transverse and revolving lines. 

Formation and locality.-In Kentucky this species occU's in the Black River group and in the lowest 
bed (Orthis or Modiolodvn bed) of the Trenton group. In Minnesota casts of th" int8rior are not uncom
mon in the Rhinidictya and Ctenodonta beds of the Black River group at St. Paul and Minneapolis. 
'l'estiIerous examples are rare here, but further south near Cannon Falls and at Chatfield they are more 
abundant. 

Collections.-E. O. Ulricb; W. H. Scofield. 

Protowarthla planodorsa ta.1 
GASTROPODA. 871 

.~or.mation .an~ loc~lity.-:-At present tbis ~pecies is knuwn certainly unly frum the lTtica group in 
the VIClmty of OIllClnnatl, OlillO. . 

Oollection.-E. O. Ulrich. 

PROTOWARTHIA PLANODORSATA, n. sp. (ULrich.) 

PLA'l'E LXII r. ~'lGs. :11-:J5. 

Of this form we have six specimens. These show that it is of the type of P. 

granistriata,-perhaps it should be called a variety of that species,-differing in 

having the flattening of the back of the last volution much more decided, while the 

central ridge is wanting entirely, at any rate it is so for the outer volution. The 

dorsum of the volutions seems to be rather narrowly rounded. The surface 

markings are essentially the same in the two forms, as is also the form of the 

aperture and the dimensions, the largest specimen being about 24 mm. in hight. 

The broad dorsal flattening will distinguish P. planodorsata at once from all 

other species of the genus and family known. 

Formation and locality-Utica group, Oovington, Kentucky. 

Oollection.-E. O. Ulrich. 

PROTOWARTHIA PERVOLUTA, n. S}J. 

PLA TE LXIII, FIGS. 21-27. 

This also may be only a variety of P. granistriata, but it is one well worthy of a 

distinct name. It is almost constantly smaller, the hight in the majority of the 

specimens being less than 15 mm., and in only one out of over fifty is it 20 mm. 
\ 

Comparing the two forms we find that P. pervoluta is more closely inrolled, giving a 

more globose form. The aperture also is relatively wider and the umbilical callosity 

has a columella-like twist that is not seen in P. granistriata. The volutions further 

are nearly uniformly rounded dorsally and never show anything either of a central 

ridge or a flattening. Though some of the specimens before us are tolerably well 

preserved, none of them exhibit any satisfactory evidences of external markings 

save the granostriate marking of the inner volution. This is more extensive, but in 

other respects essentially as in the two preceding species. Here and there a small 

patch of the external layer is retained and these sometimes exhibit faint traces of 

exceedingly delicate transverse and revolving lines. 

Formation and locality.-In Kentucky this species oCCU'S in t,be Black Ri ver group and in tbe lowest 
bed (Orthis or Modiolodon bed) of the Trenton group. In Minnesota casts of th" int",rior are not uncom
mon in the Rhinidictya and Otenodonta beds uf the Black River group at St. Paul and Minneapolis. 
'l'estiferous examples are rare here, bu t furtber south near Oannon Falls and at Ohatfield they are more 
abundant. 

Collections.-E. O. Ulrich; W. H. Scofield. 
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PROTOWARTHIA CANOELLATA Hall. 

PLATE LXIII. FIGS. (-14. 

Bellerophon cltHceliatus HALL, 1847, Pal. N. Y., vol. i, p. 307. 
Compare Bellerophon bilobatu~ of Hall and other American authors, not of Sower by. 

The general form of this shell is much as in P. rectangularis and P. planodorsata, 

the average of characters being about intermediate between these two species. 

From the first it is distinguished by the more rounded back of the volutions and the 

rounded instead of angular outline of the apertural lobes. The sinus in the outer 

lip also is less V-shaped. From the second it is sufficiently distinguished by the 

rounded instead of broadly flattened dorsal region of the last whorl. Young speci

mens, especially if casts only were compared, would perhaps prove inseparable. 

We refer here a large number of casts from the Black River and Trenton groups 

of Minnesota and elsewhere, as well as casts and testiferous specimens from the 

Utica, Loraine and Richmond groups of the Cincinnati region. The specimens from 

the Trenton period might be separated as va.r. trentonensis, as they are almost 

constantly a trifle more narrowly rounded dorsally than is the geologically higher 

typical form of the species. And yet we have specimens from the Black River 

group at Chatfield, Minnesota, that are, so far as it is possible to determine, precisely 

the same as the common variety of the species found in the lower part of the strata 

at Cincinnati, and which we regard as typical of the species. 

Specimens preserving the shell in a satisfactory manner are everywhere rare. 

The outer layer which carries the tramlVerse and revolving lines is nearly always 

gone, and, ~o far as our observation is concerned. this layer is retained, if we except 

two or three instances, only by specimens that have been removed from the solid 

limestone. These show that the perfect shell was ornamented with fine lines of 

growth, generally a little unequal, and even finer (just visible to the naked eye) 

revolving lines. The former may be obscurely visible on the inner layers of the 

test, but the latter are entirely superficial. Now, while most of the testiferous 

examples are almost entirely smooth, the greater number preserve the irregular or 

wavy revolving lines which surround the umbilical regions. This is true not only 

of this species but of the preceding forms as well, and proves that these thin exten

sions of the callosity of the inner lip are composed of a more durable substance 

than is the usual sculpture-bearing layer of the shell. So far as observed the inner 

whorls are not granulose dorsally as is the case in P. granistriata, P. pervoluta and 

P. planodorsata. The umbilical callosities of the inner lip are sharply defined, 

oblique and somewhat flattened, though always more or less excavated. 

We have not seen the original type of this species which Hall sought to separate 

from the specitnens which he regarded as Bell. bilobatus. But we have little or no 
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PROTOWARTHIA CANCELLATA Hall. 

PLATE LXIII. FIGS. [-14. 

BelleropholL CUHcclltltus HALL, 1847, Pal. N. Y., vol. i, p. 307. 
Cum pare Bell€l'opholL uilol)(ttu~ of Hall and uther American authors, not of Sowerby. 

The general form of this shell is much as in P. rectangularis and P. planodorsata, 

the average of characters being about intermediate between these two species. 

From the first it is distinguished by the more rounded back of the volutions and the 

rounded instead of angular outline of the apertural lobes. The sinus in the outer 

lip also is less V-shaped. From the second it is sufficiently distinguished by the 

rounded instead of broadly flattened dorsal region of the last whorl. Young speci

mens, especially if casts only were compared, would perhaps prove inseparable. 

We refer here a large number of cast's from the Black River and Trenton groups 

of Minnesota and elsewhere, as well as casts and testiferous specimens from the 

Utica, Loraine and Richmond groups of the Cincinnati region. The specimens from 

the Trenton period might be separated as var. trentonensis, as they are almost 

constantly a trifle more narrowly rounded dorsally than is the geologically higher 

typical form of the species. And yet we have specimens from the Black River 

group at Chatfield, Minnesota, that are, so far as it is possible to determine, precisely 

the same as the common variety of the species found in the lower part of the strata 

a;t Cincinnati, and which we regard as typical of the species. 

Specimens preserving the shell in a satisfactory manner are everywhere rare. 

The outer layer which carrie£ the tramwerse and revolving lines is nearly always 

gone, and, :w far as our observation is concerned, this layer is retained, if we except 

two or three instances, only by specimens that have been removed from the solid 

limestone. These show that the perfect shell was ornamented with fine lines of 

growth, generally a little unequal, and even finer (just visible to the naked eye) 

revolving lines. The former may be obscurely visible on the inner layers of the 

test, but the latter are entirely superficial. Now, while most of the testiferous 

examples are almost entirely smooth, the greater number preserve the irregular or 

wavy revolving lines which surround the umbilical regions. This is true not only 

of this species but of the preceding forms as well, and proves that these thin exten

sions of the callosity of the inner lip are composed of a more durable substance 

than is the usual sculpture-bearing layer of the shell. So far as observed the inner 

whorls are not granulose dorsally as is the case in P. granistriata, P. pervoluta and 

P. planodorsata. The umbilical callosities of the inner lip are sharply defined, 

oblique and somewhat flattened, though always more or less excavated. 

We have not seen the original type of this species which Hall sought to separate 

from the specimeus which he regarded as Bell. bilobatus. But we have little or no 
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doubt of the correctness of our identification, nor of the specific identity of a large 

proportion of the specimens that American authors generally and erroneously place 

under Sowerby's Belle'rophon bilobatus and P. cancellata. The only difference between 

the two supposed species mentioned by Hall is that one has a cancellated surface , 
the other not. According to our view this difference is merely a matter of preserva

tion, and if we are correct in this then P. cancellata is the commonest by far of all 
the Lower Silurian bellerophontids. 

As to P. bilobata Sowerby, the original figures of which are reproduced on page 

869, we have not the least doubt that it is specifically difStinct from P. cancellata, 

that species being a larger and more globose form:. Indeed, we doubt very much 

that Sowerby's species occurs in America. 

Formation and locality.-Not uncommon in the Black River group, principally in the Utenodonta 
bed, at Minneapolis, St. Paul, Cannon Fulls, Chatfield and uther localities in Minnesota. Also in Mercer 
county, Kentucky, and in Canada. It is very abundant in the Trenton, Utica, Loraine, and Richmond 
groups, in t,he first three especially, at numerous localities in Minnesota, WisconSin, Iowa, illinOis, Ken
tucky, Ohio, Indiana, Tennessee, New York and Canada. 

PROTOWARTHIA SUBCOMPRESSA, n. sp. (Ulrich.) 

PLATE LXIIl, FIGS. 40-44. 

Shell large, compressed-subglobose, the greatest hight and width about as six 

is to four; back broadly rounded, sides somewhat flattened, umbilicus closed, 

wanting; aperture semi-ovate, outer lip thin, inner lip moderately thick and reflexed 

in the umbilical regions; callosity extending over the whole front of the inner 

volution, apparently smooth; sinus broad and about as deep, the depth decreasing 

slightly with age; apertural lobes rounding very gently to the sinus where the 

outline makes a rather sharp curve. Surface marked by fine lines of growth and 

near the aperture by some obscure wrinkles. The callosity which extends over the 

inner volutions exhibits the usual fine irregular revolving lines in the umbilical 

regions. When the shell is removed, the cast shows a narrow furrow down the 

center of the back and several more faintly on each side. Greatest diameter 41 

mm.; smallest diameter 29 mm.; width of aperture 27.5 mm.; hight of same (central) 

19.5 mm.; width of inner volution 13 mm.; depth of sinus 7 or 8 mm. 

This fine species, besides attaining a greater size than P. cancellata, differs from 

it in being narrower and in wanting, as far as known, the delicate revolving lines 

of that species. The umbilical callosity of the inner lip is also less and does not 

slope outwardly, the edge only being reflected. Bellerophon morrowensis Miller and 

Dyer, which also may belong to Protowarthia, is insufficiently known. According to 

the descriptions, it seems to differ in having the dorsal side sharply angular. P. 

planodorsata has a wider aperture, revolving lines, and a fiat dorsum. 
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doubt of the correctness of our identification, nor of t,he specific identity of a large 

proportion of the specimens that American authors generally and erroneously place 

under Sowerby's Bellerophon bilobatus and P. cancelll/ta. The only difference between 

the two supposed species mentioned by Hall is that one has a cancellated surface , 
the other not. According to our view this difference is merely a matter of preserva-

tion, and if we are correct in this then P. cancellatu is the commonest by far of all 

the Lower Silurian bellerophontids. 

As to P. bilobata Sowerby, the original figures of which are reproduced on page 

869, we have not the least doubt that it is specifically dif"tinct from P. cancellata, 

that species being a larger and more globose form:. Indeed, we doubt very much 

that Sowerby's species occurs in America. 

Formation a?lcllocality.-Not uncommon in the Black River group, princillally in the Utenodonta 
bed, at Minneapolis, St. Paul, Cannon Falls, Chatfielcl and other localities in Minnesota. Also in Mercer 
county, Kentucky, and in Canada. It is very abundant in the Trenton, Utica, Loraine, and Richmond 
groups, in t,he first three especially, at numerous lucalities in Minnesuta, Wisconsin, Iowa, Illinois, Ken
tucky, Ohio, Indiana, Tennessee, New York and Cannda. 

PROTOW ARTHIA SUBCOMPRESSA, n. sp. (Ulrich.) 

PLATE LXlIl, FlOS. 4U-44. 

Shell large, compressed-subglobose, the greatest hight and width about as SIX 

IS to four; back broadly rounded, sides somewhat flattened, umbilicus closed, 

wanting; aperture semi-ovate, outer lip thin, inner lip moderately thick and reflexed 

in the umbilical regions; callosity extending over the whole front of the inner 

volution, apparently smooth; sinus broad and about as deep, the depth decreasiug 

slightly with age; apertural lobes rounding very gently to the sinus where the 

outline makes a rather sharp curve. Surface marked by fine lines of growth and 

near the aperture by some obscure wrinkles. The callosity which extends over the 

inner volutions exhibits the usual fine irregular revolving lines in the umbilical 

regions. When the shell is removed, the cast shows a narrow furrow clown the 

center of the back and several more faintly on each side. Greatest diameter 41 

mm.; smallest diameter 29 mm.; width of aperture 27.5 mm.; higbt of same (central) 

19.5 mm.; width of inner volution 13 mm.; depth of sinus 7 or 8 mm. 

This fine species, besides attaining a greater size than P. cancellata, differs from 

it in being narrower and in wanting, as far as known, the delicate revolving lines 

of that species. The umbilical callosity of the inner lip is also less and does not 

slope outwardly, the edge only being reflected. Bellerophon rnorrowensis Miller and 

Dyer, which also may belong to Protowarthia, is insufficiently known. According to 

the descriptions, it seems to differ in having the dorsal side sharply angular. P. 

planodorsata has a wider aperture, revolving lines, and a fiat dorsum. 
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Formation and locality.-Richmonc1 group of the Cincinnati period, Versailles, India'l1a, and Butler 
eoun tv, Ohio. 

CollectioH.-E. O. Ulrich. 

PIWTOWARTHIA CONCINNA, n. sp. 

PLA'l'.E LXIII, FIGS. 36-39. 

Cump. Bellerophon lIiOITO'IIJCns'is MILLER and DYER, ]878, Contr. to Pal., no. 2, p. 8. 

The specimen upon which this species is founded has, although it IS much 

smaller, relatively nearly the same dimensions and form as P. subcompressa. The 

dorsum however is narrowly rounded instead of broadly, the aperture is triangular 

rather than semi-ovate, and the sinus is narrower, while the thickened base of the 

lip forms a small sharply defined and shallow umbilical depression which is not 

seen in that species. The surface of the specimen is without markings of any kind 

save on the small end of the visible volution where some traces of minutely granu

lose lines are to be detected. Greatest diameter 18 mm.; transverse diameter 13 

mm.; width of aperture 11.5 mm.; central hight of same 8 mm. 

It is possible that this is not distinct from the Bellerophon morrowensis described 

by Miller 'and Dyer from about the same horizon in Ohio. If they prove to be the 

same then their type specimen must be considerably crushed since it is described as 

"lenticular in form" and with the "dorsal side sharply angular." Under the 

circumstances we are obliged to consider our species as distinct. 

FOT/nation and locality.-Richmonc1 groups or the Cincinnati period, near Spring Vailey, Minnesota. 

Collection.-E. O. Ulrieh. 

PROTOW ARTHIA OBESA, n. sp. (Ulrich.) 

P LATE LXIII, FIGS. 45-47. 

Shell rather large, obese, the greatest diameter between 30 mm. and 45 mm., 

the greatest width of the aperture usually about one-tenth less; volutions ventricose, 

almost uniformly rounded, the center of the dorsum just appreciably elevated; 

umbilicus covered by the reflexed or thickened lip, small in the cast; aperture 

transverse, the central hight somewhat greater than half the width; aperturallobes 

rounded, sinus very broad and comparatively shallow, but the depth seems to be 

somewhat variable; test thick. The specimens are all casts of the interior and 

exhibit merely obscure traces of the lines of growth. A small patch of the shell on 

one of the specimens shows that the growth lines are fine and unequal, and that 

revol ving lines are wanting. Two or three broad transverse furrows cross the back 

of each of the five specimens before us. These furrows were produced by 

thickened bands upon the inner :::;ide of the shell, passing almost directly from side 
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Cump. Bellel'Ophon 1I101'1'1J'Wcnsis MILLER and DYER, ]878, Contr. to Pal., no. 2, p. 8. 

The specimen upon which this species is founded has, although it is much 

smaller, relatively nearly the same dimensions and form as P. subcompressa. The 

dorsum however is narrowly rounded instead of broadly, the aperture is triangular 

rather than semi-ovate, and the sinus is narrower, while the thickened base of the 

lip forms a small sharply defined and shallow umbilical depression which is not 

seen in that species. The surface of the specimen is without markings of any kind 

save on the small end of the visible volution where some traces of minutely granu

lose lines are to be detected. Greatest diameter 18 mm.; transverse diameter 13 

mm.; width of aperture 11.5 mm.; central hight of same 8 mm. 

It is possible that this is not distinct from the Bellerophon morrowensis described 

by Miller 'and Dyer from about the same horizon in Ohio. If they prove to be the 

same then their type specimen must be considerably crushed since it is described as 

"lenticular in form" and with the "dorsal side sharply angular." Under the 

circumstances we are obliged to consider our species as distinct. 

FOT1nation and locality.-Richmoncl groups or the Cincinnati period, near Spring Vailey, Minnesota. 

Collcctioll.-E. O. Ulrich. 

PROTOW ARTHIA OBESA, n. sp. t Ulrich.) 

P LATE LXIII, FIGS. 45-47. 

Shell rather large, obese, the greatest diameter between 30 mm. and 45 mm., 

the greatest width of the aperture usually about one-tenth less; volutions ventricose, 

almost uniformly rounded, the center of the dorsum just appreciably elevated; 

umbilicus covered by the reflexed or thickened lip, small in the cast; aperture 

transverse, the central hight somewhat greater than half the width; aperturallobes 

rounded, sinus very broad and comparatively shallow, but the depth seems to be 

somewhat variable; test thick. The specimens are all casts of the interior and 

exhibit merely obscure traces of the lines of growth. A small patch of the shell on 

one of the specimens shows that the growth lines are fine and unequal, and that 

revol ving lines are wanting. Two or three broad transverse furrows cross the back 

of each of the five specimens before us. These furrows were produced by 

thickened bands upon the inner side of the shell, passing almost directly from side 
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to side,-at any rate they are much less sinmLte in the mitldle than is the margin of 

the aperture. 

The ventricose volutions, shaJlow sinus and broad transverse furrows (on casts) 

are the distinctive features. Very young specimens may look much like the largest 

of P. pervoluta, but the adult form, which is all we have seen, is certainly quite 

distinct. P. obesa should be compared with the British P. lrilouata Sowerby sp. (see 

fig. 3, p. 8(9) because it is, according to our opinion, the nearest known American 

representative of that much (mis-) quoted species. And still the American form 

is distinct if only for the reason that the apertural sinus is cleeper in the bilouata. 

Formation and locality.-Lower llec1s of the Trunton group, Burgin anel Danville, Kentucky. 

Collection.-E. O. Ulrich. 

Genus TEl'llANOTA, n. gen. 

Bucania (part.), HALL, 1847, Pal. New York, vol. i, p. 18il. 
Bellerophon (part), WHlTYlELD, 1874. Geol. Wis, vol. iv, p. 22:3. 
Bucane!la (part.), KOREN, 1889, Neues JahrlJUeh f. Mineralogie, ete, Beilagebancl I'i, fl. ::l80. 

For generic characters see page 849. 

Superficially examined the systematic position of this genus will probably 

appear to be between Jl,legalomphala and Euphemus. The relation to the latter how

ever is more apparent than real. Comparing the five species now referred to 

Tetranota we find that the umbilicus, though always present, is yet somewhat 

variable, being very large in T. macra, T. sexcarinata and 1'. bidorsata, moderate in 

T.obsoleta, and comparatively small in T. loisconsinensis. The vertical expansion of 

the aperture is extremely limited in all save the last mentioned, and in this the 

vertical diameter of the volutions also is greatest. The external sculpture, aside 

from the revolving ridges, consists chiefly of lines of growth. These are always 

regular and sharp, but vary in strength with the species. 

While strong revolving lines like those of Bucanin or of Bucanapsis do not occur, 

it is nevertheless a fact that in all cases of Tetranota preserving the external layer 

of the shell, or an impression of the same, we observed a row of minute prominences 

on each of the sublamelliform lines of growth. In a few instances we found further 

that these prominences were in reality the anterior termination~ of very fine short 

striffi crossing from line to line. This style of sculpture, excepting that it is much 

finer, is essentially the same as that marking the B. lindsleyi section of Bucania. 

We attach great weight to this point and believe that it proves our association of 

the genus with the Bucaniidce to be well founded. 
The four revolving dorsal ridges, which we regard as the principal peculiarity 

of the genus, are always distinctly developed on the inner volutions. In T. sexcar-
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to side,-at any rate they are much less sinuate in the mitldle than is the margin of 

the aperture. 

The ventricose volutions, shallow sinus and broad transverse furrows (on casts) 

are the distinctive features. Very young specimens may look much like the largest 

of P. pervoluta, but the adult form, which is all we have seen, is certainly quite 

distinct. P. obesa should be compared with the British P. 'rilofJat(( Sowerby sp. (see 

fig. 3, p. 869) because it is, according to our opinion, the nearest known American 

representative of that much (mis-) quoted species. And still the American form 

is distinct if only for the reason that the apertural sinus is cleeper in the bilobata. 

Formation and locality.-Luwer heels uf the Trunton group, Burgin aml Danville, Kentucky. 

Collection.-E. O. Ulrich. 

Genus TETnANOTA, n. gen. 

Bucania (part.), HALL, 1847, Pal. New Yurk, vul. i, p. 1811. 
Bellerophon (part), WHlTYlELD, 1874. Geol. Wis., vol. iI', p. 22:3. 
Bucanella (part.), KOKEN, 1889, Neues JahrlJUch f. Mineralogie, etc, Beilagebancl I'i, p. :380. 

For generic characters see page 849. 

Superficially examined the systematic position of this genus will probably 

appear to be between JJlegalomphala and Eupllemus. The relation to the latter how

ever is more apparent than real. Comparing the five species now referred to 

Tetranota we find that the umbilicus, though always present, is yet somewhat 

variable, being very large in T. macm, T. sexcarinat(( and T. bidorsata, moderate in 

T.obsoleta, and comparatively small in T. loisconsinensis. The vertical expansion of 

the aperture is extremely limited in all save the last mentioned, and in this the 

vertical diameter of the volutions also is greatest. The external sculpture, aside 

from the revolving ridges, consists chiefly of lines of growth. These are always 

regular and sharp, but vary in strength with the species. 

While strong revolving lines like those of Bucanic( or of Bacanopsis do not occur, 

it is nevertheless a fact that in all cases of Tetranota preserving the external layer 

of the shell, or an impression of the same, we observed a row of minute prominences 

on each of the sublamelliform lines of growth. In a few instances we found further 

that these prominences were in reality the anterior terminations of very fine short 

striru crossing from line to line. This style of sculpture, excepting that it is much 

finer, is essentially the same as that marking the B. lindsleyi section of Bucania. 

We attach great weight to this point and believe that it proves our association of 

the genus with the Bucaniidce to be well founded. 

The four revolving dorsal ridges, which we regard as the principal peculiarity 

of the genus, are always distinctly developed on the inner volutions. In T. sexcar-
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inata they continue also over the outer volution quite to the margin of the aperture. 

In T. bidorsata and T. wisconsinensis the two central ones become more prominent 

toward the aperture, and on casts of the interior usually appear as a broad and 

more or less flat-topped single ridge. In the former the lateral ridges, though 

much less distinct, are still distinguishable in the outer half of the last whorl, but 

in the latter not a trace of them is to be seen on any part of the outer volution of 

casts of the interior, the only condition in which the species is known. The same 

is true of T. obsoleta with the addition that the double central ridge also is much 

less developed than in the other species. 

The unusual width of the slit-band, which lies between the two central ridges 

and is more or less concave-never much so,-is another important characteristic, 

though not entirely confined to Tetranota. 

Briefly the new genus differs from all the other genera of the suborder in the 

possession of four dorsal ridges. In most other respects we flnd that Tetranota 

agrees closely with Bucania and ][egalomphala. Still there are some good additional 

differences. Thus, Bucania has a narrower slit-band and longer slit, besides stronger 

revolving surface sculpture, while.][egalomphala agrees in all respects with Bucania 

excepting that it has no revolving lines. The Cambrian Owen ella, though reminding 

one in a general way of Tetranota, is distinguished at once by the absence of a slit

band. It is scarcely necessary to extend our comparisons to such widely different 

types as Belleroplton, Bucanopsis and Protoww·thia. 

As to the shells of Euphemus, about which genus we have already (see page 856) 

expressed the opinion that it is an atavistic type of Carboniferous Bellerophontidce, 

they have no umbilicus and their apertures are even less expanded. Further, they 

have an inner lip slightly thickened later~lly and its central portion, which bears more 

or less numerous revolving folds, is spread as a thin sheet over the inner volutions and 

part of the outer. These folds may recall the ridges of Tetranota, but are in reality 

quite different, being a feature of the ventral side of the shell in the one case and of 
the dorsal side in the other. 

Koken (loc. cit.) connects several Silurian and Devonian species of Europe with 

T. bidorsata. In this he has doubtless committed an error, while his proposal to use 

Meek's Bucanella for the group seems to us quite unwarranted. In the first place 

his Bucanella esthona and B. sltbt1"'iata Krause sp. (we are not sufficiently acquainted 

with the others to include them in our opinion) are not congeneric with T. bidorsata, 

being without the characteristic dorRal ridges, while they have uninterrupted straight 

revol ving lines which do not occur in a Tetranota. Where the subtriata belongs is 

most difficult to say just now,* but of the esthona we may say that it is kept out of 

* We refer to this species again in our remarks on Bucanopsis. 
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inata they continue also over the outer volution quite to the margin of the aperture. 

In T. bidorsata and T. wisconsinensis the two central ones become more prominent 

toward the aperture, and on casts of the interior usually appear as a broad and 

more or less flat-topped single ridge. In the former the lateral ridges, though 

much less distinct, are still distinguishable in the outer half of the last whorl, but 

in the latter not a trace of them is to be seen on any part of the outer volution of 

casts of the interior, the only condition in which the species is known. The same 

is true of T. obsoleta with the addition that the double central ridge also is much 

less developed than in the other species. 

The unusual width of the slit-band, which lies between the two central ridges 

and is more or less concave-never much so,-is another important characteristic, 

though not entirely confined to Tetmnota. 

Briefly the llew genus differ" from all the other genera of the suborder in the 

possession of four dorsal ridges. In most other respects we flnd that Tetranota 

agrees closely with Bllcunia and ]legalomphala. Still there are some good additional 

differences. Thus, Bucania has a narrower slit-band and longer slit, besides stronger 

revol ving surface sculpture, while_ ]legalomphala agrees in all respects with Bucania 

excepting that it has no revolving lines. The Cambrian 01Oenella, though reminding 

one in a general way of Tttranota, is distinguished at once by the absence of a slit

band. It is scarcely necessary to extend our comparisons to such widely different 

types as BelleropTton, Bucanopsis and Protowco·thia. 

As to the shells of Euphemus, about which genus we have already (see page 856) 

expressed the opinion that it is an atavistic type of Carboniferous Bellerophontidce, 

they have no umbi1icus and their apertures are even less expanded. Further, they 

have an inner lip slightly thickened laterally and its central portion, which bears more 

or less numerous revolving folds, is spread as a thin sheet over the inner volutions and 

part of the outer. These folds may recall the ridges of Tetmnota, but are in reality 

quite different, being a feature of the ventral side of the shell in the one case and of 

the dorsal side in the other. 

Koken (loc. cit.) connects several Silurian and Devonian species of Europe with 

T. bidorsata. In this he has doubtless committed an error, while his proposal to use 

Meek's Bucanellrt for the group seems to us quite unwarranted. In the first place 

his Bllcanella esthona and B. subtriata Krause sp. (we are not sufficiently acquainted 

with the others to include them in our opinion) are not congeneric with T. bidorsata, 

being without the characteristic dorsal ridges, while they have uninterrupted straight 

revol ving lines which do not occur in a Tetmnota. Where the subtriata belongs is 

most difficult to say just now, * but of the esthona we may say that it is kept out of 

• We refer to this spedes agaiu in our remarks on BUCCHlOpsis. 
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Bucania by its wide slit-band and straight revolving lines, while the fir::;t character, 

together with its different (Bucania-like) aperture excludes it from Bucanopsis. 

Having to describe a similar species from Minnesota, we have concluded to establish 

a new genus, Kolcen:ia, for their especial benefit. 

The vertical range of three of the species of Tetmnota is more extended than 

usual with Bellerophontacea. T. obsoleta occurs in the Vanuxemia bed of the Stones 

River group, in the Ctenodonta bed of the Black River group, and reappears; appar

ently very slightly modified, in the Utica group at Cincinnati; T. bidorsala occurs in 

the lowest division of the Stones Rive;' group of Tennessee, in the Black River group 

in Minnesota and Canada, and in the Trenton of Minnesota, Kentucky, Tennessee, 

New York and Canada; T. se.rcar£nata is found in the Vanuxemia bed in Minnesota, 

Wisconsin and Illinois, in the" Glade limestone" of Tennessee, and in the Fusispira 

bed of the Trenton in Minnesota. T. wisconsinensis is as yet known only from the 

Vanuxemia bed in Minnesota, Wisconsin and Illinois, while T. macm occurs in the 

same bed at Minneapolis. 

TETRANoTA RIDORRATA Hall. 

PLATE LXV. FIGS. 10-18. 

Bucania bicZorsata HALL, 1847, Pal. N. Y., Yol. i, p. 186. 

Shell usually about 12 mm. in hight, but the hight may exceed 20 mm., and 

occasionally reaches 25 mm.; volutions two and a half to three and a half, vertically 

compressed, sublunate in section, the width for the inner volutions or in young 

specimens a little greater than twice the hight; in old examples the increasing 

altitude of the centro-dorsal ridges causes the width just behind the aperture to be 

proportionally somewhat less; umbilicus large, deep, rather sharply defined, the 

width generally about half of the greatest diameter of the shell; the latter dimension 

is to the greatest width of the aperture about as three is to four. Aperture some

'what abruptly expanded laterally, the hight and width about as three is to seven; 

slightly indented by the preceding whorl; lips thin, the outer one with a moderately 

deep emargination, taking up between one-fourth and one-third of the anterior 

outline; depth of the same about one-fifth less than its width. Dorsum with four 

strong revolving ridges, the two central ones nearer each other than to the lateral 

ones, and higher, the altitude also increasing gradually to the apertnre; between 

them lies the broad slit-band which is more distinctly concave on the shell than on 

internal casts, the double ridge in the latter, particularly near the aperture, often 

appearing as a broad aud more or less fiat-topped single ridge; on each side of the 

central ridges thera is firat a broad groove, then an obtusely angular ridge, and 
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Bucania by its wide slit-band and straight revolving lines, while the fir;,;t character, 

together with its different (Bucania-like) aperture excludes it from Bur:anopsis. 

Having to describe a similar species from Minnesota, we have conclude(l to esbtblish 

a new genus, Kolcen:ia, for their especial benefit. 

The vertical range of three of the species of Tetmnota is more extended than 

usual with Bellerophontacea. T. obsoleta occurs in the Va,nuxemia bed of the Stones 

River group, in the Ctenodonta bed of the Black River group, and reappears; appar

ently very slightly modified, in the Utica group at Cincinnati; T. lJirlorsata occurs in 

the lowest division of the Stones Rive~' group of Tennessee, in the Black River group 

in Minnesota and Canada, and in the Trenton of Minnesota, Kentucky, Tennessee, 

New York and Canada; T. se,rcar£nata is fouud in the Vanuxemia beel in Minnesota, 

Wisconsin and Illinois, in the" Glade limestone" of Tennessee, and in the Fusispira 

bed of the Trenton in Minnesota. T. wiscotlsinensis is as yet known only from the 

Vanuxemia bed in Minnesota. Wisconsin and Illinois, while T. macm occurs in the 

same bed at Minneapolis. 

TETRANoTA RIDORSATA f[uU. 

PLATE LXV. FIGS. lO~18. 

Bucania biclol'sata HALL, 1847, Pal. N. Y., \'o!. i, p. 186. 

Shell usually about 12 mm. in hight, but the hight may exceed 20 mm., aud 

occasionally reaches 25 mm.; volutions two and a half to three and a half, vertically 

compressed, sublunate in section, the width for the inner volutions or in young 

specimens a little greater than twice the hight; in old examples the increa~ing 

altitude of the centro-dorsal ridges causes the width just behind the aperture to be 

proportionally somewhat less; umbilicus large, deep, rather sharply defined, the 

width generally about half of the greatest diameter of the shell; the latter dimension 

is to the greatest width of the aperture about as three is to four. Aperture some

'what abruptly expanded laterally, the hight and width about as three is to seven; 

slightly indented by the preceding whorl; lips thin, the outer one with a moderately 

deep emargination, taking up between one-fourth and one-third of the anterior 

outline; depth of the same about one-fifth less than its width. Dorsum with four 

strong revolving ridges, the two central ones nearer each other than to the lateral 

ones, and higher, the altitude also increasing gradually to the aperture; between 

them lies the broad slit-band which is more distinctly concave on the shell than on 

internal casts, the double ridge in the latter, particularly near the aperture, often 

appearing as a broad and more or le::38 flat-topped single ridge; on each side of the 

central ridges thera is fir.iit a broad groove, then an obtusely angular ridge, and 
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finally a narrower groove which slopes down to the angular or sharply rounded 

side of the volution. While the central pair of ridges increases in prominence, the 

lateral pair becomes more and more indistinct on the last volution, till at the aper

tural margin they are s?arcely distinguishable,-at any rate th.is is true of casts. 

The transverse surface markings are prominent, regular, visible to the unassisted 

eye, about three in .1 mm.; the course of the strifB from the umbilicus is at first 

nearly straight across, and it is only in the centro-lateral grooves that they 

curve backward very strongly. When the characters of the external layer are 

preserved, these very fine short lines are to be seen crossing the transverse lines 

rectangularly. 

Variety MINOR, n. var. 

(Not figured.) 

This subordinate name is proposed for a small variety of the species which we 

have found in the Black River shales of Minnesota. The largest specimen seen is 

less than 10 mm. in hight. All four of the dorsal ridges retain their prominence to 

the apertural margin, and in this respect the variety is like T. sexcarinata. The 

edge of the umbilicus, however, is not angular, but narrowly rounded, while the 

transverse striffi are much finer, eight or ten occurring in the space of I mm. On 

the best specimen each of the transverse lines carries a row of very minute 

prommences. 

Although we have not seen the original types of this species, we are still 

reasonably confident that the specimens above described are of the form to which 

the name bidorsata should be restricted. That authors and collectors have included 

under this name more than one species is clear from published lists, they having no 

doubt viewed the dorsal ridges as a specific feature, while we regard them as of 
generic importance. 

Formation and localUy.-Stones Rive: group (Oentral limestone), Murfreesboro, Tennessee; Black 
River group (OLenodonta becl,-var. minor), Minneapolis, St. Paul, Oannon Falls, and near Fountain, Min·' 
nesota; Trenton gronp (Olitambonites and ?Fusispira beds), St. Paul, Oannon Falls, and near Fountain, 
Minnesota. In Oanada Billings catalogues it as a Black River and Trenton fossil; in Kentucky and Ten
nessee it occurs in the same groups. .H aU's original types are from the lower beds of the Trenton at 
Middleville and Watertown, New York. Testiferous examples are very rare in Minnesota, but casts are 
rather common in the Olitambonites lied at several points in Goodhue county. 

Collel,tions.-Gcological and Naturai History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, Nos. 7382,7435,7439, 7456, 7513, 7022. 

TETRANOTA SEXOARINATA, n. Sp. 

PLATE LXV,; FIGS. 3-0. 

This species grew to a larger size th "l,n Hall's T. bidorsata, the average hight 

being from 25 mm. to 30 mm. The volutiL'llS also are somewhat wider the hight , '. 

878 THE PALEONTOLOGY OF MINNESOTA. 
[Tetl'anota sexcarinata. 

finally a narrower groove which slopes down to the angular or sharply rounded 

side of the volution. While the central pair of ridges increases in prominence, the 

lateral pair becomes more and more indistinct on the last volution, till at the aper

tural margin they are s9arcely distinguishable,-at any rate this is true of casts. 

The transverse surface markings are prominent, regular, visible to the unassisted 

eye, about three in 1 mm.; the course of the strifB from the umbilicus is at first 

nearly straight across, and it is only in the centro-lateral grooves that they 

curve backward very strongly. When the characters of the external layer are 

preserved, these very fine short lines are to be seen crossing the transverse lines 

rectangularly. 

Variety MINOR, n. val'. 

(Not figured.) 

This subordinate name is proposed for a small variety of the species which we 

have found in the Black River shales of Minnesota. The largest specimen seen is 

less than 10 mm. in hight. All four of the dorsal ridges retain their prominence to 

the apertural margin, and in this respect the variety is like T. sexcarinata. The 

edge of the umbilicus, however, is not angular, but narrowly rounded, while the 

transverse striLB are much finer, eight or ten occurring in the space of 1 mm. On 

the best specimen each of the transverse lines carries a row of very minute 

pronunences. 

Although we have not seen the original types of this species, we are still 

reasonably confident that the specimens above described are of the form to which 

the name bidorsatrt should be restricted. That authors and collectors have included 

under this name more than one species is clear from published lists, they having rio 

doubt viewed the dorsal ridges as a specific feature, while we regard them as of 

generic importance. 

Formation and locality.-Stones Rive, group (Central limestone), Murfreesboro, Tennessee; Black 
River group (CLenndonta be(l,-var. min01'), Minneapolis, St. Paul, Cannon Falls, and near Fountain, Min-' 
ncsota; Trenton group (Clitalllbonites and ?Fusispira beds), St. Paul, Cannon Falls, and near Fountain, 
Minnesota. In Canada Billings catalogues it as a Black River and Trenton fossil; in Kentucky arid Ten
nessee it occurs in the same groups. Hall's original types are from the lower beds of the Trenton at 
Middleville and Watertown, New Yurko Testiferous examples are very rare in Minnesota, but casts are 
rather COltllllOn in the Clitambonites bed at several points in Goodhue county. 

CollCl'liolls.-Genlngical anel Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum RegisteT, Nos. 7:382,7435, 7439, 7456, 7513, 7b22. 

TETRANOTA SEXCARINATA, n. sp. 

PLATE LXV,: FIGS. 3-D. 

This species grew to a larger size th <tn Hall's T. bidorsata, the average hight 

being from 2G mm. to 30 mm. The volutll'!l.S also are somewhat wider, the hight 
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and width being respectively as two is to five. The dor.sal ridges differ in this that 

the centro-lateral pair continues in full strength almost or quite to the apertural 

margin. There is besides a lateral pair of ridges, not so strong as the others though 

still quite distinct, making in all six revolving ridges. This outermost pair may 

occasionally appear to be represented in T. bidorsata, though never so distinctly; 

yet when carefully compared it will be noticed that T. sexGrainaia really has an 

extra pair, since the ones which in Hall':,,; species form the extreme lateral bound

aries of the volutions, and at the same time the edge of the umbilicus, are present 

also in T. sexcarinata. The umbilicus is of about the same size and character in the 

two species, but the mouth and surface markings are different. The sinus in the 

outer lip, namely, is deeper and much wider, the backward sweep of the lines of 

growth beginning already between the edge of the umbilicus and the outer ridge 

instead of at the centro-lateral ridge. Furthermore, the lines are much farther 

apart and coarser, the distance from line to line averaging about 1 mm. Finally, 

the lines of growth are, though more or les8 obscurely, reproduced on casts of the 

interior, while no trace of them is observable on casts of the other species. 

With the differences mentioned there can be no reasonable doubt about the 

specific distinctness of T. sexcarinata and T. bidol'saia; and the others are still farther 

removed. Good adult specimens cannot be confused, only the young being 

sufficiently alike to render separation difficult. 

Formation and locality.-Stones River group (Vanuxemia bed), Minneapolis, St. Paul and Cannon 
Falls, Minnesota; Beloit and Jane'lville, Wisconsin; Dixon, Ill.: Lebanon and Lavergne, Tennessee. Tren
ton group (Fusispira bed), Fillmore county, Minnesot,a. 

Coller.tiolls.-Geological and Natural History Survey of Minnesota; E. O. Ulricb. 

Museum Register, Nos. 5064, 75:30. 

TETRANoTA MACRA, n. sp. 

PLATE LXV, FIGS. 1 "nd 2. 

This species reminds one in its markings of T. sexcarinaia, but has only four 

dorsal ridges. The lines of growth also are stronger, showing distinctly on casts. 

The umbilicus is relatively larger than in any of the other species of the genus and 

the sides of the volutions more sharply angular. Corresponding differences occur 

in the form of the aperture. 

FormaUon and locality.-Vanuxemia bed, Stones River group, Minneapolis, Minnesota. 

Collection . ....:.-E. O. Ulrich. 
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and width being respectively as two is to five. The dor.sal ridges cliffer in this that 

the centro-lateral pair continues in full strength almost or quite to the apertural 

margin. 'l'here is besides a lateral pair of ridges, not so strong as the others though 

still quite distinct, making in all six revolving ridges. This outermost pair may 

occasionally appear to be represented in T. bidorsata, though never so distinctly; 

yet when carefully compared it will be noticed that T. sexc(U'inata really has an 

extra pair, since the ones which in Hall's species form the extreme lateral bound

aries of the volutions, and at the same time the edge of the umbilicus, are present 

also in T. sexcarinata. The umbilicus is of about the same size and character in the 

two species, but the mouth and surface markings are different. The sinus in the 

outer lip, namely, is deeper and much wider, the backward sweep of the lines of 

growth beginning already between the edge of the umbilicus and the outer ridge 

instead of at the centro-lateral ridge. Furthermore, the lines are much farther 

apart and coarser, the distance from line to line averaging about 1 mm. Finally, 

the lines of growth are, though more or less obscurely, reproduced on casts of the 

interior, while no trace of them is observable on casts of the other species. 

With the differences mentioned there can be no reasonable doubt about the 

specific distinctness of T. sexcarinata and T. bidorsata; and the others are still farther 

removed. Good adult specimens cannot be confused, only the young being 

sufficiently alike to render separation difficult. 

Formation and locality.-Stones River group (Vanuxemia bed), l\Tinneapolis, St. Paul and Cannon 
Falls, Minnesota; Beloit and Janesville, Wisconsin; Dixon, Ill.: Lebanon and Lavergne, Tennessee. Tren
ton group (Fusispira bed), Fillmore county, Minnesot,a. 

Golle~tiolls.-Geological and Natural History Survey of Minnesota; E. O. Ulrich . 

. Museum Register, Nos. 5064, 7530. 

TETRANoTA MACRA, n. SJi. 

PLATE LXV, IeIGS. 1 and 2. 

This species reminds one in its markings of T. se.rcarinata, but has only four 

dorsal ridges. The lines of growth also are stronger, showing distinctly on casts. 

The umbilicus is relatively larger than in any of the other species of the genus and 

the sides of the volutions more sharply angular. Corresponding differences occur 

in the form of the aperture. 

Format'ion and locality.-Vanuxemia bed, Stones River group, Minneapolis, Minnesota. 

Gollection.-E. O. Ulrich. 
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TETRANOTA OBSOLETA, n. sp. 

PLATE LXV, FIGS. 19-23. 

This species differs from T. vidol'sata in several obvious respects. Chief among 

these is the fact that the revolving ridges are much less developed, especially on the 

last volution, the centro-lateral pair being quite obsolete except on the inner volutions, 

while even the central pair does no more than to merely maintain the same strength 

relatively that it held in earlier stages. Interior casts of mature shells exhibit a 

broad, comparatively low and more or less distinctly grooved central ridge, beyond 

which the surface is first shallowly excavated and then gently convex to the lateral 

boundaries of the volutions,.which again are not angular but narrowly rounded. The 

exterior of the shell looks the same, only the ridges bordering the slit-band appear 

thinner and sharper. Continuing our comparisons with T. bidol'sata we find that the 

umbilicus is smaller and less abrupt, and the volutions more rounded on each side and 

therefore elongate-reniform in cross-section. 

The form of the aperture and the surface markings seem to be very nearly the 

same in the two species. The latter were easily abraded, and on only a single 

specimen, -it is from the Utica group at Cincinnati and doubtfully referred 

to the species, - have we been able to make them out at all. In this specimen 

they are imperfectly preserved near the aperture. Here they appear to be 

somewhat finer than in T. bidorsata and each seems to have borne a row of minute 

prominences. 

It is scarcely likely that anyone will ever find it difficult to separate T. obsoleta 

from T. sexcal'inata, the apertural sinus being deeper and the revolving ridges even 

more prominent and constant in that species than in T. bidul'sata. 

The largest specimens of T. obsoleta occur in the Vanuxemia bed of the Stones 

River group at Minneapolis. One of these has a hight of nearly 30 mm. The others 

range from this size down to about 15 mm. The average hight of the specimens 

from the Black River and Trenton groups is less, being only about 15 mm., while in 

the largest it did not exceed 20 mm. In the Utica group however the average was 

increased again to almost 20 mm. 

Formation and locality.-Stones River group (Vanuxemia bed), Minneapolis and St. Paul, Minne
sota; Janesville, Wisconsin. BlaGk River group, Mercer county, Kentucky; (in Otenodonta bed) Ohatfield 
and six miles south of Cannon Falls, Minnesota. Trenton group (Fusispira bed), Goodhue couty, Minne
sota. Utica group at Cincinnati, Ohio, and localities in the vicinity of that city. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

llIuseum Register, Nos. 510, [;109, 7294, 746:;. 
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TETRANOTA OBSOLETA, n. sp. 

PLATE LXV, FIGS. 19-23. 

This species differs from T. vidorsaia in several obvious respects. Chief among 

these is the fact that the revolving ridges are much less developed, especially on the 

last volution, the centro-lateral pair being quite obsolete except on the innervolutions, 

while even the central pair does no more than to merely maintain the same strength 

relatively that it held in earlier stages. Interior casts of mature shells exhibit a 

broad, comparatively low and more or less distinctly grooved central ridge, beyond 

which the surface is first shallowly excavated and then gently convex to the lateral 

boundaries of the volutions,.which again are not angular but narrowly rounded. The 

exterior of the shell looks the same, only the ridges bordering the slit-band ~ppear 
thinner and sharper. Continuing our comparisons with T. bidorsata we find that the 

umbilicus is smaller and less abrupt, and the volutions more rounded on each side and 

therefore elongate-reniform in cross-section. 

The form of the aperture and the surface markings seem to be very nearly the 

same in the two species. The latter were easily abraded, and on only a single 

specimen,-it is from the Utica group at Cincinnati and doubtfully referred 

to the species, - have we been able to make them out at all. In this specimen 

they are imperfectly preserved near the aperture. Here they appear to be 

somewhat finer than in T. bidorsata and each seems to have borne a row of minute 

prominences. 

It is scarcely likely that anyone will ever find it difficult to separate T. obsoleta 

from T. sexcarinata, the apertural sinus being deeper and the revolving ridges even 

more prominent and constant in that species than in T. bidursata. 

The largest specimens of T. obsoleia occur in the v~ anuxemia bed of the Stones 

River group at Minneapolis. One of these has a hight of nearly 30 mm. The others 

range from this size down to about 15 mm. The average hight of the specimens 

from the Black River and Trenton groups is less, being only about 15 mm., while in 

the largest it did not exceed 20 mm. In the Utica group however the average was 

increased again to almost 20 mm. 

Formation and /ocality.-Stones River group (Vanuxemia bed), Minneapolis and St. Paul, Minne· 
sota; Janesville, Wisconsin. Blac;k River group, Mercer county, Kentucky; (in Ctenodonta bed) Ohatfield 
and ;;ix miles south of Cannon Falls, Minnesota. Trenton group (Fusispira bed), Goodhue couty, Minne
sota. Utica group at CinCinnati, Ohio, and localities in the Vicinity of that city. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich . 

.Museum Register, Nos. 510, 5109, 729+, 7465. 



Tetranota wisconsinensis.l 
GASTROPODA. 881 

TETRANOTA WISCONSINENSIS Whitfield. 

PLA'rE LXV, FIGS. 20--2!1. 

Bellerophon wisconsinensis WHITFIELD, 1878, Ann. Rept. Geol. Surv. Wis., p. 76; also J8t:\2, Gcol. Surv. 
Wis., vol. iv, p. 223, pI. VI, figs. 15, 16. 

Greatest hight of shell varying in the material before us from 8 mm. to 37 mm.; 

closely coiled for the genus, subglobular in form when young, but becoming strongly 

bilobed, with the last volution less inrolled and the lips greatly expanded laterally 

and somewhat also above (yet not materially thickened) in the adult form; in the 

latter the outer lip is deeply notched in the middle, the notch spreading anteriorly 

more slowly than usual, the lobes on each side rounded-triangular in outline. 

Dorsal periphery of casts with a broad, revolving band, the top of which may be 

slightly convex, flat or concave, the whole increasing in elevation with age; on each 

side of the central band the inner volutions (as seen in fractured specimens) have 

first a concave space and then a ridge, but these pertain chiefly to the exterior side 

of the shell, being only in rare cases, and always with difficulty, distinguishable on 

casts; inner volutions elongate-reniform in section, outer volution more triangular; 

umbilicus comparatively small, the width only about one-fifth of the greatest 

diameter of the shell. Surface markings not fully determined, apparently as in T. 

obsoleta and T. bidorsata. 

The essential generic characters (i. e., the revolving ridges) were overlooked by 

Prof. Whitfield. Still he noticed the resemblance to the adult form of T. bidorsata, 

which species he regarded as a Bucania, while his wisconsinensis he held to be "a 

tru.e Bellerophon, as is readily seen by the closed or nearly closed umbilicus." But 

differences in the size of the umbilicus, when other characters agree, are now con

sidered as of small importance. In this case certainly it is not of material 

consequence. Besides, the umbilicus is not by any means closed, there having 

been no axial thickening which might have filled the not very small cavity seen in 

casts. 

Yourig specimens showing the inner volutions of T. 'wisconsinensis closely resemble 

those of T. obsoleta, the only difference observable in casts being that the umbilicus 

is slightly smaller and the volutions more ventricose in the present form. Adult 

specimens of the two species cannot be confounded, the last volution being higher, 

with flattened slopes, and less inrolled in T. '1visconsinensis, the whole producing a 

very differently shaped aperture. T. bidorsata and T. sexcarinata have more com

pressed whorls, much larger umbilicus, and a wider as well as otherwise differently 

shaped mouth, while for both the lateral ridges are conspicuous features of casts, 

which is not at all the ci1se in T. wisconsinensis . 
. ,--pg 

Tetranota wisconsinensis., 
GASTROPODA. 881 

TETRANoTA WISCONSINENSIS Whitfield. 

PLATE LXV, FIGS. 26--2!1. 

Belleropho'll wisconsi'llensis WHITFIELD, 1878, Ann. Rept. Geol. Surv. Wis., p. 76; also J8t:\2, G()ol. Surv. 
Wis., vol. iv, p. 223, pI. VI, figs. 15, 16. 

Greatest hight of shell varying in the material before us from 8 mm. to 37 mm.; 

closely coiled for the genus, subglobular in form when young, but becoming strongly 

bilobed, with the last volution less inrolled and the lips greatly expanded laterally 

and somewhat also above (yet not materially thickened) in the adult form; in the 

latter the outer lip is deeply notched in the middle, the notch spreading anteriorly 

more slowly than usual, the lobes on each side rounded-triangular in outline. 

Dorsal periphery of casts with a broad, revolving band, the top of which may be 

slightly convex, flat or concave, the whole increasing in elevation with age; on each 

side of the central band the inner volutions (as seen in fractured specimens) have 

first a concave space and then a ridge, but these pertain chiefly to the exterior side 

of the shell, being only in rare cases, and always with difficulty, distinguishable on 

casts; inner volutions elongate-reniform in section, outer volution more triangular; 

umbilicus comparatively small, the width only about one-fifth of the greatest 

diameter of the shell. Surface markings not fully determined, apparently as in T. 

obsoleta and T. bidorsata. 

The essential generic characters (i. e., the revolving ridges) were overlooked by 

Prof. Whitfield. Still he noticed the resemblance to the adult form of T. bidorsata, 

which species he regarded as a Bztcaniu, while his wisconsinensis he held to be "a 

trQe Bellerophon, as is readily seen by the closed or nearly closed umbilicus." But 

differences in the size of the umbilicus, when other characters agree, are now con

sidered as of small importance. In this case certainly it is not of material 

consequence. Besides, the umbilicus is not by any means closed, there having 

been no axial thickening which might have filled the not very small cavity seen in 

casts. 

Young specimens showing the inner volutions of T. wisconsinensis closely resemble 

those of T. obsoleta, the only difference observable in casts being that the umbilicus 

is slightly smaller and the volutions more ventricose in the present form. Adult 

specimens of the two species cannot be confounded, the last volution being higher, 

with flattened slopes, and less inrolled in T. lOisconsinensis, the whole producing a 

very differently shaped aperture. T. bidorsata and T. sexcarinata have more com

pressed whorls, much larger um.bilicus, and a wider as well as otherwise differently 

shaped mouth, while for both the lateral ridges are conspicuous features of casts, 

which is not at all the c~se in T. wisconsinensis. 
'~(>g 
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Formation anc/ /ocality.-Stones River group, Beloit and Janesville. Wisconsin; Minneapolis and 
St. Paul, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; University of Wisconsin; E. O. 
Ulrich. 

Museum Register, Nos. 665, 5108, 7297, 7316, 7284. 

Genus KOKENIA, n. gen. 

Bucmwlla, KOREN, 1889, N. Jahrbuch f. Mineralogie, etc., Beilageband vi, p. 389. (Not Meek.) 

For generic diagnosis !:lee page 848. For remarks see the fol1owing specific 

desr,ription and under Tetranota and BucanQPsis. 

KOKENIA COSTALIS, n. sp. 

PLATE LXIV, FIGS. j6-49. 

Shell small, about 10 mm. in hight; volutions enlarging (apparently) gradually 

to the aperture, depressed, somewhat reniform in section, the hight and width 

respectively as four is to six and a half; slit-band wide, fiat, sharply defined, some

what elevated; on each side the surface descends first into a broad concavity, 

beyond which the slope continues, now with increasing convexity, to the sharply 

rounded or subangular edge of the umbilicus; the latter is deep, and about one-third 

as wide as the greatest diameter of the shell. Surface with seven straight revolving 

lines on each /Side between the edge of the umbilicus and the slit-band; the first 

on each side of the latter weaker than the others. The slit-band show faint 

evidence of having borne four or five very fine longitudinal lines. Transverse lines 

very fine, about eight in 1 mm., running, with little curvature, obliquely backward 

from the sides of the volutions to the slit-band, joining the same at an angle of 
something like 45 degrees. 

We have seen but a single imperfect specimen of this species, and were it 

not tha,t it belongs to a very interesting and easily recognized type, we would 

scarcely be justified in describing it. We regard it as closely related to Koken's 

species esthona, which he, as we have already stated (pp. 849, 876), erroneously places 

with Hall's Bucania bidorsata, in the genus Bucanella, Meek. Since Koken's species 

is not a Bucanella and the bidorsata is the type of our Tetranota, the question arises, 

can the esthona also be included in that genus ~ We will admit at once that they are 

related forms, yet we think the answer must be in the negative, and for two reasons: 

first, the aperture is much less expanded laterally in the species esthona and costa lis 

than it should be in Tetranotaj second, the revolving surface lines continue to the 

aperture and are too numerous to be considered as equivalent to the four constant 

dorsal ridges of T. bidorsata. As there is no other genus in which the two species 

might be placed, we propose a new one with the name KoJcenia. 
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Formation ancl locality.-Stones River group, Beloit and Janesville, Wisconsin; Minneapolis and 
St. Paul, Minnesota. 

Collcctions.-Geological and Natural History Survey of Minnesota; Uni versity of Wisconsin; E. O. 
Ulrich. 

Museum Register, Nos. 665, 5108, 7297, 7316, 7284. 

Genus KOKENIA, n. gen. 

Buwnella, KOEEN, 1889, N. Jahrbuch f. Mineralogie, etc., Beilageband vi, p. 389. (Not Meek.) 

For generic diagnosis r,;ee page 848. For remarks see the following specific 

desf:ription and under Tetranota and Bucanopsis. 

KOKENIA COSTALIS, n. sp. 

PLATE LXIV, FIGS. 46-49. 

Shell small, about 10 mm. in hight; volutions enlarging (apparently) gradually 

to the aperture, depressed, somewhat reniform in section, the hight and width 

n~spectively as four is to six and a half; slit-band wide, fiat, sharply defined, some

what elevated; on each side the surface descends first into a broad concavity, 

beyond which the slope continues, now with increasing convexity, to the sharply 

rounded orsubangular edge of the umbilicus; the latter is deep, and about one-third 

as wide as the greatest diameter of the shell. Surface with seven straight revolving 

lines on each I:>ide between the edge of the umbilicus and the slit-band; the first 

on each side of the latter weaker than the others. The slit-band show faint 

evidence of having borne four or five very fine longitudinal lines. Transverse lines 

very fine, about eight in 1 mm., running, with little curvature, obliquely backward 

from the sides of the volutions to the slit-band, joining the same at an angle of 

something like 45 degrees. 

We have seen but a single imperfect specimen of this species, and were it 

not tha,t it belongs to a very interesting and easily recognized type, we would 

scarcely be justified in describing it. We regard it as closely related to Koken's 

I:>pecies esthona, which he, as we have already stated (pp. 849,876), erroneously places 

with Hall's Bucania bidorsata, in the genus Bucanella, Meek. Since Koken's species 

is not a Bucanella and the bidorsata is the type of our Tetranota, the question arises, 

can the esthona also be included in that genus ~ We will admit at once that they are 

related forms, yet we think the answer must be in the negative, and for two reasons: 

first., the aperture is much less expanded laterally in the species esthona and costalis 

than it should be in Tetranota; second, the revolving surface lines continue to the 

aperture and are too numerous to be considered as equivalent to the four constant 

dorsal ridges of T. bidorsata. As there is no other genus in which the two species 

might be placed, we propose a new one with the name KoJcenia. 
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Specifically, K. costalis differs from K. esthona in the lesser prominence of the 

slit-band. A careless or inexperienced observer might confuse it with the associ

ated Tetranota bidorsata, yet anyone accustomed to the work of discriminating 

between fossils can scarcely fail in separating them at once. 

Formation and locality.- Clitambonites bed of the Trenton group, ncar Cannon Falls, Minnesota. 

Collection.-E. O. Ulrich. 

Genus BUCANIA, Hcdl. 

Bucania (part.), HALL, 1847, Pal. New York, Yol. i, p. :32. WAAGEN, 1880, PaL Indica, sel'. ];3, pt. 2, 
pp. 130-]50. KOI;:EN, ]889, N . .Jahrbueh f. Mineralogie, etc., Deilageband 
vi, p. 379. 

For generic characters see page 850. 

As originally defined by Hall, this genus was to include bellerophontid shells 

having a large umbilicus. For many years the genus was regarded as of very 

doubtful value, paleontologists having learned that the relative size of the umbilicus 

was not of itself sufficient ground for a separate genus. The fact that the original 

types of Bucania had revolving lines was not considered of consequence by Hall in 

1847, nor by any other paleontologist who had occasion to refer to the bellerophon

tids previous to 1880. In this year an important work on these symmetrically 

involute shells was published by Waagen (op. cit.). This author proposed to apply 

the name Bucania to all bellerophontids possessing revolving striffi, and he redefined 

the genus in accordance with his view. 

While it is not to be denied that Waagen's proposal was a decided improvement 

upon previous attempts, it is still evident that his arrangement is artificial. His 

definition is too broad since it includeB a variety of types that, while agreeing with 

the originals of Bucania in having spiral lines, are nevertheless widely removed from 

them genetically and readily distinguished by other characters. Lines of one kind 

or another, having a spiral direction, occur not only in species of the type of Bllcania 

sulcatina, but in Salpingostoma and Tremanotus and in the new genera Cyrtolitin((, 

Conradella and Tetranota. Then they occur in the very best development in a large 

group of species, ranging in time from the Trenton group to the close of the 

Paleozoic age, which we have decided to separate as a new genus under the name of 

Bucanopsis. 

The trouble with Bucania has been that its real peculiarities have never been 

appreciated. Hall, as stated, regarded the large open umbilicus as distinctive for 

the genus. His description says also that the mouth is abruptly expanded, but in 

this doubtless he was influenced by his B. expansa, which now is not a Bucania but a 

Salpingostoma. The name ofi'the genus was most probably inspired by the same 

species, and if it had been customary at that time to designate the type of a genus his 
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Specifically, K. costalis differs from K. esthona in the lesser prominence of the 

slit-band. A careless or inexperienced observer might confuse it with the associ

ated Tetranota bidorsata, yet anyone accustomed to the work of discriminating 

between fossils can scarcely fail in separating them at once. 

Formation and locality.- CHtambonites lJed of thc Trenton group, nC<ir Cannon F<ills, Minnesota. 

Gollection.-E. O. Ulrich. 

Genus BUCANIA, HaJl. 

Bucania (part.), HALL, 18,1,7, Pal. New York, vol. i, p. :~2. WAAGEN, 1880, P<iL Indica, ser. 1:3, pt. 2, 
Pl'. 130-150. Km>:EN, 1889, N . .JahrbuC"h f. Minemlogie, etc., DeilageLand 
vi, p. 379. 

For generic cbaracters see page 850. 

As originally defined by Hall, this genus was to include bellerophontid shells 

bavlDg a large umbilicus. For many years the genus was regarded as of very 

doubtful value, paleontologists having learned that the relative size of the umbilicus 

was not of itself sufficient ground for a separate genus. Tbe fact tbat tbe original 

types of Bucania had revolving lines was not considered of consequence by Hall in 

1847, nor by any otber paleontologist who bad occasion to refer to the belleropbon
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the name Bucania to all bellerophontids possessing revolving strice, and he redefined 
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sulcatina, but in Salpingostoma and Tremanotus and in the new genera Cyrtolitin(l, 

Conradella and Tetranota. Then tbey occur in the very best development in a large 

group of species, ranging in time from the Trenton group to tbe close of the 

Paleozoic age, which we have decided to separate as a new genus under the name of 

Bucanopsis. 

Tbe trouble with Bucania has been tbat its real peculiarities have never been 

appreciated. Hall, as stated, regarded tbe large open umbilicus as distinctive for 

the genus. His description says also that the mouth is abruptly expanded, but in 

this doubtless he was influenced by his B. expansa, whicb now is not a Bucania but a 

Salpingostoma. The name of! the genus was most probably inspired by the same 

species, and if it bad been customary at tbat time to designate the type of a genus his 
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choice would, we believe, ha:e fallen upon the expansa,-and it would have made a 

good type of a good genus. But, since Roemer has described a genus that will 

inel ude the expansa, and both Waagen and Koken take B. sulcatina, the first species 

following Hall's description of the genus, as the type,-a course that is fully justi

fied,-it would not be good policy, and only add to confusion where there is 

too much already, if we were to revert to what evidently was Hall's original 

intention. N or can we blame either Roemer or Waagen for overlooking or ignoring 

his intention, since in the absence of a more complete knowledge of B. expansa than 

was furnished by Hall, they would not have been justified in departing from the 

rule which, when the type is not designated, gives that rank to the first species 

following the generic description. 

As we are all agreed to adopt B. s~tlcatina as the type and to restrict the genus 

to species having essentially the same characters as that species, the first thing to 

do is to determine exactly which are the essential peculiarities and which are 

not. This may not have been possible for either Waagen or Koken, and we are 

probably the first having sufficient material, both in the way of species and individ

uals, to do it in an approximately satisfactory manner. 

The amended description of Bucania given on page 850 rests on no less than 

twenty Lower Silurian species. These show that the umbilicus is nearly always 

large, certainly never small. The outer lip has a broad V-shaped sinus and a central 

slit, the slit-band is narrow and slightly elevated, fiat, or channel-like. The surface 

markings run in two directions, transversely and spirally, and both sets cross the 

volutions obliquely from the umbilicus to the slit-band, the degree of obliquity of 

the spiral lines depending upon the rate of increase in size of the volutions, being 

greatest in those in which the expansion is the most rapid. The transverse 

(growth) lines are oblique because they curve in directions parallel with the margin 

of the aperture. But the feature of the surface sculpture that deserves the most 

attention, and this applies to the Bucaniidce as a whole, is that the intersections of 

the two sets of lines are nearly always rectangular. 

According to the remaining characters, the species fall into two groups, the 

first or typical section, containing the type of the genus and seven other" species, 

being characterized by a thin shell, very broad umbilicus, slowly and gradually 

enlarging depressed volutions, relatively wide yet not expanded aperture, thin lips, 

and long slit. In the second or B. lindsleyi section the shell is thicker, the umbili

cus smaller, the volutions enlarge more rapidly and are higher, the inner lip is 

thicker and slightly reflected on each side, and the slit shorter. These differences 

will be better understood after a comparison of figures 1-12 with the remaining 
figures on plate LXVI. 
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Concerning the slit, perhaps not one specimen in a thousand of the B. sulcatina 

section preserves it entirely. As a rule the delicate apertural portion of the shell is 

broken away quite to the posterior end of the slit. In the other section a complete 

aperture is a much more frequent occurrence, both because the slit is shorter and 

the shell stronger. 

It will be noticed that the characters brought out in the foregoing paragraphs 

are different from those pertaining to much the greater part of the genus as defined 

by Waagen and Koken. 'rhey derived their ideas of the genus ehiefiy from Upper 

Silurian, Devonian and Carboniferous spirally ribbed species, which with few 

exceptions (none of them true Bucania) will fall into the genus that we propose to 

call Bucanopsis. It is to be noted; however, that Koken with his usual acumen 

draws attention (op. cit., p. 380) to differences in the aperture and surface sculpture 

between the "Sulcatina-typus)' and the Devonian and Carboniferous species. 

Unfortunately he did not, or for want of material could not, carry his comparisons 

to their logical conclusion. 

According to our opinion Bucania, as here restricted, is (1) strictly a Silurian 

genus and possibly not even represented in the Upper Silurian, (2) it is the stock 

from which Salpingostoma, and later Tremanotus, was derived, and (3) it is not 

genetically related to Bucanopsis. In support of the first statement we have the 

fact that while the twenty known Lower Silurian species fit closely together, not 

one of the succeeding forms could be included without materially altering the 

generic diagnosis. The truth of the second statement is but too apparent to those 

who are obliged to discriminate between imperfect specimens of associated species 

of Salpingostoma and Bucania. Casts of the former from which the abruptly 

expanded aperture has been broken away, and on which the dorsal fissure is not 

clearly represented, are most difficult, if indeed it is at all possible, to separate from 

casts of Bucania. The important agreement, however, lies in the surface sculpture 

which in all essential respects is the same in the two genera. But it is scarcely 

necessary to discuss the relation of Bucania to Salping.ostoma here since we shall do 

so quite fully some pages hence in our remarks on that genus. The third statement 

refers to Bucanopsis. This genus was evolved, we think, not from Bucania but from 

Bellerophon. No better description of the. genus could be given than that which says 

that it includes species agreeing in all respects with Bellel'ophon excepting that they 

have revolving strirn which, with the transverse lines, produce a cancellated sculpture. 

Without the revolving lines Bucanopsis would be nothing more or less than Bellerophon. 

Not so, however, with Bucania, since that genus would still be distinguishable. 

Again the spiral lines are not the same in Bucan'ia and Bucanopsis, being straight 

in the latter and not oblique nor wrinkled nor ever interrupted as in the former. 
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Among the species of the B. lindsleyi section it is common to find that the 

obliquely revolving lines are sharply interrupted by the regular development of 

lamellrn whose wavy anterior edges are decidedly elevated and parallel with the 

margin of the aperture, of which indeed they represent previous stages. 'fhe effect 

is considerably as in the otherwise widely different genera Conradella and Cyrtolitina. 

The surface sculpture of Tetranota also, though of a finer pattern, is essentially of 

the same type. 
Of the species originally referred to Bucania by Hall, * B. sulcatina and B. intexta 

are typical of the genus; B. punct~lrons Emmons sp., though provisionally retained 

in the genus, is a peculiar form having a reticulated surface sculpture very much like 

that of Cyrtolites ornatus; B. rotundata, if correctly described, belongs to Megalom

phalaj B. bidorsata is the type of our new genus Tetranota; and B. expansa belongs 

to Salpingostonul. 

BUCANIA HALLI, n. sp. 

PLATE LXVI, FIGS, 4-8. 

Shell 20 to 30 mm. in hight, consisting of about three and a half depressed 

volutions; volutions increasing in size gradually to the aperture, gently convex on the 

back, subangular at the sides, slightly concave in the middle third of the ventral part, 

acutely subelliptical in section, and about twice as wide as high; umbilicus large, 

deep, well defined, with flattened slopes, and equalling nearly two-thirds of the 

greatest diameter of the shelL Aperture transverse, the hight usually not exceed

iug half of the width, acutely subelliptical, angular and narrow at the lateral 

extremities, and slightly indented below by the preceding volution; outer lip very 

broadly sinuate, medium slit not fully seen, probably a half volution in length. Sur

face with subequal revolving wrinkled ribs, averaging about seven in 5 mm.; the total 

number increasing with age by bifurcation and interpolation; in the umbilicus, 

especially behind the anterior half of the last volution, the ribs are decidedly 

oblique, but on the back of the volutions they are nearly longitudinal; at intervals 

of 2 or 3 mm. they are interrupted by more or less distinct transverse lamellrn, 

running obliquely backward from the edge of the umbilicus to the slit-band which 

they join at an angle of about 65°. Slit-band narrow, in some specimens appearing 

as slightly elevated; in others the center is excavated. Casts of the interior are 

quite smooth. A small specimen is 20 mm. in hight; the aperture is 15.5 mm. wide 

and 7.5 mm. high; the greatest width of the inner volution (at edge of i~ner lip) 5.5 

mm. The surface markings are not perfectly retained by any of our specimens. 

* Pal. New York, vol. i, 1847. 
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One seems to show obscure traces of very fine spiral lines between the stronger 

ones, and it is possible that such lines will be found on the perfect shell. 

B. halli is closely related to B. sulcatina, but that species has wider volutions, 

and, although they do not enlarge any more rapidly, the proportional width of the 

aperture is greater, being quite equal to the hight of the shell, which is not the case 

in the present species. The whole form of that shell is also more globose. B. intexta 

is a smaller and narrower shell, and has more closely arranged revolving ribs and 
less depressed volutions. 

We have four fragmentary casts of the interior, collected in the Fusispira bed 

of Goodhue and Fillmore counties, that may belong to this species. 

Formation and Zocality.-Stones Ri ver group, Cannon Falls, Minnesota (six sped mens); Black River 
group, Mercer county, Kentucky (eight specimens). 

OolZections.-E. O. Ulrich; W. H. 8cofield. 

BUCANIA MINNESOTENSIS, n. Sp. 

PLATE LXVI, FIGS. 9 and 10. 

This is a~sociated with and probably closely related to B. halli. Still there 

should be no difficulty in distinguishing the two forms since this grows to much 

greater size and yet has the same number of volutions. The last whorl especially 

enlarges rapidly, though relatively more in hight than in width. The sutures are 

deeper and the slope of the umbilicus, taken as a whole, is not so flat. Still the 

flatness of the slope increases with growth until on the last third of the outer whorl 

it has become decidedly concave; causing the sutural portion to appear swollen. 

The surface markings seem to be about the same in the two species. 

F01'mation and locality.-Vanuxemia bed of the Stones River group, Goodhue county, Minnesota. 

ColZection.-E. O. Ulrich. 

BUCANIA EMMONSI, n. Sp. 

PLA TE LXVI. FIGS. 1-3. 

This species differs from B. hall-i, which it resembles closely, in being smaller 

and in having on the whole narrower yet more speading volutions. The volutions 

are more rounded in the umbilicus, causing the suture line to be deeper. The latter 

is peculiar in being deepened at regular intervals by the development of short, 

wave-like dents in the ventral side of the volutions. Similar dents are to be seen 

also on the sides of the volution in the Fountain specimens, but they ca.nnot be seen 

on the e~en better preserved Tennessee shell. These sutural indentations dis

tinguish the species not only from B. halli but from the even nearer B. intexta and 

all the other species now known of the genus. In a specimen 18 mm. high, the 
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width of the last volution increases from [j mm. to about 17.5 mm. The hight of the 

aperture is about 10 mm. 

Formation and locality.-" Central limestone" of the StonE's River group, near Murfreesboro, Ten
nessee. Vanuxernia bed, Cannon Falls, Minnesota. Black River group (,?Ctenodonta bed), near Fountain, 
Minnesota. 

Collection.-E. O. Ulrich. 

BUCANIA ELLIPTIC A, n. Sp. 

PLATE LX VI. FIGS. 11 and 12. 

Of this species we have only three casts of the interior, and all are more or less 

incomplete. The best is figured on plate LXVI. In this, as in the others, the' 

apertural portion is broken away quite to the posterior end of the slit. In the 

figured example the last volution appears as though it had been free and possibly 

expanded at the aperture, in which case we would have to call it a Salpingostoma. But 

the slight expansion shown by the specimen is most probably the result of crushing. 

The volutions, as far a sobserved, are elliptical in cross section and enlarge slowly, 

the last in width from 6 mm. to 14 mm. On the whole the cast of the interior 

resembles B. halli U. & S., B. emmonsi U. & S., and B. intexta Hall, the last in partic" 

ular, but a distinct species is indicated by the rounded instead of angular sides of 

the whorls. Detailed comparisons with the species named will bring out several 

other differences. 

In the Kentucky specimens the volutions are less convex in the back than the 

Minnesota type of the species, and it is possible that more perfect material will 

prove them to belong to a distinct species. 

FoTtnution etnel loeaZity.-Lower part of Fusispira bed, Trenton group, three miles south of Cannon 
!i"alls, Minnesota; base of Trenton or top of Black River group, Mereer county, Kentucky. 

Gollection.-E. O. Ulrich. 

BUCANIA SUBLATA, n. Sp. 

PLATE LXVI, FIGS. 16-19. 

This is a small subglobose shell, with wide volutions, broadly rounded on the 

back, flatly sloping in the umbilicus; and sharply angular on the sides. The umbil

icus is sharply defined and deep, but compara,tively small, its greatest diameter. 

equalling only about half of the hight of the shell. The volutions increase gradually 

in size to the aperture, are acutely subelliptical in section, about twice as wide as 

high, and two and a half or three in number; the width of the aperture equals the 

hight of the shell. The surface markings are preserved on only a very small part 

of the shell. As near as can be determined they appear to have been about as in B. 
halli. The slit-band lies between two thin elevated lines and is a trifle wider, and 
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back, flatly sloping in the umbilicus; and sharply angular on the sides. The umbil

icus is sharply defined and deep, but compara,tively small, its greatest diameter 

equalling only about half of the hight of the shell. The volutions increase gradually 

in size to the aperture, are acutely sub elliptical in section, about twice as wide as 

high, and two and a half or three in number; the width of the aperture equals the 

hight of the shell. The surface markings are preserved on only a very small part 

of the shell. As near as can be determined they appear to have been about as in B. 
halli. The slit-band lies between two thin elevated lines and is a trifle wider, and 
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GASTROPODA. 889 

the slit shorter, than usual. Hight of shell 12 mm.; width of aperture 12 mm.; hight 

ofsame about 6 mm.; width of umbilicus 6.5 mm.; width of inner end of last volution 
about 4.7 mm. 

The form is more globose and the umbilicus relatively smaller than in any of 

the preceding species of the genus. In both of these aspects it reminds one strongly 

of B. sulcatina, of which it is probably a dwarfed descendant. 

Formation and locality.-The types are from the upper part of the Trenton group, near Burgin, Ky. 
A cast of the interior, agreeing in every respect with the type, was founel in the Ctenoelonta heel of the 
Black River group, ne.ar Fountain, Minnesota; another (fig. 19) h; from the Stones River group, at Minne
apolis. A very small specimen, presumably of the same species, occurred in the Fnsispira beel at Wykoff. 

Collection.-E. O. Ulrich. 

BUCANIA LINDSLEYI Safford. 

PLATE LXVI, FIGS. 2~ and 25. 

Bellerophon lindsZeyi SAFFOIW, 1869, Geol. of Tenn., pI. G, figs. 3a, b, (I anel e. (3c doubtful.) Not 
described. 

Shell 30 mm. to 40 mm. in hight, the width of the aperture slightly less than 

the greatest hight of shell; volutions about three, embracing less than a fourth of 

the next within, rounded on the back, somewhat se~i-circular in cross-section, 

narrowly rounded beneath the middle line of the sides; umbilicus moderately steep, 

of large size considering the rapid expansion of the volutions, its greatest width 

. equalling about one-third of the hight of the shell; aperture somewhat expanded in 

the lower part, semi-elliptical in outline, the lateral angles narrowly rounded and 

scarcely reflected, the center of the lower outline very slightly indented by the 

preceding whorl; lower lip entire, thickened inwardly; upper or outer lip thin, 

the margin sweeping backward to form a broad shallow sinus, the center continuing 

backward as a narrow slit, the latter having a length of at least 10 mm. in a speci

men 38 mm. in hight. Surface coarsely lamellose, the lamellffi, which indicate the 

margin of the aperture at previous stages, occurring at intervals on the back of the 

last volution varying from less than 2 mm. to 4 mm. or more, the average being 

about 3 mm. Usually the lamellffi are crossed approximately at right angles by 

more or less unequal and irregular ribs, seven to ten in the space of 5 mm., and 

these again by fine lines of growth. Often the ribs are irregularly broken up and 

sometimes they combine to form an obscure network reminding one of the surface 

SCUlpture of B. punctifrons Emmons. (See pI. LXVII, fig. 44). Slit-band distinct, 

sUglltly concave, margined on each side by a sharply elevated, thin line; lunulffi 

somewhat unequal but always clearly defined, rather crowded. 

This fiue shell is readily distinguished from all of the preceding species of the 

genus by the rapid expansion of its whorls. 
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the slit shorter, than usual. Hight of shell 12 mm.; width of aperture 12 mm.; hight 

of same about 6 mm.; width of umbilicus 6.5 mm.; width of inner end of last volution 

about 4.7 mm. 

The form is more globose and the umbilicus relatively smaller than in any of 

the preceding species of the genus. In both of these aspects it reminds one strongly 

of B. sulcatina, of which it is probably a dwarfed descendant. 

Formation and locality.-The types arc from the upper part of the Trenton group, ncar Burgin, Ky. 
A cast of the interior, agreeing in every respect with the type, was founr1 in thc~ Ctenodonta hed of the 
Black River group, ne.ar Fountain, Minncsot,a: another (tlg. 1H) is from the Stones giver group, at Minne· 
apolis. A very small specimen, presumably of the same species, occ'urrc~cl in the Fl1sispira ])cr1 at Wykoff. 

Collection.-E. O. Ulrich. 

BUCANIA LINDSLEYI 80./j'o1'(1. 

PLATE LXVI, FIGS. 24 am1 25. 

Bellerophon lindsleyi SAFFOltD, 186~J, Geol. of Tenn., pl. G, figs. arl, b, (Z and c. (:3c doubtful.) Not 
described. 

Shell 30 mm. to 40 mm. in hight, the width of the aperture slightly less than 

the greatest hight of shell; volutions about three, embracing less than a fourth of 

the next within, rounded on the back, somewhat se~i-circular in cross-section, 

narrowly rounded beneath the middle line of the sides; umbilicus moderately steep, 

of large size considering the rapid expansion of the volutions, its greatest width 

equalling about one-third of the hight of the shell; aperture somewhat expanded in 

the lower part, semi-elliptical in outline, the lateral angles narrowly rounded and 

scarcely reflected, the center of the lower outline very slightly indented by the 

preceding whorl; lower lip entire, thickened inwardly; upper or outer lip thin, 

the margin sweeping backward to form a broad shallow sinus, the center continuing 

backward as a narrow slit, the latter having a length of at least 10 mm. in a speci

men 38 mm. in hight. Surface coarsely lamellose, the lamellffi, which indicate the 

margin of the aperture at previous stages, occurring at intervals on the back of the 

last volution varying from less than 2 mm. to 4 mm. or more, the average being 

about 3 mm. Usually the lamellffi are crossed approximately at right angles by 

more or less unequal and irregular ribs, seven to ten in the space of 5 mm., and 

these again by fine lines of growth. Often the ribs are irregularly broken up and 

sometimes they combine to form an obscure network reminding one of the surface 

SCUlpture of B. punctifrons Emmons. (See pI. LXVII, fig. 44). Slit-band distinct, 

slightly concave, margined on each side by a sharply elevated, thin line; lunulffi 

somewhat unequal but al ways clearly defined, rather crowded. 

This fine shell is readily distinguished from all of the preceding species of the 

genus by the ra,pid expansion of its whorls. 
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lBucania rugatina. 

F01'1nalion and localil!f.-Trentull group (Middle Nashville), DeKalb county. Tennessee. A small 
imperfect specimen, possibly of this or the next species, occurred in the Clitambonites bed near Cannon 
Falls, Minnesota. 

Colleciions.-Prof..T. JVI. Safford; E. O. Ulrich. 

BUCANIA RUGA TINA, n. sp. (Ulrich.) 

PLATE LXVI, FIGS. 1:3-15. 

Resembles B. lindsleyi closely, but is smaller, the hight of what appears to be a 

full-grown individual being a trifle less than 20 mm. Of other differences we may 

mention that the whorls are more tightly enrolled, causing the umbilicus to be 

appreciably smaller, the transverse marking8 are relatively stronger, more equidis

tant, closer, averaging 1 mm. apart and appear more like waves or wrinkles than 

overlapping plates. A slight, groove on each side of the slit-band occurs on the 

specimen illustrated. The other specimens are not in condition to permit us to 

decide whether these grooves are characteristic of the species or not. At any rate 

nothing of the kind has been observed on good specimens of B. lindsleyi. 

Formation amI loc:alily.-Upper p'1rt of Trenton group, near Burgin, Kentucky, 

Collectioil.-E. O. Ulrich. 

BUCANIA NASHVILLENSIS, n. sp. (Ulrich.) 

PLATE LXVI, FIGS. 36-40. 

This species is based on six specimens received from Prof. J. M. Safford and 

supposed by him to belong to his species lindsleyi. A careful comparison with the 

original type of that species, good figures of which are given on plate LXVI, proves 

that they represent a closely related yet distinct species. In the first place the 

volutions expand more rapidly, two and a half turns making as large a shell as 

three whorls in the lindsleyi. Next the umhilic'us is smaller and more abrupt, the 

sides of the volutions being more sharply rounded. Again the dorsum is more 

prominent along the central line, causing a more or less decided flattening of the 

dorso-lateral slopes. The slit-band also, instead of being sunken, is slightly raised. 

Finally, as regards the surface markings, the transverse lines are much less regular, 

and crowded rather than distant, while as a rule they would scarcely be described 

as lamellose. They are also much less distinct except near the aperture of large 

specimens where they are strengthened and emphasized, as usual with old shells, by 

irregular wrinkles. The oblique revolving lines also are little more than half as 

strong, while in the umbilical cavities, where these lines are usually very conspicu

ous in Safford's species, they are scarcely distinguishable. After adding to these 

differences that the shell of B. nashvillensis is thicker, we believe we have given 

ample reasons for the creation of a new species. 
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F01'111alioll (/lid locrdil!l.-Trentull group (Middle Nashville), DeKalb county. Tennessee. A small 
imperfect specimen, possibly of this or the next species, occurred in the Clitambonites bed near Cannon 
Falls, Minnesota. 

Colleelions.-ProL.J. lVI. SafIord; E. O. Ulrich. 

DUCANIA RUGATINA, n. sp. (Ulrich.) 

PLATE LXVI, FIGS. 1:3-15. 

Resembles B. lindsleyi closely, but is smaller, the hight of what appears to be a 

full-grown individual being a trifle less than 20 mm. Of other differences we may 

mention that the whorls are more tightly enrolled, causing the umbilicus to be 

appreciably smaller, the transverse marking8 are relatively stronger, more equidis

tant, closer, averaging 1 mm. apart and appear more like waves or wrinkles than 

overlapping plates. A slight, groove on each side of the slit-band occurs on the 

specimen illustrated. The other specimens are not in condition to permit us to 

decide whether these grooves are characteristic of the species or not. At any rate 

nothing of the kind has been observed on good specimens of B. lindsleyi. 

Formation and loc:alily.-Upper p'trt of Trenton group, near Burgin, Kentucky, 

Colledioil.-E. O. Ulrich. 

BUCANIA NASHVILLENSIS, n. sp. (Ulrich.) 

PLATE LXVI, FIGS. 36-40. 

This species is based on six specimens received from Prof. J. M. Safford and 

supposed by him to belong to his species lindsleyi. A careful comparison with the 

original type of that species, good figures of which are given on plate LXVI, proves 

that they represent a closely related yet distinct species. In the first place the 

volutions expand more rapidly, two and a half turns making as large a shell as 

three whorls in the lindsleyi. Next the umhilic'us is smaller and more abrupt, the 

sides of the volutions being more sharply rounded. Again the dorsum is more 

prominent along the central line, causing a more or less decided flattening of the 

dorso-lateral slopes. The slit-band also, instead of being sunken, is slightly raised. 

Finally, as regards the surface markings, the transverse lines are much less regular, 

and crowded rather than distant, while as a rule they would scarcely be described 

as lamellose. They are a1:,;o much less distinct except near the aperture of large 

specimens where they are strengthened and emphasized, as usual with old shells, by 

irregular wrinkles. The oblique revolving lines also are little more than half as 

strong, while in the umbilical cavities, where these line8 are usually very conspicu

ous in Satford's species, they are scarcely distinguishable. After adding to these 

differences that the shell of B. nashvillensis is thicker, we believe we have given 

ample reasons for the creation of a new species. 



GASTROPODA. 
Buoania tranktortensis·l 

Formation and locality.-Trenton group, De Kalb county, and Nashville, Tennessee. 

Oollections.-Prof. J. M. Safford; E. O. Ulrich. 

BUCANIA FRANKFORTENSI8, n. sp. (Ulrich.) 

PLATE LXVI. IrlGS. ;lO-;l:l. 
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This species is related to both n. lindsleyi and 13. nasltvillensis, but is distinguished 

from both by its subtriangular aperture, thicker inner lip and coarser surface 

sculpture. The volutions are also narrower and the hight of the shell, as compared 

to the width, relatively greater. While it is scarcely possible that anyone will 

confound it with the first named, such an occurence is not improbable with the 

second, 'since in both the dorsum is obtusely angular. Still, where good ventral 

views can be compared (see plate LXV I, figs. 32 and 37), showing their different 

mouths and the more rapid lateral expansion of the outer volution of B. naslwillensis, 

a glance should suffice to separate them. 

Formation (ind locality.-Near top of Trenton group, Frankfort, Kentucky. 

Oollection.-E. O. Ulrich. 

BU(1ANIA SUBANGULATA, n. sp. (Ult·ich.) 

PLA'I.'E LXVI. FIGS. 20-2:1. 

In this well marked species the dorsum is obtusely angular, the slope of the 

surface from the slit-band to the edge of the umbilicus somewhat flattened, and the 

sides sharply rounded or sub angular, these features imparting a widely triangular, 

perhaps it would be better to say rhomboidal, section to the volutions, which of 

itself is sufficient to distinguish the species from the associated B. rugatina. Con

tinuing our comparisons with that species, we find that the surface' markings, 

though similar in pattern and strength, are not so regular, and the umbilicus is a little 

larger and better defined, while the slit-band forms the flat summit of a low keel 

instead of a smooth groove. Both B. frankfortensis and B. nashvillensis are probably 

closely related, though readily distinguished by their grea,ter size, relatively smaller 

umbilicus, and more rapidly enlarging volutions. At maturity, however, the 

ventro-Iateral angles are more abruptly expanded in B. subangnlata, giving the 

aperture a more broadly triangular form than is the case in either of the larger 

species. It is to be borne in mind, further, that these large shells require no more 

turns to attain their full growth than do specimens of the present species less than 

half their size. 

In the largest of eight specimens the hight is about 23 mm., the width of the 

aperture about 25 mm., the hight of same (in a side view) 17 mm. In a small 

specimen the same measurements resulted respectively in 9 mm., 9 mm., and 5 mm., 
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Formation and locality.-Trenton group, De Kal1) county, and Nashville, rl'ennessee. 

Collections.-Prof. J. M. Safford; E. O. Ulrich. 

BUCANIA FRANKFORTENSIB, n. sp. (Ulrich.) 
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This species is related to both 11. lindsleyi and B. nas/willensis, but is distinguished 

from both by its subtriangular aperture, thicker inner lip and coarser surface 

sculpture. The volutions are also narrower and the hight of the shell, as compared 

to the width, relatively greater. While it is scarcely possible that anyone will 

confound it with the first named, such an occurence is not improbable with the 

second, . since in both the dorsum is obtusely angular. Still, where good ventral 

views can be compared (see plate LXV I, figs. 32 and 37), showing their different 

mouths and the more rapid lateral expansion of the outer volution of B. naslwillensis, 

a glance should suffice to separate them. 

Formation and loCCtlity.-Near top of Trenton group, Frankfort, Kentucky. 

Collection.-E. O. Ulrich. 

BUCANIA SUBANGULATA, n. sp. (Ulrich.) 

PLA'l'E LXVI. FIGS. 20-2:1. 

In this well marked species the dorsum is obtusely angular, the slope of the 

surface from the slit-band to the edge of the umbilicus somewhat flattened, and the 

sides sharply rounded or subangular, these features imparting a widely triangular, 

perhaps it would be better to say rhomboidal, section to the volutions, which of 

itself is sufficient to distinguish the species from the associated B. rugatina. Con

tinuing our comparisons with that species, we find that the surface markings, 

though similar in pattern and strength, are not so reguli:Lr, and the umbilicus is a little 

larger and better defined, while the slit-band forms the flat summit of a low keel 

instead of a smooth groove. Both B. fran1ijortensis and B. nashvillensis are probably 

closely related, though readily distinguished by their grea,ter size, relatively smaller 

umbilicus, and more rapidly enlarging volutions. At maturity, however, the 

ventro-Iateral angles are more abruptly expanded in B. subang1llata, giving the 

aperture a more broadly triangular form than is the case in either of the larger 

species. It i::l to be borne in mind, further, that these large shells require no more 

turns to attain their full growth than do specimens of the present species les:,; than 

half their size. 

In the largest of eight specimens the hight is about 23 mm., the width of the 

aperture about 25 mm., the hight of same (in a side view) 17 mm. In a small 

specimen the same measurements resulted respectively in 9 mm., 9 mm., and 5 mm., 
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showing that the aperture is relatively larger in adult examples. The small 

specimen, which is one of several, was at first believed to be distinct, but a careful 

comparison of the whole series resulted in the conviction that the small examples 

were merely immature. 

Formation and locality.-Upper part of Trenton group, Mercer and Boyle counties, Kentucky. 

Oollection.-E. O. Ulrich. 

BUCANIA MICRONEMA, n. sp. (Ulr£ch.) 

PLATE LXVI, FIGS. 26-29. 

Of this form we have but a single example. Although closely resembling B. 

sublata, B. lindsleyi and B. rugatina, in one or another feature, we are fully persuaded 

of its specific distinctness. The specimen, which has the appearance of being 

mature, is so much smaller than the second of the species mentioned that further 

comparisons with it are probably unnecessary. As to B. sublata, the present shell 

has it volutions narrowly rounded on the sides instead of sharply angular, its aper

ture is relatively larger, and its surface markings, which are not viflible to the 

unassisted eye, are much finer. Compared with B. rugatina, with which it was 

found, its volutions expand more rapidly, giving a wider aperture, and its surface 

markings are much finer. Besides the transverse lines are much less distinct and 

not wave-like, while the lines running in the opposite direction, of which there are 

about five instead of two in 1 mm., are not only finer but more continuous, appearing 

like irregular wavy, knotted lines, running obliquely forward from the umbilic~s to 
the slit-band. 

Formation and locality.-Near top of Trenton group, Danville, Kentucky. 

Oollection.-E. O. Ulrich. 

BUCANIA SIMULATRIX, n. sp. (Ub·ich.) 

PLATE LXIII, FIGS. 48 and 49; PLATE LXVII, FIG. 45. 

Shell large, known from casts of the interior only. These consist of three or 

four comparatively slender and loosely coiled volutions, leaving a large umbilicus 

in which all the inner whorls are clearly exposed. Volutions somewhat reniform 

in section, narrowly rounded in the ventral third of the sides, the ventral surface 

gently concave, the dorsal part of the section nearly semi-circular. Last volution 

obtusely carinated, with the dorso-ventral diameter increasing toward the aperture 

more rapidly than is the case with the inner volutions, the hight and width of the 

whorl just behind the aperture being about equal, while at the smaller end the two 

dimensions are respectively about as three is to five. Aperture somewhat triangu

lar-ovate, wide below, the expansion taking place chiefly at the lower part of the 
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showing that the aperture is relatively larger in adult examples. The small 

specimen, which is one of several, was at first believed to be distinct, but a careful 

comparison of the whole series resulted in the conviction that the small examples 

were merely immature. 

Formation and locality.-Upper part of Trenton group, Mercer and Boyle counties, Kentucky. 

Collection.-E. O. Ulrich. 

BUCANIA MICRONEMA, n. sp. (Ulrich.) 

PLATE LXVI, FIGS. 26-20. 

Of this form we have but a single example. Although closely resembling B. 

sublata, B. lindsleyi and B. rugatina, in one or another feature, we are fully persuaded 

of its specific distinctness. The specimen, which has the appearance of being 

mature, is so much smaller than the second of the species mentioned that further 

comparisons with it are probably unnecessary. As to B. sublata, the present shell 

has it volutions narrowly rounded on the sides instead of sharply angular, its aper

ture is relatively larger, and its surface markings, which are not visible to the 

unassisted eye, are much finer. Compared with B. rugatina, with which it was 

found, its volutions expand more rapidly, giving a wider aperture, and its surface 

markings are much finer. Besides the transverse lines are much less distinct and 

not wave-like, while the lines running in the opposite direction, of which there are 

about five instead of two in 1 mm., are not only finer but more continuous, appearing 

like irregular wavy, knotted lines, running obliquely forward from the umbilic~s to 

the slit-band. 

Formation ana 1(lwlity.-Near top of Trenton group, Danville, Kentucky. 

Oolleetion.-E. O. Ulrich. 

BUCANIA SIMULATRIX, n. sp. (Ulrich.) 

PLATE LXIII. FIGS. 48 <1nd 49: PLATE LXVII, FIG. 45. 

Shell large, known from casts of the interior only. These consist of three or 

four comparatively slender and loosely coiled volutions, leaving a large umbilicus 

in which all the inner whorls are clearly exposed. Volutions somewhat reniform 

in section, narrowly rounded in the ventral third of the sides the ventral surface , 
gently concave, the dorsal part of the section nearly semi-circular. Last volution 

obtusely carinated, with the dorso-ventral diameter increasing toward the aperture 

more rapidly than is the case with the inner volutions, the hight and width of the 

whorl just behind the aperture being about equal, while at the smaller end the two 

dimensions are respectively about as three is to five. Aperture somewhat triangu

lar-ovate, wide below, the expansion taking place chiefly at the lower part of the 
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. sides. In the cast the expansion appears very abrupt, but doubtless it is much less 

so in the shell itself. Inner lip slightly reflexed at the sides, thick centrally; outer 

lip broadly and deeply sinuate. Surface markings unknown; slit long. The best 

specimen seen has the following dimensions: entire hight 46 mm.; hight of aperture 

29 mm.; greatest width of same 33 mm.; width and hight of last volution just 

behind the aperture about 2:3 mm.; hight and width of inner end of same 5 and 8.5 

mm. respectively; greatest diameter of umbilicus about 23 mm.; length of slit 

about 31 mm. 
The hight in this species is relatively greater than in B. franl~fortensis, which 

we consider as more closely related than any of the other species. The aperture 

also is less nearly triangular, the apertural margin, as seen in a side view, less 

uniformly curved, the umbilicus larger, and the volutions more evenly rounded on 

the back. The next species, B. crassa, is a more closely coiled and heavier shell, 

having; therefore, also a smaller umbilicus. The form of the mouth and sinus is 

also different. Casts of B. simulatrix resemble those of the associated Salpingostoma 

richmondensis in a remarkable degree. For comparisons see description of that species. 

Formation ancl locality.-Richmond group of the Cincinnati period, Richmond, Indiana. 

Gollection.-E. O. Ulrich. 

BUCANIA CRASSA, n. sp. (Ulr£ch.) 

PLATE LXVII, FIGS. 46-48. 

This species, though closely resembling B. franlqfol·tensis and B. nashvillensis in 

many respects, will be distinguished almost at a glance by its uniformly convex 

instead of sub angular dorsum. This difference, in conjunction with a greater 

relative width of the whorls, causes the aperture to be proportionally wider. The 

lower lip also, though strong, has a longer slope and its surface is less convex. 

The umbilicus is somewhat smaller and more abrupt than in B. frankfortensis, and 

the shell more globose. 
The specimen figured has suffered considerably from maceration, the slit-band 

and all, excepting the strongest of the surface markings, being quite obliterated. 

On two other specimens, neither as complete as the one illustrated, there is a 

low, yet well defined, rounded dorsal ridge, and in one this is accompanied on each 

side by a faint furrow, while anteriorly it terminates in an open slit about 17 mm. 

long. Whether this dorsal ridge was originally flat or concave on the summit, and 

bore lunulm, we are unable to say. Still, it is to be expected that such a condition 

obtained on the perfect shell. As to the surface markings, what remains of them 

indicates a sculpture similar to that shown in our figures of B. lindsleyi and B. 

nashvillensis. (See plate LXVI.) 
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. sides. In the cast the expansion appears very abrupt, but doubtless it is much less 

so in the shell itself. Inner lip slightly reflexed at the sides, thick centrally; outer 

lip broadly and deeply sinuate. Surface markings unknown; slit long. The best 

specimen seen has the following dimensions: entire hight 46 mm.; hight of aperture 

29 mm.; greatest width of same 33 mm.; width and hight of last volution just 

behind the aperture about 2:3 mm.; hight and width of inner end of same 5 and 8.5 

mm. respectively; greatest diameter of umbilicus about 23 mm.; length of slit 

about 31 mm. 

The hight in this species is relatively greater than in B. franl~fortensis, which 

we consider as more closely related than any of the other species. The aperture 

also is less nearly triangular, the apertural margin, as seen in a side view, less 

uniformly curved, the umbilicus larger, and the volutions more evenly rounded on 

the back. The next species, B. crassa, is a more closely coiled and heavier shell, 

having, therefore, also a smaller umbilicus. The form of the mouth and sinus is 

also different. Casts of B. simulatrix resemble those of the associated Salpingostoma 

richmondensis in a remarkable degree. For comparisons see description of that species. 

Formation amI locality.-Richmond group of the Cincinnati period, Richmond, Indiana. 

Oollection.-E. O. Ulrich. 

BUCANIA CRASSA, n. sp. (Ulrich.) 

PLATE LX VII, FIGS. 4G-48. 

This species, though closely resembling B. franl~fm·tensis and B. nashvillensis in 

many respects, will be distinguished almost at a glance by its uniformly convex 

instead of subangular dorsum. This difference, in conjunction with a greater 

relative width of the whorls, causes the aperture to be proportionally wider. The 

lower lip also, though strong, has a longer slope and its surface is less convex. 

The umbilicus is somewhat smaller and more abrupt than in B. frankfortensis, and 

the shell more globose. 
The specimen figured has suffered considerably from maceration, the slit-band 

and all, excepting the strongest of the surface markings, being quite obliterated. 

On two other specimens, neither as complete as the one illustrated, there is a 

low, yet well defined, rounded dorsal ridge, and in one this is accompanied on each 

side by a faint furrow, while anteriorly it terminates in an open slit about 17 mm. 

long. Whether this dorsal ridge was originally flat or concave on the summit, and 

bore lunuhe, we are unable to say. Still, it is to be expected that such a condition 

obtained on the perfect shell. As to the surface markings, what remains of them 

indicates a sculpture similar to that shown in our figures of B. lindsleyi and B. 

nashvillensis. (See plate LXVI.) 
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lBucania singularis. 

The shell in this and the species with which we have compared it is unusually 

thick for the genus, especially on the ventral side of the volutions, and castE? of the 

interior must look very different from the shells themselves. We have not, how

ever, seen any casts which seemed at all likely to belong to either. 

Form((tion and locality.-From the uppermost berls of the Richmond group, near Richmond, 
Indiana. 

OoliectioH.-E. O. Ulrich. 

BUCANIA SINGULARIS, n. sp. (Ulrich.) 

PLATE LXVI. FIG. 47. 

This species is remarkable for the prominence of the transverse lamellm and 

for the unusual length of the intervals between them. They appear to be especially 

thick and prominent on the lateral portions of the back. The slit-band is elevated 

and, like the lamellm, shows rather distinctly on the cast of the interior. Aside 

from the lamellffi the whorls are rather broadly rounded on the back, and narrowly 

rounded on the sides, leaving an umbilicus, the greatest width of which equals about 

one-third of the entire hight of the shell. The mouth is transvertle and somewhat 

elliptical in outline, the inner lip thick, cut out in the middle and with a compara

tively narrow prominence immediately above the excision, the outer lip with a very 

wide angular NinuN and a narrow open slit at least 15 mm.long in a specimen 30 mm. in 

hight. The surface markings are obscured by a delicate bryozoan which we failed to 

remove satisfactorily. As near as we can make them out they appear to consist of (1) 

lines of growth, and (2) of elevated points arranged in decussating series or of lines 

running rectangularly across the spaces between the elevated edges of the lamellm. 

Similar variations of sculpture have been observed in B. lindsleyi. 

Though clearly a Bucania, we are in doubt about the specific alliances of this 

shell. Selecting from the species described in this work, B. crassa and B. lindsleyi 

(Safford) appear to be the nearest. Still, the differences are so manifest that com

parisons are deemed quite unnecessary. 

Formation ami loculity.-Upper beels of Trenton group, Nashville, Tenn. 

Oollection.-E. O. Ulrich. 

BUCANIA PUNCTIFRONS Emmons. 

PLATE LXVIl, FiGS. 4[-41. 

BdlCl'op/uJlI l)l(lIcfijJ'{J);s EJlDIONS, 1842, Geol. Rept. 2nd Dist. New York, p. 092. 
iJuCUIIII( ]JI(HCllfl'on~ HALL, 1847, Pal. New York, vol. i, p. 187. 

Shell rather small, probably not exceeding 20 mm. in hight. Volutions three 

or three and a half, rounded on the back, subangular on the sides; umbilicus large, 
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The shell in this and the species with which we have compared it is unusually 

thick for the genU:3, especially on the ventral side of the volutions, and cast::; of the 

interior must look very different from the shells themselves. We have not, how

ever, seen any casts which seemed at all likely to belong to either. 

Formulion and locaZity.-From the uppermost bells of the Richmond group, near Richmond, 
Indiana. 

Oollection.-E. O. Ulrich. 

BUOANIA SINGULARIS, n. sp. (Ulrich.) 

PLATE LXVI, FIG. 47. 

This species is remarkable for the prominence of the transverse lamellm and 

for the unusual length of the intervals between them. They appear to be especially 

thick and prominent on the lateral portions of the back. The slit-band is elevated 

and, like the lamellCB, shows rather distinctly on the cast of the interior. Aside 

from the lamellCB the whorls are rather broadly rounded on the back, and narrowly 

rounded on the sides, leaving an umbilicus, the greatest width of which equals about 

one-third of the entire hight of the shell. The mouth is transverBe and somewhat 

elliptical in outline, the inner lip thick, cut out in the middle and with a compara

tively narrow prominence immediately above the excision, the outer lip with a very 

wide angular sinus and a narrow open slit at least 15 mm.long in a specimen 30 mm. in 

hight. The surface markings are obscured by a delicate bryozoan which we failed to 

remove satisfactorily. As near as we can make them out they appear to consist of (1) 

lines of growth, and (2) of elevated points arranged in decussating series or of lines 

running rectangularly across the spaces between the elevated edges of the lamellCB. 

Similar variations of sculpture have been observed in E, lin ds ley i. 

Though clearly a Bucania, we are in doubt abont the specific alliances of this 

shell. Selecting from the species described in this work, E. crassa and B. lindsleyi 

(Safford) appear to be the nearest. Still, the differences are so manifest that com

parisons are deemed quite unnecessary. 

Formation ((ncZ lowlity.-Upper beds of Trenton group, NashVille, Tenn. 

Oollection.-E. O. Ulrich. 

BUCANIA PUNCTIFRONS Emmons. 

PLATE Lxvn, FIGS. 41-44. 

Bdlel'fJp)wl/ pUlldijnJIIs E:lLlIONS, lS-l2, Geol. Rept. 2nd Dist. New York, p. 392. 
iJucllllin pnllclljrons HALL, 18-l7, Pal. New York, vol. i, p. 187. 

Shell rather small, probably not exceeding 20 mm. in hight. Volutions three 

or three and a half, ronnded on the back, subangular on the sides; umbilicus large, 
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its width somewhat greater than half the hight of shell; aperture slightly wider 

than high, subpentagonal. In a transverse section the volutions are semicircular in 

the dorsal half, with the umbilical slopes almost straight and the ventral siele 

broadly indented by the preceding whorl. The width of the last volution expands 

from 6 mm. to 12 rum. in a specimen 18 mm. high. In the same specimen the slit 

has a length of 16.5 mm., and a width of about 0.7 mm. The slit-band is concave, 

bordered on each side by a delicate line, and crossed by numerous fine lunulm. On 

each side of the slit and band the whole exposed surface is covered by a strong and 

very sharply defined network, the deep meshes of which are so arranged that they 

form rows running in two directions, one almost directly across the volutions, the 

other obliquely forward and outward from the band. Finally, in certain lights, a 

third arrangement of the meshes will be observed, namely, in series passing 

obliquely forward from the sides to the slit-band. The last direction is approxi

mately at right angles to certain more or less distinct lines or varices of growth 

which interrupt the regularity of the network on old examples. (See figs. 43 

and 44). 

Excepting the surface markings, B. punct~lrons agrees very well with the typical 

section of the genus. Even the retiform character of the sculpture is not entirely 

foreign to Bucania, since a kind of reticulation is frequently observed in the B. 

lindsleyi section that would not require a very great modification to produce the 

ornamental sculpture of the species under consideration. Still, we have no suspicion 

that B. punctYrons is closely related to any of ~he B. lindsleyi section. For the 

present we consider it as a species standing entirely alone. 

Formation (tncl locality.-Trenton group, at several localities in New York and Canada. The speci
mens upon which the above description is based were found in the lower part of the group ("Orthis bed") 
near Nashville, Tennessee. by ProL Jas. M. Safford. 

BUCANIA NANA, n. sp. (ULrich.) 

PLATE LXVI, FIGS. 41-4-1. 

Shell small, 10 mm. or less in hight, volutions two and a half or three, each 

embracing more than half of the preceding turn, expanding gradually and with 

moderate rapidity quite to the aperture, reniform in cross-section, broadly rounded 

on the dorsum and rather narrowly where the surface descends into the umbilicus; 

the latter is small, equalling only about one-fourth of the greatest diameter of the 

shell; aperture rounded when perfect, usually appearing more or less reniform, scarcely 

expanded, its width equalling about four-fifths of the hight of the shell; lips thin, 

the outer one with a central slit probably less than 2 mm. in length, the sinus also 

being unusually shallow, the inner lip prolonged slightly on each side and forming 

GASTROPODA. 
Bucanla nana.l 

8\)5 

its width somewhat greater than half the hight of shell; aperture slightly wider 

than high, subpentagonal. In a transverse section the volutions are semicircular in 

the dorsal half, with the umbilical slopes almost straight and the ventral siele 

broadly indented by the preceding whorl. The width of the last volution expands 

from 6 mm. to 12 mm. in a specimen 18 mm. high. In the same specimen the slit 

has a length of 16.5 mm., and a width of about 0.7 mm. The slit-hand is concave, 

bordered on each side by a delicate line, and crossed by numerous fine lunulm. On 

each side of the slit and band the whole exposed surface is covered by a strong and 

very sharply defined network, the deep meshes of which are so arranged that they 

form rows running in two directions, one almost directly across the volutions, the 

other obliquely forward and outward from the band. Finally, in certain lights, a 

third arrangement of the meshes will be observed, namely, in series passing 

obliquely forward from the sides to the slit-band. The last direction is approxi

mately at right angles to certain more or less distinct lines or varices of growth 

which interrupt the regularity of the network on old examples. (See figs. 43 

and 44). 

Excepting the surface markings, B. punct~lrons agrees very well with the typical 

section of the genus. Even the retiform character of the sculpture is not entirely 

foreign to Bucania, since a kind of reticulation is frequently observed in the B. 

lindsleyi section that would not require a very great modification to produce the 

ornamental sculpture of the species under consideration. Still, we have no suspicion 

that B. punctYrons is closely related to any of ~he B. linrlsleyi section. For the 

present we consider it as a species standing entirely alone. 

Formation und loculity.-Trenton group, at several localities in New York anll Canada. The speci
mens upon whicl1 the al10ve description is based were found in the lower part of the group ("Urthh bed") 
near NashVille, Tenne8see, by Prof. Jas. M. Safford. 

DUCANIA NANA, n. :-:p. (Ulrich.) 

PLATE LXVI, FIGS. 41-4,1. 

Shell small, 10 mm. or less in hight, volutions two amI a half or three, each 

embracing more than half of the preceding turn, expanding gradually and with 

moderate rapidity quite to the aperture, reniform in cross-section, broadly rounded 

on the dorsum and rather narrowly where the surface descends into the umbilicus; 

the latter is small, equalling only about one-fourth of the greatest diameter of the 

shell; aperture rounded when perfect, usually appearing more or less reniform, scarcely 

expanded, its width equalling about four-fifths of the hight of the shell; lips thin, 

the outer one with a central slit probably less than 2 mm. in length, the sinus also 

being unusually shallow, the inner lip prolonged slightly on each side and forming 
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a very thin callosity over the back of the preceding whorl. Surface sculpture 

consisting of sharp, regular, rather closely arranged and but very little curved strire 

of growth, and exceedingly fine, obliquely revolving lines, the latter obscure on even 

the best specimens. Slit-band raised, distinct, narrow, concave, bordered on each 

side by a sharply elevated thin line; lunulce not very distinct. Out of eleven speci

mens the largest is about 10 mm. high, the smallest about 5 mm. In an average 

shell the hight is 7.0 mm.; the diameter at right angles to the hight 5.2 mm.; the 

width of the aperture 5.5 mm.; its hight about 5.0 mm.; greatest width of umbilicus 

about 2.0 mm. 

Variety SOBPATULA, n. var. (Ulrich.) 

PLATE LXVI. FIGS. 45 and 46. 

Under this subordinate name we propose to classify provisionally three speci

mens found in association with B. nana, but differing in several respects from the 

typical form of the species. Thus, the aperture is wider, its width fully equalling 

the greatest diameter of the shell. Then the umbilicus is narrower, being almost 

closed. On one of the specimens the surface is in good condition, but we failed to 

notice any evidence of the delicate revolving lines occurring on no better preserved 

examples of B. nana. If it could be shown that these lines are always absent, then 

we would favor a removal of the supposed variety to the genus Bellerophon, in which 

case the varietal name should be promoted to the specified rank. We may ad.d that 

we have before us three casts of the interior from the lowest beds at Cincinnati, 

Ohio, that look very much as if they might belong to this variety. 

Weare not satisfied that either the variety or the species is a true Bucania. 

The umbilicus is too small and the sculpture not what it should be. The markings 

of B. nana are considerably like those found on Tetranota bidorsata, but the nana 

is most certainly not a Tetranota. We suspect that the species and variety are close 

relatives of two Clinton group shells described by Foerste as Bellerophon or Bucania 

exigua and fiscello-striata. In the surface markings, the last reminds one also of 

Bucania punctifrons. All five of these forms require further study before their 
positions can be established. 

Formation and locaZity.-Upper part of Trenton group, Mercer county, and Oovington, Kentucky. 

Cullectiu1l.-E. O. Ulrich. 

BUCANIA PERACUTA, n. sp. (Ulrich.) 

PLATE LXYI, FIGS. 34 and 35. 

Of this remarkable shell we have seen only a single i~perfect specimen which 

was collected by Prof. J. M. Safford and kindly sent to one of the authors for 

896 THE PALEONTOLOGY OF MINNESOTA. 
[Bllcania peracuta. 

a very thin callosity over the back of the preceding whorl. Surface sculpture 

consisting of sharp, regular, rather closely arranged and but very little curved strioo 

of growth, and exceedingly fine, obliquely revolving lines, the latter obscure on even 

the best specimens. Slit-band raised, distinct, narrow, concave, bordered on each 

side by a sharply elevated thin line; lunulce not very distinct. Out of eleven speci

mens the largest is about 10 mm. high, the smallest about 5 mm. In an average 

shell the hight is 7.0 mm.; the diameter at right angles to the hight 5.2 mm.; the 

width of the aperture 5.5 mm.; its hight about 5.0 mm.; greatest width of umbilicus 

about 2.0 mm. 

Variety SUBPATULA, n. var. (Ulrich.) 

PLATE LXVI. FIGS. 45 and 46. 

Under this subordinate name we propose to classify provisionally three speci

mens found in association with B. nana, but differing in several respects from the 

typical form of the species. Thus, the aperture is wider, its width fully equalling 

the greatest diameter of the shell. Then the umbilicus is narrower, being almost 

closed. On one of the specimens the surface is in good condition, but we failed to 

notice any evidence of the delicate revolving lines occurring on no better preserved 

examples of B. nana. If it could be shown that these lines are always absent, then 

we would favor a removal of the supposed variety to the genus Bellerophon, in which 

case the varietal name should be promoted to the specified rank. We may add that 

we have before us three casts of the interior from the lowest beds at Cincinnati, 

Ohio, that look very much as if they might belong to this variety. 

Weare not satisfied that either the variety or the species is a true Bucania. 

The umbilicus is too small and the sculpture not what it should be. The markings 

of B. nana are considerably like those found on Tetranota bidorsata, but the nana 

is most certainly not a Tetranota. "Ve suspect that the species and variety are close 

relatives of two Clinton group shells described by Foerste as Bellerophon or Bucania 

exigua and fiscello-striata. In the surface markings, the last reminds one also of 

Bucania punctifrons. All five of these forms require further study before their 

positions can be established. 

Formation and locality.-Upper part of 'l'renton group, Mercer county, and Oovington, Kentucky. 

Collection.-E. O. Ulrich. 

DUCANIA PERACUTA, n. sp. (Ulrich.) 

PLATE LXVI, FIGS. 34 and 35. 

Of this remarkable shell we have seen only a single i~perfect specimen which 

was collected by Prof. J. M. Safiord and kindly sent to one of the autbors for 
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description. When entire it 'must have looked like a gigantic Cy,'tolites, and we 

were at first inclined to place it in that genus. Closer investigation, however, 

showed that the surface markings were in reality different and the shell too thick 

for a Cyrtolites, while in both respects it proved to correspond with some of the 

Bucania lindsleyi group of species. The curving transverse folds of the flattened 

dorsal slopes are represented in other species of Bucania by the salient edges of the 

imbricating lamelhe, while the fine obliquely revolving lines in the depressed 

interspaces are commonly present in the genus. The volutions expand very rapidly, 

and in this particular, as well as in the dorsal angulations, the species corresponds 

perhaps best with B. nashvillensis, figured on the same plate. A view of the aperture 

of the specimen therefore agrees rather closely, in its lower part, with figure 37 of 

the plate. But the umbilicus is larger and much more sharply defined than in that 

species, the sides of the volutions being compressed into knotted keels. These 

lateral keels are nearly central on the inner whorls in a side view, but as growth 

proceeded its position became more ventral, the umbilical slope becoming at the 

same time more abrupt. For the same reason the transverse section of the whorls 

changes from rhomboidal to triangular. Only a small portion of the slit-band 

remains. This is slightly elevated and flat. Seven or eight of the revolving lines, 

which as usual are irregularly wrinkled, occur in 4 mm. 

Formation and locality.-Upper part of the Trenton group, DeKalb county, Tennessee. 

Genus SALPINGOSTOMA, F. Roemer. 

Salpingostoma, F. ROEThlER, 1876, Lethooa Geognostica. 
Bucania (part.), HALL, 1847, Pal. New York, vol. i. 
Be1l6rophon (part.), ElCHW ALD. 
Bucania (?11remanotus), WHITFIELD, ]882, Geol. of Wis., vol. iv, p. 224. 

This genus will include a number of species that most American paleontologists 

have considered as typical of the genns Bucania. However, in discussing the latter 

genus (see page 883) we have given our reasons for restricting its use to species con

forming strictly with the type B. sulcatina, and for placing those of the type of Han's 

B. expansa in Salpingostoma. It is therefore unnecessary to again take up this part 

of the subject. 
Salpingostoma, as understood by us, will include shells whose inner volutions 

correspond in nearly every respect with the whole shell of the most typical species 

of Bucania, and it is only in fully grown entire examples that the peculiarities of the 

genus are apparent. These consist in the abrupt development of a thick and greatly 

expanded aperture and in the anterior closing of the long dorsal apertural slit. A 

dorsal slit, equivalent to that of Salpingostoma, was present in the middle of the 
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description. When entire it' must have looked like a gigantic Cyrtolites, and we 

were at first inclined to place it in that genus. Closer investigation, however, 

showed that the surface markings were in reality different and the shell too thick 

for a Cyrtolites, while in both respects it proved to correspond with some of the 

Bucania lindsleyi group of species. The curving transverse folds of the flattened 

dorsal slopes are represented in other species of Bucania by the salient edges of the 

imbricating lamelhe, while the fine obliquely revolving lines in the depressed 

interspaces are commonly present in the genus. The volutions expand very rapidly, 

and in this particular, as well as in the dorsal angulations, the species corresponds 

perhaps best with B. nashvillensis, figured on the same plate. A view of the aperture 

of the specimen therefore agrees rather closely, in its lower part, with figure 37 of 

the plate. But the umbilicus is larger and much more sharply defined than in that 

species, the sides of the volutions being compressed into knotted keels. These 

lateral keels are nearly central on the inner whorls in a side view, but as growth 

proceeded its position became more ventral, the umbilical slope becoming at the 

same time more abrupt. For the same reason the transverse section of the whorls 

changes from rhomboidal to triangular. Only a small portion of the slit-band 

remains. This is slightly elevated and flat. Seven or eight of the revolving lines, 

which as usual are irregularly wrinkled, occur in 4 mm. 

Formation and locality.-Upper part of the Trenton group, DeKalb county, Tennessee. 

Genus SALPINGOSTOMA, F. Roemer. 

Salpingostorna, F. ROEMER, 1876, Lethrea Geognostica. 
Bucania (part.), HALL, 1847, Pal. New York, vol. i. 
Be1l61"ophon (part.), ElCHWALD. 
Bucania (?llremanotus), WHITFIELD, 1882, Geol. of WiS., vol. iv, p. 22-i. 

This genus will include a number of species that most American paleontologists 

have considered as typical of the genus Bucania. However, in discussing the latter 

genus (see page 883) we have given our reasons for restricting its use to species con

forming strictly with the type B. sulcatina, and for placing those of the type of Hall's 

B. expansa in Salpingostorna. It is therefore unnecessary to again take up this part 

of the subject. 
Salpingostorna, as understood by us, will include shells whose inner volutions 

correspond in nearly every respect with the whole shell of the most typical species 

of Bucania, and it is only in fully grown entire examples that the peculiarities of the 

genus are apparent. These consist in the abrupt development of a thick and greatly 

expanded aperture and in the anterior closing of the long dorsal apertural slit. A 

dorsal slit, equivalent to that of Salpingostorna, was present in the middle of the 
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apertural sinus in all Bellerophontacea having a slit-band. In some it was very long 

(Bucania and Conradella), but in the majority it was comparatively short; and in all 

cases it is the feature that gave rise to the slit-band, the posterior end of the slit 

having been pushed forward in proportion with the growth of the shell. 

In only two genera of the suborder, however, Salpingostoma and Tremanotus, 

was the ['lit closed in front. In both of these genera the aperture is enormously 

expanded, not only laterally and ventral1y, but dOn"ally as well, and it is the last 

peculiarity, one in which these genera stand practically alone, that we consider as 

the most important. The anterior closing of the slit waE!, we think, merely inci

dental to this expansion of the aperture, and perhaps dominated entirely by the 

necessity of overcoming the extreme liability to fracture to which the aperture 

would have been subject had the slit been allowed to continue to its outer 

margm. 

Regarding the dorsal slit of Salp£ngostoma, it is questionable if the entire length 

of it that is represented by a ridge on casts of the interior was open. There is some 

reason to believe that a portion of the posterior end was covered by a thin film of 

shell. The greater portion of it, however, seems to have been permanently open. 

While there may be some doubt about the covering of the posterior end, there is 

none when we come to the anterior end. Here, from the beginning of the apertural 

expansion, backward for a distance equalling about one-half of the transverse 

diameter of the volution, the slit is undoubtedly closed, though continuing in some 

specimens as a gradually diminishing furrow on the inner side of the shell. In 

other specimens, of the same species even, there is a broad internal thickening, 

leaving a furrow instead of a ridge on casts of the interior. Behind the slit there is 

a distinct band with lunulffi, precisely as in Bucania and Bellerophon. 

The surface markings of Salp£ngostoma are practically the Eame as in Bucania. 

Beneath the apertural expansion they consist of more or less oblique and wavy, 

wrinkled, revolving striffi, interrupted at sub regular intervals by lines of growth. 

The former may be represented, as in S. buelli, by small, partially disconnected 

knots, which are arranged in series in such a manner that when viewed with the 

light coming from different directions the predominent element of the markings is 

changed from the oblique to the longitudinal. In S. sculptilis the revolving lines 

are zigzag and unite with the transverse lines in producing a network in which the 

pattern is complicated by an extra thread running obliquely through the alternating 

meshes. In nearing the mouth and continuing over the expansion the revolving 

lines usually become the most conspicuous element of the surface ornamentation, 

but they seem neyer to lose their irregularly wavy character entirely. As a rule 

the transverse lines predominate in ·the umbilical regions, and occasionally also 
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apertural sinus in all Bellerophontacea having a slit-ban'd. In some it was very long 

(Bucania and Conradella), but in the majority it was comparatively short; and in all 

ca,ses it is the feature that gave rise to the slit-band, the posterior end of the slit 

having been pushed forward in proportion with the growth of the shell. 

In only two genera of the suborder, however, Salpingostoma and Tremanotu8, 

was the E'lit closed in front. In both of these genera the aperture is enormously 

expanded, not only laterally and ventrally, but don:ally as well, and it is the last 

peculiarity, one in which these genera stand practically alone, that we consider as 

the most important. The anterior closing of the slit wa~, we think, merely inci

dental to this expansion of the aperture, and perhaps dominated entirely by the 

necessity of overcoming the extreme liability to fracture to which the aperture 

would have been subject had the slit been allowed to continue to its outer 

margm. 

Regarding the dorsal slit of Salpingostoma, it is questionable if the entire length 

of it that is represented by a ridge on casts of the interior was open. There is some 

reason to believe that a portion of the posterior end was covered by a thin film of 

shell. The greater portion of it, however, seems to have been permanently open. 

While there may be some doubt about the covering of the posterior end, there is 

none when we come to the anterior end. Here, from the beginning of the apertural 

expansion, backward for a distance equalling about one-half of the transverse 

diameter of the volution, the slit is undoubtedly closed, though continuing in some 

specimens as a gradually diminishing furrow on the inner side of the shell. In 

other specimens, of the same species even, there is a broad internal thickening, 

leaving a furrow instead of a ridge on casts of the interior. Behind the slit there is 

a distinct band with lunulm, precisely as in Bucania and Bellerophon. 

The surface markings of Salpingostoma are practically the same as in Bucania. 

Beneath the apertural expansion they consist of more or less oblique and wavy, 

wrinkled, revolving strim, interrupted at subregular intervals by lines of growth. 

The former may be represented, as in S. buelli, by small, partially disconnected 

knots, which are arranged in series in such a manner that when viewed with the 

light coming from different directions the predominent element of the markings is 

changed from the oblique to the longitudinal. In S. sculptilis the revolving lines 

are zigzag and unite with the transverse lines in producing a network in which the 

pattern is complicated by an extra thread running obliquely through the alternating 

meshes. In nearing the mouth and continuing over the expansion the revolving 

lines usually become the most conspicuous element of the surface ornamentation, 

but they seem neyer to lose their irregularly wavy character entirely. As a rule 

the transverse lines predominate in ·the umbilical regions, and occasionally also 
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on the dorsal part of the apertural expansion. The inner side of the aperture is 
al ways smooth. 

Regarding the expanded aperture, we believe that it was developed only once 

during the life of the animal, and that it marks the fully matured condition. Two 

facts lead us to this opinion: first, the uniform size (in each species) of the speci

mens in which it is developed or preserved; and second, the thickness, as of age, to 

which the expanded rim may attain. As demonstrating the first we will give the 

results of measurements of two species. In ten average specimens of S. richmond

ensis the hight of the shell, excluding the apedural expansion, is 45 mm. in the 

smallest and only 50 mm. in the largest; in five specimens of S. buelli the same 

measurement varied between 35 and 37 mm. Herein lies the principal difference 

between Salpingostoma and Tremanotus, and it at the same time explains the 

development of a row of small openings in the latter instead of a single long slit. 

In Tremanotus, namely, the expanded aperture is a periodic development, a new 

one being formed at frequent intervals. There is, therefore, no narrow limit to the 

size of the specimen. The expansion is also always very thin, and the old ones were 

either broken away or reabsorhed, the latter being in our opinion more likely. As 

in Salpingostoma, the development of each expansion was preceded or accompanied 

by the anterior closing of the apertural slit, continued growth at last producing a 

row of openings instead of a continuous fissure. The number of these openings 

remaining uncovered varied probably according to their sizes and with the species. 

The only evidence on this point now available is furnished by casts of the interior. 

These seemed to show that they remained open for a distance equalling about a 

third of a volution. In this distance, which slightly exceeds the average length of 

the slit in Salpingostoma, different species of Trernanoius show from four to about 

ten openings. 
The surface markings of Tremanotu8 longitudinalis Lindstr()m, the only species 

of the genus on which they have been observed in a thoroughly satisfactory manner, 

are on the whole more like those of Bucania than Salpingosto11l((, but as they are 

practically of the same type in all three genera, they are of but little assistance in. 

referring a shell to its proper genus.* 

Finally, we wish to state emphatically our conviction that Bucania, Salpingos

toma and Tremanotus stand in close generic relationship to each other. The 

• Koken draws some fine distinctions between the different surface sculpturings of a number of European and one 
American species belonging in this connection, yet. if bis observations on the others are not much nearer the truth than 
those which pertain to T,.emanotus. they are certainly of little value. But we are perhaps more severe here than we Il1tend, 
since in our opinion Dr. I{oken has given us it most praiseworthy and valuable work. Because of the general minuteness 
and correctness of his observations. an error so palpable as the one he has fallen into with respect to Tremmwtns is to be 
regretted more than condemn"ld. Where he got the idea that the inner side of the aperture in 'l'remanotus is radially folded, 
and that "the folds are restricted to the'inner side and in no wise dependent upon the outer side," is beyond our compre
hension. It is simply not a fact. 

SlI.lpingostoma.] 
GASTROPODA. 899 
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development was progressive from one to the other in the order named. In the 

first the aperture is never greatly expanded, in the second it flares abruptly at 

maturity, while in the third an expanded mouth is developed at more or less 

frequent intervals. The second type was probably evolved in times preceding the 

Trenton period, but the .evolution of the third seems to have been postponed till 

after the close of the Lower Silurian. 

SALPINGOSTOMA BUELLI Whitfield. 

P LATE LXVII, FIGS. 34-37 and ?38. 

BHwnia buelli WHIT.FIELD, 1878, Ann. Hept. Geol. Surv. Wis. for 1877, p. 76. 
Bl(cania (Tl'cmanottls?) buelli WmTFIELD, 1882, Geol. of Wis., va!. iv., p. 224. 

Shell of medium size, consisting of about three and a half volutions. The 

greatest diameter of the shell, just before the development of the expanded aperture, 

varies usually between 35 mm. and 36 mm., while the width of the last volution at 

the same point is about 20.5 mm., and its hight one or two mm. less. Volutions 

appressed, subreniform in section, the hight of the inner ones just a little more than 

half the width; dorsum broadly convex, the sides narrowly rounded or subangular, 

the ventral surface slightly concave where it is in contact with the preceding whorl. 

Umbilicus large, exposing all the inner whorls, with the sutural line deep. Aper

ture abruptly expanded, nearly horizontal, slightly raised and gently sinuate in front, 

broadly ovate or subcircular in outline with the hight and width nearly equal, the 

latter usually a little the greater; average hight about 35 mm. Transverse surface 

markings (behind the apertural expansion) consisting of fine sharp lines, three or 

four in 1 mm., and at intervals increasing with growth from 1 to 2 mm., of a stronger 

wrinkle-like set; both sets sweep backward with very little curvature between the 

sides of the volutions and the slit, joining the latter at an angle of about 60°; the 

transverse strirn are crossed by nodular revolving lines, the nodes being arranged in 

such a manner that by changing the direction of the light a diagonal arrangement 

will become more prominent than the longitudinal. Toward and on the apertural 

expansion the revolving lines increase gradually in strength, assuming at the same 

time a radial disposition, while the interpolation of a smaller set produces a distinct 

alternation in size at the margin. Inner surface of aperture perfectly smooth or 

exhibiting a few obscure concentric lines. 

Dorsal slit about 24 mm. long, its edges raised, represented by a narrow rough 

ridge on casts. Behind the slit an ordinary band, appearing raised because bordered 

on each side by a narrow groove. In front of it to the beginning of the expansion 

a similar band; this continues as a gradually diminishing,small ridge to the sinus in 
the lip. 
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a similar band; this continues as a gradually diminishing,small ridge to the sinus in 
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The lateral view of a cast of this species given by Whitfield (op. cit., pI. VI, fig. 

13) does not agree with oqr specimens, the outer third of the last volution being 

much fuller in the figure, and represented as convex or straight almost to the edge 

of the aperture instead of deeply concave. Still, we cannot for a moment doubt 

that we have really described the species intended by Prof. Whitfield, since the 

majority of them are from the locality which furnished the original types, and all 

are precisely like specimens in the museum of the University of Wisconsin labelled 

in Prof. Whitfield's hand as Bucania buelli. That the figure objected to may not 

be true to nature is indicated by the fact that it does not agree with his fig. 12 which 

is stated to be of the same specimen. It may be that the specimen is in part a 

cast of the exterior, which would account also for the presence of the radiating 

ribs. Not a trace of the latter is visible on any specimen seen by us that is truly a 

cast of the interior. 

The surface sculpture of S. expansa Hall sp., of the Trenton of N ew York, is not 

well known, but casts of the interior al:e readily distinguished from those of this 

species, the volutions being less depressed, and subtriangular in section instead of 

subreniform. We have several fragments of a variety or closely related species from 

the Black River limestone of Kentucky, differing from the typical form of S. buelli, 

so far as the imperfect material will admit of judgment, in having a thicker shell, 

coarser surface markings, and smaller inner volutions when compared with the 

expanded aperture which is fully as large as S. buelli. The aperture also is not so 

abruptly turned outward dorsally. In the last feature it is more like S. expansa but 

the specimens are too small for that species and the volutions rounded on the back 

instead of sub angular. Since the form is close to 8. buelli we may designate it 

provisionally as var. kentuckyensis. 

The specimen represented by fig. 38 on plate LXVII is considerably smaller 

than any other of the species seen. The radiating ribs on the apertural 

expansion also are stronger than they should be in S. buelli. If these differences 

prove constant in other specimens they should be distinguished as a variety at 

least. 

Formation and locality.-In Minnesota S. bURlli is a rare fossil and so far known only from the lime
stones of the Stones River group, at Minneapolis, Oannon Falls and Old Concord. In Wisconsin, howeyer, 
it is not uncommon and continues into the overlying limestones of the Black River group; Beloit and 
Janesville are the principal localities. In Illinois it occurs at Rockton and Dixon. 

Uollections.-Geological and Natural History Survey of Minnesota; University of Wisconsin; Oharles 
Schuchert; E. O. Ulrich; W. H. Scofield. 

Museum Register, Nos. 7293, 7318, ?5544. 
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SALPINGOSTOMA SCULPTILIS, n. sp. 

PLATE LXXXU, FIGS. 16-20. 

Shell scarcely attaining medium hight., consisting of at least three and one-half 

volutions, the hight, including apertural expansion, about 40 mm. Inner volutions 

enlarging very slowly, somewhat rhomboidal in section, obtusely angular on the 

dorsum and more narrowly angular on the sides, the hight and width respectively 

as six is to ten. Aperture expanding abruptly .till it measures at least 30 mm. in 

width and 28 mm. in hight; anterior sinus very shallow. Umbilicus large, exposing 

all the whorls. Surface markings forming a coarse network of alternating hex

agonal meshes; an extra thread passes in an obliquely forward and inward direction 

through each mesh. In the umbilicus the oblique thread is the most conspicuous. 

About six rows of meshes occur on the small part of the outer volution on each side 

between the slit-band and the lateral edges. On the apertural expansion the 

markings increase in strength, though numerous longitudinal threads are interpo

lated as the space to be covered grows larger. Dorsal fissure about 17 mm. long. 

This species may be related to S. expansa Hall sp., but it is readily distinguished 

by its smaller size and by the angularity of the back of its inner volutions, these 

being more rounded in that species (i. e. elliptical or reniform in section). The 

dorso-ventral diameter of the aperture also is relatively less in that species. The 

surface ornamentation of S. expansa being as yet unknown, we cannot say how it 

compares with that of S. sculptil£s. Compared with S. buelli Whitfield, it will be 

found that S. sculptilis is smaller, has different surface markings, and volutions that 

are not only narrower but rhomboidal instead of reniform in section. 

Formation and locality • .:....Four specimens, all from the Fusispira bed of the Trenton group, three 
from ditIerent lucalities in Goodhue county, and one from Ollie Hansen's farm near Fountain, Minnesota. 

CollertiOlls.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

lJluseum Register, No. 7462. 

SALPINGOSTOMA IMBRICATA, n. sp. 

PLA.TE LXXXII, FIGS. 21 and 22. 

Of this species we have but a single imperfect cast, the greater part of the 

expanded aperture being broken away. In the remaining parts it resembles S. 

SCltlptilis but the whorls are even narrower, the hight being to the width as five is 

to six and the section broadly subelliptical. The back of the volutions is broadly 

convex, the sides narrowly rounded or subangular, and the umbilical or ventral 

slope slightly flattened. The dorsal slit seems to have been at least 30 mm. in 

length. The shell is entirely gOUB except in the umbilicus, where, in the suture 

hnes especially, there are remains of very regularly recurring, salient, thin, trans-
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verse, imbricating lamellm, seven or eight in a distance of 5 mm. On the dorsal 

parts of the shell these lamellm must be much farther apart. Revolving lines are 

faintly indicated on the back. There is something so suggestive of Tremrtnotu8 

about this species that it is to be hoped that better specimens may soon be 

discovered. 

Formation and locality.-Richmond group of the Cincinnati period, near Spring Valley, Minnesota. 

Oollection.-E. O. Ulrich. 

SALPINGOSTOMA RIOHlIWNDENSI8, n. sp. (Ulrich.) 

PLATE LXVII. FIGS. 3D and 40. 

Shell slightly exceeding medium size, the hight, including apertural expansion, 

50 to 55 mm.; known from casts of the interior chiefly. These consist of about three 

strong volutions, the inner ones wide, depressed, sharply rounded on the sides, 

broadly and evenly convex on the back, less convex and with a very slight central 

cavity on the ventral side, the whole giving a transversely elongate subelliptical 

cross-section, whose width is a little more than twice the hight. Dorso-ventral 

diameter of last volution increasing very rapidly in the outer balf, while the trans

verse diameter enlarges very slowly. .J ust behind the apertural expansion, where 

the volution is more or less distinctly compressed laterally, the dimensions in three 

specimens (casts) are as follows: width 22, 23 and 24 mm.; hight 26, 27 and 27 mm. 

At the opposite side of the shell the volution is about 15 mm. wide and 7 mm. high 

in all three specimens. The umbilicus is of the usual size for the inner volutions, 

but for the entire shell it is comparatively small. This is because the angular or 

narrowly rounded boundary moves gradually toward the ventral side of the 

volutions, causing the wall of the umbilicus to become more and more abrnpt . 

.Just behind the aperture it is nearly or quite perpendicular, the ventral surface of 

the volution being almost flat. Apertural expansion abrupt, apparently not very 

wide" with recurved edges, broadly ovate in outline, slightly narrower above than 

below. Dorsal slit about 20 mm. in length, beginning the same distance or some

what more behind the aportural expansion. The slit is represented by a rough 

(fractured) ridge on casts. Behind it the cast is smooth, but in front of it there is a 

more or less distinct broad furrow. 
The surface markings have been observed only on the back of the second 

volution. Here they consist of about seven irregular revolving ribs on each side of 

a very narrow elevated slit-band. At intervals of about 1.5 mm. the ribs are 

interrupted by transverse lamellm. Where they are shown the volution has a 

width of 7 mm. 
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verse, imbricating lamellm, seven or eight in a distance of 5 mm. On the dorsal 

parts of the shell these lamellce must be much farther apart. Revolving lines are 

faintly indicated on the back. There is something so suggestive of Tremrtnotus 
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P LATE LXVII, FIGS. 39 and 40. 
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Collectors have heretofore identified this species with Hall's Bucania expansa 

from the Trenton of New York,* but a comparison proves it quite distinct. In the 

first place, though of about the same size, there is one volution less. Next., the last 

volution is relatively narrower and higher just behind the aperture, and the latter 

very differently outlined. Finally, the last volution is now here triangular as is 

the case in the Trenton species. Compared with S. buelli and S. sculptdis the 

outer volution will be found much larger especially as regards the dorso-ventral 

diameter. 

In practice the most difficult perhaps to separate from this species IS the 

associated Bucania simulatr1·x. Though of widely different affinities, casts of these 

two species, especially when, as is usually the case, the aperture is imperfect, are 

very apt to be confused. Still, after familiarizing one's self with certain differ

ences, they may be distinguished almost at a glance. In the first place the volutions 

of the Bucania are more slender. This difference is particularly striking in an 

apertural view, the small end of the outer volution, in specimens of the same hight, 

being at least a fourth wider in the Salpingostoma. In the Bucania again the width 

of the last volution continues to increase quite uniformly instead of being almost 

constricted near the aperture. When the latter is preserved the difficulties have 

vanished, for this part is readily distinguishable. 

Furrnation and locali/y.-Ricbmond group of tbe Cincinnati period, at Ricbmond, Indiana, wbere 
casts of it occur ratber abundantly. Good specimens, bowever, are anytbing but common. 

Oollection.-E. O. Ulricb. 

Genus CONRADELLA, n. gen. 

Phragmolites, UONRAD, 1838, Ann. Geol. Rep. New York, p. 119. 
0Yl'tolites (part.), HALL, 1817 and 1871. MEEK and WORTHEN, ]868. MEEK, 1873. S. A. MILLER, 

1874 and 1892. 

For generic characters and list of species see pages 851, 852. 

It is strange that this sharply defined genus of shells has been so uniformly 

confused with Cyttalites. Aside from the fact that the whorls are similarly coiled 

in the two groups, there is not a single character in which they are identical. While 

the typical forms of Cyrtalites have no slit-band and in some cases not even a sinus 

in the outer lip, Conradella has not only a sharply defined raised band, but an 

unusually long apertural slit as well. The form of the volutions also is different, 

the transverse section in the former being more or less rhomboidal, while in the 

latter it is ovate or obcordate. Finally, the surface markings are- not at all similar, 

.• The erroneous identification of this and a number of other Trentoll fOSSils ill the upper member of the Cincinnati 
perIOd, IS responSIble fol' t.he commonly prevailio.o: yet gronndless idea that the faun, of the "Oillcillnati "roup" is a sort of 
IJllxt.nrc of .. Trenton and. IT udsou River types." The sooner paleontologists will come to realize that a c:reful comparisoll 
of tue fOSSils themselves 15 oue of tue first necessities in a successful idelltification or discrimination the better it will be 
for stl'atlgrallfncal geology. Mistakes are always possible, but time and care will avert most of them. ' 
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very differently outlined. Finally, the last volution is nowhere triangular as is 

the rase in the Trenton species. Compared with S. buelli and S. sculpttl(s the 

outer volution will be found much larger especially as regards the dorso-ventral 

diameter. 

In practice the most difficult perhaps to separate from this species IS the 

associated Bucania simulatn·x. Though of widely different affinities, casts of these 

two species, especially when, as is usually the case, the aperture is imperfect, are 

very apt to be confused. Still, after familiarizing one's self with certain differ

ences, they may be distinguished almost at a glance. In the first place the volutions 

of the Bucania are more slender. This difference is particularly striking in an 

apertural view, the small end of the outer volution, in specimens of the same hight, 

being at least a fourth wider in the Salpingostoma. In the Bucania again the width 

of the last volution continues to increase quite uniformly instead of being almost 

constricted near the aperture. When the latter is preserved the difficulties have 

vanished, for this part is readily distinguishable. 

Furrnation and locali/y.-Richmond group of the Cincinnati period, at Richmond, Indiana, where 
casts of it occur rather abundantly. Good specimens, however, are anything hut common. 

Oollection.-E. O. Ulrich. 

Genus CONRADELLA, n. gen. 

Phragmolites, UONHAD, 1838, Ann. Geol. Rep. New York, p. 119. 
Oyrtolites (part.), HALL, 1817 and 1871. MEEK and WORTHEN, ]868. MEEK, 1873. S. A. MILLER, 

1874 and 1892. 

For generic characters and list of species see pages 851, 852. 

It is strange that this sharply defined genus of shells has been so uniformly 

confused with Cyrtolites. Aside from the fact that the whorls are similarly coiled 

in the two groups, there is not a single character in which they are identical. While 

the typical forms of Cyrtolites have no slit-band and in some cases not even a sinus 

in the outer lip, Conradella has not only a sharply defined raised band, but an 

unusually long apertural slit as well. The form of the volutions also is different, 

the transverse section in the former being more or less rhomboidal, while in the 

latter it is ovate or obcordate. Finally, the surface markings are not at all similar, 

.• The erroneous idontification of this and a number of other Trenton fossils in the upper member of the Oincinnati 
pOllod, IS responsIble fOI' the comnIonly prflvailin.o: yet groundless idea that the faun' of the" Oincinnati "roup" is a sort of 
IJllxt.llro of .. Trenton and. ITuclson River types." The sooner paleontologists will come to realize that a c:reful comparison 
of tile fOSSils t~eTJIselves IS one of t116 first necessities in a successful identification or discrimination the better it will be 
for stn,tlgraphlCal geology. Mistakes are always possihle, but time and care will avert most of them .• 
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Cyrtolites having fine thread-like lines arranged in a reticulate manner, while in 

·Conradella the surface is covered by strongly imbricating transverse lamellrn, the 

raised edges of which are serrated. 

It seems to us that Conradella is in reality nearer Bucania than Cyrtolites. A 

careful comparison brings out what we conceive to be important agreement8. Thus, 

in Bucania there is a rather long apertural slit., a large umbilicus and the whorls 

increase somewhat slowly in size, while the surface sculpturp, though differing in 

. detail, is of the same type. Of course, we do not wish to be understood to say that 

Bucania and Conradella are closely related, nor that there is any difficulty in keeping 

the two genera separate, the strong dorsal keel, less depressed and more slowly 

enlarging volutions, and the directness of the transverse imbrications in the latter 

being very obvious peculiarities. Yet, when we' consider the general sameness of 

the types, we cannot escape the conviction that they were derived from the same 

stock. The great development of the lamellrn, each of which must at first have been 

abrupt apertural expansions, is corroborative evidence for this view, since it is a 

feature recurring in even greater development in Tremanotus, a genus that doubtless 

was derived from Salpingostoma and Bucania. 
In the new genus Cyrtolitina (see pages 847, 856), the surface markings are some

what similar, but the lines 9f growth sweep backward on nearing the dorsum, causing 

a sinus in the outer lip, the apertural slit is much shorter, and the volutions fewer in 

number and much more rapidly enlarging. The long slit and the general form of 

the shell of Conradella remind one greatly of the Devonian and Carboniferous genus 

Porcellia, Leveille, yet it is more than doubtful if there is any true relationship 

between them. In Porcellia the surface markings are of a different type, while the 

innermost volutions are unsymmetrically coiled, showing that it was derived from 

a.pleurotomarid rather than a bellerophontid stock, the symmetric coiling of the 

later whorls probably indicating partial atavism. 

Respecting the name of this genus, we would have been glad to restore Conrad's 

Phragmolites (partitioned stone) were it not objectionable because it gives an 

incorrect idea of the fossil. Conrad believed his P. comptessus to be a chambered 

shell. This, however, was soon learned to be an error, and as Hall placed the 

species unreservedly into Cyrtolites, which was proposed by Conrad at the same 

time, all subsequent paleontologists have followed in ranking Phragmolites as a 

synonym under Cyrtolites. Had the name ever attained currency, we would feel 

ourselves bound to revive it, on the score of priority, despite its inappropriateness, 

hut as no one, so far as we can learn, ever adopted it, we thought it best to view the 

name as one that has failed of being established because of incorrect and insufficient 

definition. Yet we think it but justice to Mr. Conrad, who was a better paleontolo-
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Cyrtolites having fine thread-like lines arranged in a reticulate manner, while in 

·Conradella the surface is covered by strongly imbricating transverse lamellce, the 

raised edges of which are serrated. 

It seems to us that Conradella is in reality nearer Bucania than Cyrtolites. A 

careful comparison brings out what we conceive to be important agreement!". Thus, 

in Bucania there is a rather long apertural slit., a large umbilicus and the whorls 

increase somewhat slowly in size, while the surface sculpture, though differing in 

detail, is of the same type. Of course, we do not wish to be understood to say that 

Bucania and Conradella are closely related, nor that there is any difficulty in keeping 

the two genera separate, the strong dorsal keel, less depressed and more slowly 

enlarging volutions, and the directness of the transverse imbrications in the latter 

being very obvious peculiarities. Yet, when we' consider the general sameness of 

the types, we cannot escape the con viction that they were derived from the same 

stock. The great development of the lamellce, each of which must at first have been 

abrupt apertural expansions, is corroborative evidence for this view, since it is a 

feature recurring in even greater development in Tremanotus, a genus that doubtless 

was derived from Salpingostoma and Bucania. 

In the new genus Cyrtolitina (see pages 847,856), the surface markings are some

what similar, but the lines 9f growth sweep backward on nearing the dorsum, causing 

a sinus in the outer lip, the apertural slit is much shorter, and the volutions fewer in 

number and much more rapidly enlarging. The long slit and the general form of 

the shell of Conradella remind one greatly of the Devonian and Carboniferous genus 

Porcellia, Leveille, yet it is more than doubtful if there is any true relationship 

between them. In Porcellia the surface markings are of a different type, while the 

innermost volutions are unsymmetrically coiled, showing that it was derived from 

apleurotomarid rather than a bellerophontid stock, the symmetric coiling of the 

later whorls probably indicating partial atavism. 
Respecting the name of this genu!", we would have been glad to restore Conrad's 

Phragmolites (partitioned stone) were it not objectionable because it gives an 

incorrect idea of the fossil. Conrad believed his P. compressus to be a chambered 

shelL This, however, was soon learned to be an error, and as Hall placed the 

species unreservedly into Cyrtolites, which was proposed by Conrad at the same 

time, all subsequent paleontologists have followed in ranking Phmgmolites as a 

synonym under Cyrtolites. Had the name ever attained currency, we would feel 

ourselves bound to revive it, on the score of priority, despite its inappropriateness, 

but as no one, so far as we can learn, ever adopted it, we thought it best to view the 

name as one that has failed of being established because of incorrect and insufficient 

definition. Yet we think it but justice to Mr. Conrad, who was a better paleontolo-
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gist than he is usually credited with having been, that his name should be connected 

with the genus. Hence the name Con-radel/a. 

CONRADELLA OBLIQUA, n. sp. 

PLATE LXVII, FIGS. 1-6. 

Shell discoid, small, commonly from 10 mm. to 15 mm., and not known to exceed 

20 mm., in diameter. Whorls three or four, enrolled so that the keel of each is 

partly imbedded in the base of the next; transverse section of whorls su bcircular, or 

transversely elliptical, the dorsum (excepting the keel) sometimes slightly flattened. 

Keel sharply elevated, narrow, nearly 1 mm. high in the largest specimens, the 

summit with distant subimbricating lunulre bordered on each side by a delicate 

raised line. Slit long, extending backward from the aperture almost half a whorl, 

having a length of fully 20 mm. in a specimen 14 mm. in diameter; borders of slit 

raised, though not as prominently as the keel farther back. Transverse, serrated 

surface imbrications cros'ling the whorls obliquely, seeming to sweep strongly 

backward from the umbilicuR, without however forming a sinus on the ~ack. 

Serrated edges moderately prominent, the elevation in no case exceeding 1.0 mm., 

being in most cases less than 0.5 mm.; behind each sinus a rib, dying out before it 

reaches the preceding lamina. 

On the inner volutions the transverse imbrications are crowded, but on the last 

the distance between them is increased so that the average at the keel equals about 

one-third of the width of the volution. Between the serrated edges the surface is 

very finely cancellated, the longitudinal lines being somewhat less distinct than 

the transverse. 

This species is readily distinguished from C. compressa Conrad, C. pannosa 

Billings and C. dyeri Han by the obliquity of the transverse imbrications, and the 

greater width of the volutions. 

Formation and locality.-Not uncommon in the Rhinidictya and Ctenodonta beds of the Black River 
group, at St. Paul, Minneapolis, Cannon Falls, Chatfield and Fountain, Minnesota. 

Collectiolls.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. S(\ofield. 

Jfuseum Register, Nos. 4051, 6853, 7536. 

CONRADELLA SIMI LIS, n. sp. (Ulrich..) 

(Not figured.) 

This species is rIosely related to O. obliqua. differing from it chiefly in the 

transverse section of the whorls. In that species the section is almost circular, but 

in the form which we propose to call O. similis it is broadly obcordate. This 

difference causes the keel to appear as less abruptly elevated, the slope on each side 
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gist than he is usually credited with having been, that his name should be connected 

with the genus. Hence the name Conradella. 

CONRADELLA OBLIQUA, n. sp. 

PLATE LXVII, FIGS. 1-6. 

Shen discoid, sman, commonly from 10 mm. to 15 mm., and not known to exceed 

20 mm., in diameter. Whorls three or four, enrolled so that the keel of each is 

partly imbedded in the base of the next; transverse section of whorls subcircular, or 

transversely elliptical, the dorsum (excepting the keel) sometimes slightly flattened. 

Keel sharply elevated, narrow, nearly 1 mm. high in the largest specimens, the 

summit with distant subimbricating lunulffi bordered on each side by a delicate 

raised line. Slit long, extending backward from the aperture almost half a whorl, 

having a length of fully 20 mm. in a specimen 14 mm. in diameter; borders of slit 

raised, though not as prominently as the keel farther back. Transverse, serrated 

surface imbrications crossing the whorls obliquely, seeming to sweep strongly 

backward from the umbilicw;;, without however forming a sinus on the back. 

Serrated edges moderately prominent, the elevation in no case exceeding 1.0 mm., 

being in most cases less than 0.5 mm.; behind each sinus a rib, dying out before it 

reaches the preceding lamina. 

On the inner volutions the transverse imbrications are crowded, but on the last 

the distance between them is increased so that the average at the keel equals about 

one-third of the width of the volution. Between the serrated edges the snrface is 

very finely cancellated, the longitudinal lines being somewhat less distinct than 

the transverse. 

This speeies is readily distinguished from C. compressa Conrad, C. pannosa 

Billings and C. dyeri Hall by the obliquity of the transverse imbrications, and the 

greater width of the volutions. 

Formation and locality.-Not uncommon in the Rhinidictya and Ctenodonta beds of the Black River 
group, at St. Paul, Minneapolis, Cannon Falls, Chatfield and Fountaio, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. SCofield. 

Jfuseum Register, Nos. 4051, 6853, 7536. 

CONRADELLA SIMILIS, n. sp. (Ulrich.) 

(Not figured.) 

This species IS closely related to C. obliqua. differing from it chiefly in the 

transverse section of the whorls. In that species the section is almost circular, but 

in the form which we propose to call C. similis it is broadly obcordate. This 

difference causes the keel to appear as less abruptly elevated, the slope on each side 
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. of it more gentle, and the edge of the umbilicus more narrowly rounded. The 

ventral side of the volutions being flatter, the umbilicus therefore is not only more 

abrupt at its circumference, but also a little smaller. The transverse imbrications, 

though not quite so oblique, are similarly disposed, but the serrations are broader 

and fewer in number, there being on each side only six or seven, to ten or eleven 

in C. obliqua. In C. compressa Conrad the transverse imbrications are but little, if 

at all, oblique, and the dorilo-ventral diameter of the whorls the greater, while for 

C. similis the opposite is true. 

Formation and locality.-Upperpartof the Black Rivergroup, in Mercer and Boyle counties, Kentucky. 

Oollection.-E. O. Ulrich. 

CONRADELLA FIMBRIATA, n. sp. 

PLATE LXII. FIG. 61;; PLATE LXVII, FIGS. 7-10. 

Shell discoid, from 18 mm. to 25 mm. in diameter. Volutions about three, 

enlarging more rapidly than usual for the genus, very strongly and rather abruptly 

carinate, broadly subcordate in section, wider than high, narrowly rounded in the 

lower part of the sides; umbilicus comparatively small, equalling two-fifths of the 

diameter of the shell; slit extending nearly a half-volution posterior to the apertural 

margin. Aperture abruptly expanded at frequent intervals, the expansion left 

behind forming transverse, imbricating, folded lamellrn, the anterior edges of which 

are strongly serrated and project, collar-like, 3 or 4 mm. forward and outward from 

the surface of the last volution. Each expansion has ~even folds, the lower one 

faint, the upper ones strong. Occasionally a smaller one is developed between each 

pair of the latter. The entire surface covered by very fine longitudinal and trans

verse lines. AU the transverile markings cross the volutions obliquely. When, as 

is generally the case, the projecting lamellrn are broken away, the surface presents 

two or three more or less obscure revolving ribs on each side of the prominent keel. 

Greatest width of last volution, without the apertural expansion, in a specimen 25 

mm. in diameter, about 12 mm.; with the expansion about 18 mm.; hight of 

aperture about 15 mm. Intervals between imbrica,tions varying on the outer 

whorls between 1 and 2 mm. 
When the apertural expansions are broken away this shell reminds one greatly 

of C. similis, the only difference being that the whorls enlarge more rapidly. But 

the perfect shell cannot be confused with any other, the great extent of the over

lapping expansions giving it a very striking appearance. 

Formation and locality.-Stones River group (Vanuxemia bed), Minneapolis, Minnesota, and Dixon, 
Illinois. 

Oollections.-Geological and Natural History Survey oE Minnesota (about 22 specimens); E. O. Ulrkh 
(6 specimens). 

Museum Register, Nos. 653, 5110,8724. 
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. of it more gentle, and the edge of the umbilicus more narrowly rounded. The 

ventral side of the volutions being flatter, the umbilicus therefore is not only more 

abrupt at its circumference, but also a little smaller. The transverse imbrications, 

though not quite so oblique, are similarly disposed, but the serrations are broader 

and fewer in number, there being on each side only six or seven, to ten or eleven 

in C. obliqua. In C. compressa Conrad the transverse imbrications are but little, if 

at ali, oblique, and the dor~o-ventral diameter of the whorls the greater, while for 

C. sirnilis the opposite is true. 

Formation and locality.-Upperpartof the Black Rivergroup, in Mercer and Boyle counties, Kentucky. 

Oollection.-E. O. Ulrich. 

CONRADELLA FIMBRIATA, n. sp. 

PLATE LX IT. FIG. 61;; PLATE LXVII, FIGS. 7-10. 

Shell discoid, from 18 mm. to 25 mm. in diameter. Volutions about three, 

enlarging more rapidly than usual for the genus, very strongly and rather abruptly 

carinate, broadly subcordate in section, wider than high, narrowly rounded in the 

lower part of the sides; umbilicus comparatively small, equalling two-fifths of the 

diameter of the shell; slit extending nearly a half-volution posterior to the apertural 

margin. Aperture abruptly expanded at frequent intervals, the expansion left 

behind forming transverse, imbricating, folded lamelhe, the anterior edges of which 

are strongly serrated and project, collar-like, 3 or 4 mm. forward and outward from 

the surface of the last volution. Each expan~ion has ~even folds, the lower one 

faint, the upper ones strong. Occasionally a smaller one is developed between each 

pair of the latter. The entire surface covered by very fine longitudinal and trans

verse lines. An the transverse markings cross the volutions obliquely. When, as 

is generally the case, the projecting lamellill are broken away, the surface presents 

two or three more or less obscure revolving ribs on each side of the prominent keel. 

Greatest width of last volution, without the apertural expansion, in a specimen 25 

mm. in diameter, about 12 mm.; with the expansion about 18 mm.; hight of 

aperture about 15 mm. Intervals between imbrications varying on the outer 

whorls between 1 and 2 mm. 
When the apertural expansions are broken away this shell reminds one greatly 

of C. similis, the only difference being that the whorls enlarge more rapidly. But 

the perfect shell cannot be confused with any other, the great extent of the over

lapping expansions giving it a very striking appearance. 

Formation and locality.-Stones River group (Vanuxemia bed), Minneapolis, Minnesota, and Dixon, 
Illinois. 

Oollections.-Geological and Natural History Survey of Minnesota (about 22 specimens); E. O. Ulrich 
(6 specimens). 

Museum Register, Nos. 653, 5110,8724. 
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CONRADELLA TRIANGULARIS, n. sp. 

PLA TE LX VII, FIGS. 19-22. 

Shell usually from 15 to 18 mm. in diameter, compressed discoid, consisting of 

about three volutions; whorls carinate, slightly higher than wide, triangular

obcordate in section, gently convex on the sides, widest and angular below where 

the surface sinks abruptly into the umbilicus. Surface very rough, the zigzag or 

serrated lamellm crossing the whorls almost directly, from 0.5 to 1 mm. apart., each 

with eight or nine folds between the dorsal keel and the edge of the umbilicus; at 

the latter the lamellm generally turn somewhat abruptly forward. Usually the 

folds are arranged so as to present obscurely the appearances of revolving ridges. 

At other times they may alternate in adjacent series. The angularity of the ventral 

part of the sides of the volutions varies somewhat., the margin of the umbilicus 

being in many cases very sharp, while in others it would be more truly described 

as abruptly rounded. In casts of the interior, of course, the angle is never so distinct 

as in the shell itself. 
Most collectors of northwestern fossils have identified this species with the 

New York Trenton C. compressa Conrad, sp. They are, however, quite distinct, the 

whorls in the New York shell being wider and more uniformly convex on the sides, 

the umbilicus not at all sharply defined, and the transverse imbrications more 

distant. Compared with all the known species of the genus, excepting the next, 

which see, none seems to us so near as C. dyeri Hall sp., a variety of which occurs in 

the Trenton of Minnesota. Still, C. triangularis is distinguished readily enough 

from that species, as well as from all the others, by the more distinctly angular 

character of the umbilical edge. Besides C. dyeri is a smaller shell, with rounder 

volutions, and more sharply raised keel, while the transverse imbrications are more 

crowded and the appearance of revolving ridges much stronger. 

Formation and locality.-Vanuxemia bed of the Stones River group, Minneapolis, Minnesota, Janes
ville and Beloit, Wisconsin, and Dixon, Illinois; also at Lebanon, Tennessee. 

Colleetiolls.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Registel', Nos. 7292, 7309. 

CONRADELLA GRANDIS, n. sp. (Ulrich.) 

PLATE LXII, FIG. 67; PLATE LXVII, FIGS. 16-18. 

This species is closely related to C. triangularis but reaches a much greater size, 

the greatest diameter of one of the specimens being fully 30 mm. Then the trans

verse section of the whorls, which also increase more rapidly in size, is a little 

different, the dorsal slopes being more convex, the sides less angular, and the 
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CONRADELLA TRIANGULARIS, n. Sp. 

PLA TE LX VII, FIGS. 19-22. 

Shell usually from 15 to 18 mm. in diameter, compressed discoid, consisting of 

about three volutions; whorls carinate, slightly higher than wide, triangular

obcordate in section, gently convex on the sides, widest and angular below where 

the surface sinks abruptly into the umbilicus. Surface very rough, the zigzag or 

serrated lamellal crossing the whorls almost directly, from 0.5 to 1 mm. apart., each 

with eight or nine folds between the dorsal keel and the edge of the umbilicus; at 

the latter the lamellal generally turn somewhat abruptly forward. Usually the 

folds are arranged so as to present obscurely the appearances of revolving ridges. 

At other times they may alternate in adjacent series. The angularity of the ventral 

part of the sides of the volutions varies somewhat., the margin of the umbilicus 

being in many cases very sharp, while in others it would be more truly described 

as abruptly rounded. In casts of the interior, of course, the angle is never so distinct 

as in the shell itself. 

Most collectors of northwestern fossils have identified this species with the 

New York Trenton C. compressa Conra.d, sp. They are, however, quite distinct, the 

whorls in the New York shell being wider and more uniformly convex on the sides, 

the umbilicus not at all sharply defined, and the transverse imbrications more 

distant. Compared with all the known species of the genus, excepting the next, 

which see, none seems to us so near as C. dyeri Hall sp., a variety of which occurs in 

the Trenton of Minnesota. Still, C. triangularis is distinguished readily enough 

from that species, as well as from all the others, by the more distinctly angular 

character of the umbilical edge. Besides C. dyeri is a smaller shell, with rounder 

volutions, and more sharply raised keel, while the transverse imbrications are more 

crowded and the appearance of revolving ridges much stronger. 

Formation and locality.-Vanuxemia bed of the Stones River group, MinneapoliS, Minnesota, Janes
ville and Beloit, Wisconsin, and Dixon, Illinois; also at Lebanon, Tennessee. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, Nos. 7292, 7309. 

CONRADELLA GRANDIS, n. sp. (Ulrich.) 

PLATE LXII, FIG. 67; PLATE LXVII, FIGS. 16-18. 

This species is closely related to C. trianqularis but reaches a much greater size, 

the greatest diameter of one of the specimens being fully 30 mm. Then the trans

verse section of the whorls, which also increase more rapidly in size, is a little 

different, the dorsal slopes being more convex, the sides less angular, and the 
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transverse diameter relatively greater, the latter exceeding the vertical diameter by 

one-sixth, whereas the two dimensions are equal, or the hight the greater, in C. 

triangularis. Furthermore, the folds of the surface imbrications are fewer in 

number, there being only five or six on each of the dorsal slopes to eight or nine in 

that species. Then the revolving ridges are more distinct., and the keel is more 

abrupt, especially on interior casts of C. grandis, the latter exhibiting distinctly 

a broad furrow on each side of the keel. The slit extends quite half around the 

last whorl. 

Formation and locality.-" Glade limestone" of the Stonps River group, Lebanon, Tennessee, where 
the types (three specimens) were collected by Prof. J. M. Safford, and sent to one of the authors for 
description. 

CONRADELLA DYERI Hall. 

PLi\TE LXVII, FIGS. 30-33. 

Cyrtolites c1yeri HALL, 1871, Advance sheets, 24th Rept. Regents N. Y. St. Cab., and reissue of same. 
1872, p. 230, pI. VIII, figs. 7, 8. MEEK, 1873, Pal. Ohio, vol. i. p. 149, pI. xm, 
figs. 2a, b, c, (not 2d and e, these representing O. elegans Miller). MILLE[t., 
1874, Cincinnati Quart. Jour. ScL, vol. i. p. 309. 

Shell small, 10 to 13 mm. in diameter, laterally compressed, consisting of two 

and a half or three volutions, the outer embracing the next within for about one

third of its hight. Whorls cordiform in section, broadest and sharply rounded 

below. sharply and abruptly carinate dorsally, rounded on the sides the curvature 

increasing downward from the keel; hight and width of volutions, including the 

carina, about equal, or the former slightly the greater. Umbilicus about equalling 

the dorso-ventral diameter of the last turn at the aperture. Surface marked by 

numerous closely and regularly arranged transverse lamelhB, the raised edges of which 

are curved abruptly backward at regular intervals and have a general retral direction 

from the umbilicus to the keel. The recurved intervals being more prominent than 

the longer straight portions, and occurring at regular intervals, they cause the 

surface to appear as having revolving ribs. On the ventral half of the volutions the 

lower sides of the loops sometimes coalesce and form really continuous revolving 

lines. Ten of the loops on each side is the usual number for the last whorl, but two 

extra ones are sometimes distinguishable near the aperture of larger examples. Of 

the transverse lamellm the average number on the back of the last volution in 2 

mm. is seven or eight. The keel is prominent, rounded on the summit, and, so far 

as observed, without a trace of lunulm, although some of the specimens before us 

are in a beautiful state of preservation. The slit has the usual length (i. e., nearly 

a half volution). 
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transverse diameter relatively greater, the latter exceeding the vertical diameter by 

one-sixth, whereas the two dimensions are equal, or the hight the greater, in C. 

triangularis. Furthermore, the folds of the surface imbrications are fewer in 

number, there being only five or six on each of the dorsal slopes to eight or nine in 

that species. Then the revolving ridges are more distinct., and the keel is more 

abrupt, especially on interior casts of C. gmndis, the latter exhibiting distinctly 

a broad furrow on each side of the keel. The slit extends quite half around the 
last whorl. 

Formation and locality.-" Glade limestone" of the Stone's River group, Lebanon, Tennessee, where 
the tv pes (three speCimens) were cullected by Prof. J. M. Saffurd, and sent to one of the authors for 
description. 

CONRADELLA DYERI Hall. 

PLA.TE LXVII. FIGS. 30-33. 

Cyrtolites c1yeri HALL, 1871, Advance sheets, 24th Rept. Regents N. Y. St. Cab., and reiSSUe of same. 
1872, p. 230, pl. VIII, tlgs. 7, 8. MEEK, 1873, Pal. Ohio, vol. i. p. 149, pI. XlII, 

figs. 2a, b, c, (not 2d and e, these representing C. elcguns Miller). MILLEn, 
1874, Cincinnati Quart. Jour. ScL, vol. i. p. 309. 

Shell small, 10 to 13 mm. in diameter, laterally compressed, consisting of two 

and a half or three volutions, the outer embracing the next within for about one

third of its hight. Whorls cordiform in section, broadest and sharply rounded 

below, sharply and abruptly carinate dorsally, rounded on the ~ides the curvature 

increasing downward from the keel; hight and width of volutions, including the 

carina, about equal, or the former slightly the greater. Umbilicus about equalling 

the dorso-ventral diameter of the last turn at the aperture. Surface marked by 

numerous closely and regularly arranged transverse lamelhB, the raised edges of which 

are curved abruptly backward at regular intervals and have a general retral direction 

from the umbilicus to the keel. The recurved intervals being more prominent than 

the longer straight portions, and occurring at regular intervals, they cause the 

surface to appear as having revolving ribs. On the ventral half of the volutions the 

lower sides of the loops sometimes coalesce and form really continuous revolving 

lines. Ten of the loops on each side i~ the usual number for the last whorl, but two 

extra ones are sometimes distinguishable near the aperture of larger examples. Of 

the transverse lamellCB the average number on the back of the last volution in 2 

mm. is seven or eight. The keel is prominent, rounded on the summit, and, so far 

as observed, without a trace of lunulCB, although some of the specimens before us 

are in a beautiful state of preservation. The slit has the usual length (i. e., nearly 

a half volution). 



910 THE PALEONTOLOGY OF MINNESOTA. 
l Conrad ella bellula. 

We have two specimens of a variety or a closely related species from the Tren
ton of Minnesota which we propose provisionally to designate as 

Variety CELLULOSA, n. var. 

PLATE LXVII, FIGS. 27-29. 

They are both only about 9 mm. in diameter, and differ from the typical form of 

the species in having much less of a keel and in the peculiar modification of the 

surface markings. The lamellffi, namely, generally unite with each other in such a 

manner that a cellular rather than striated surface results. When slightly weathered 

the connected sides of the successive loops may appear like delicate longitudinal plates. 

It seems to be a rule that the loops are oblique and joined to each other only on one 

side, the other being open. Again it may appear that the longitudinal line is 

independent and runs directly through the loops. The transverse lamelloo are 

unusually crowded, the average on the last volution being from eight to ten in 

2mm. 
The surface markings of C. dyeri have never been correctly illustrated. On the 

accompanying plateR we show that the "revolving ridges" are as a rule not ridges 

at ali, but only an appearance due to the elevation and longitudinal arrangement 

of the closely following loops of the transverse lamellffi. When continuous revolving 

lines are formed it is only through coalescence of one or both sides of the loops of 

succeeding lamelloo. 

Compared with the preceding species C. dyeri is distinguished at once by its 

smaller size and unusually crowded surface markings. 

Formation and locality.-The typical form occurs in the Richmond group at Richmond and Versailles, 
Indiana; Oxford, Clarksville, Freeport and Waynesville, Ohio; near Maysville, Kent;ucky, and Spring 
Valley, Minnesota. Variety cellulosa was found in the Clitambonites bed of the Trenton group at St. 
Paul and Cannon Falls, Minnesota. 

Collection.-E. O. Ulrich. 

CONRADELLA BELLULA, n. sp. (Ulr1·ch.) 

PLATE LXVII. FIGS. 23-26. 

This species in most respects occupies an intermediate position between C. dyeri 
Hall and C. elegans Miller. From the former it is distinguished by its lesser 

thickness (compare figures 24 and 31 on plate LXVII) less crowded lamelloo, and by 

having numerous well marked lunuloo on the slit-band. From C. elegans it differs in 

having more slender whorls and less coarsely marked surface. 
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GASTROPODA. 911 
(Jonradella elegalls.] 

The specimen figured seems to be complete. If this is the case, then we have 

another feature in which C. bellula differs from both of the species with which we 

have compared it. Namely, a slit extending only about a fourth, instead of half 

around the circumference of the last turn. 

Formation and locality.-Lower half of the Loraine group, Covington, Kcntucky. 

Collection.-E. O. Ulrich. 

CONRADEI,LA ELEGANS Miller. 

PLATE LXVII, FIGS. 1~-t5. 

Cyrtolites dyeri (part.), MEEK, 1873, Pal. Ohio, vol. i, p. 149, plate XIII, figs. 2d, 2e. 
Cyrtolites elegans, MILLER, 1874, Cincinnati Quart. Jour. SeL, vol. i, p. 310. 

This species is closely related to and about of the same size as C. dyeri Hall, 

but we cannot say that we ever found it difficult to distinguii:lh. In the fir.:lt place 

the transverse lamellrn are less crowded-sometimes they are more than twice as 

far apart as in that species; next the undulations or loops of eltch are not so deep 

and fewer, there being only five or six to a side as against ten in C. dyerij then it is 

only in rare instances that even the most obscure appearance of revolving ridges is 

observable; finally, the whorls are a trifle higher, while the slit-band bears distinct 

and closely arranged lunulrn. The last is probably to be regarded as the mo:"t 

important of the differences mentioned. The C. tr-iangularis of the Stones River 

group, though of a similar type, is readily distinguished by its larger size, rougher 

surface, oftener and more deeply undulated lamellrn, and angular umbilical edges. 

C. gmndis is perhaps nearer than any other, but it grows so much larger that there 

is little danger of confusion between them. For comparisons with C. bellula see 

that description. 

Formation and locality.-As yet this pretty shell iR known only from the shaly limestones of the 
Loraine group, at Cincinnati, Ohio and localities in the immediate vicinity of that city. 

Collection.-E. O. Ulrich. 

CONRADELLA IMBRICATA .. ,If{:eelc and Worthen. 

PLATE LXVII, FIG. 11. 

Cyrtolites imbricatus MEEK and WOHTllEN, 1868, Geol. Burv. Ill., vol. iii, p. 340, pI. IV, fig. 12. 

A good figure of this species has not yet been published, and as it is an 

interesting form and one that may be expected to occur in Minnesota, we have 

decided to illustrate a specimen that a careful comparison with the original type 

proves to belong to the same species. This specimen is from the same locality as 

the tYpe and differs from it only in being smaller. The greatest diameter of the 

. type is about 22 mm.; in our specimen 15.5 mm. 
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CONRADELLA IMBRICATA .Zlfeelc and Worthen. 
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interesting form and one that may be expected to occur in Minnesota, we have 

decided to illustrate a specimen that a careful comparison with the original type 

proves to belong to the same species. This specimen is from the same locality as 

the type and differs from it only in being smaller. The greatest diameter of the 

. type is about 22 mm.; in our specimen 15.5 mm. 
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lOxydtsous. 

The chief peculiarity of C. imbricata lies in the fact that the sides of the whorls 

are the most prominent and somewhat angularly bent just beneath the middle and 

flattened in the umbilicus, giving a subrhomboidal or Cyrtolites-like transverse 

section instead of the rounded or cordiform section prevailing among the other 

species of the genus. In all other respects the species agrees very well with C. 

triangularis U. & S. and C. elegans Miller. Still, the transverse lamellre are more 

irregularly undulating and wider apart than in either of those forms. 

Meek and Worthen make a statement to which we must object. Namely, that 

the inner volutions are "nearly half embraced by the last turn." This is true of 

only the anterior part of the last volution of their type, and we are inclined to 

believe that it is due to oblique pressure to which the specimen has been subjected. 

On the rest of the type, as in the whole of the specimen now illustrated, the 

embracing extends only to the base of the carina. 

Formation and locality.-In strata regarded as belonging to the Trenton group, Alexander county, 
Illinois. The same layers contain Rhynchotremc! illwquivalvis Oastelnau (E. incl'ebescens Hall) and Nemato· 
pora delicatula Ulrich. 

Collections.-Illinois State Museum; E O. Ulrich. 

Genus OXYDISCUS, Koken. 

Bellerophon, CYj·tolites, POl'cellia and Euomphalus (part.) of authors. 
1lt'opidodiscus of MEEK, 1866, and WAAGEN, 1880, not Steininger, 1855. 
Oxydisclts, KOKEN, 1889, N. Jahrb. f. Mineralogie, etc., BeiJageband vi, p. 390. 

For generic characters !:iee page 852. 

This group recommends itself to us as not only a convenient but a natural 

generic division of the Bellerophontacea. Sowerby, Billings and Conrad placed three 

of the species under Bellerophon, from which they are distinguished by their lenticular 

form, compressed and sharply carinate volutions, scarcely, if at all, expanded 

aperture, and by their thin lips and the total absence of any callosity. Lindstrom 

and Miller placed four of the species with Cyrtolites, a genus that is widely different 

in all respects excepting the general form. As to Porcellia, Koken has shown, and 

we can bear evidence for the general correctness of his observations, that that 

genus represents a totally different type of structure: Finally, the reference of two 

of the species to Euomphalus rests probably upon nothing more than an error of 

observation and judgment. 

Koken excludes all those species from the genus in which even a suspicion of a 

slit-band occurs. This we think is drawing the line too close and somewhat incon

sequent. He admits into Bellerophon (sens. strict.) species in which the slit-band is 

represented by a single keel only. And he is probably correct in this, since in not 

only closely rela.ted species but in one and the same species (e. g., B. troosti Safford) 

a true slit-bwd fily 030ur o}clsionally, while the usual form has merely a keel. 
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GASTROPODA. 913 
Oxydlsous subacutus.l 

Besides the species listed on page 852 there are three more American, or rather 

Canadian, species that may belong to Oxydiscus. These were described by Billings 

as Bellerophon macer, B. palinurus, and B. argo, the first from the Calciferous forma

tion, the second from the Quebec group, the third from the Black River group. Of 

the three forms, the first is the most likely to belong here, but in the absence of 

any positive knowledge respecting their essential generic features, it is best to leave 

them provisionally where they are placed by Mr. Billings. 

Respecting the systematic positiou of Oxydiscus, we are somewhat in doubt. 

The absence of any sort of revolving lines is against the inclusion of the genus with 

the BucaniidlP. On the other hand such a position is strongly indicated by the 

absence of labial callosities and more particularly by the large umbilicus and long 

apertural slit. The latter occurs most certainly in the Lower Silurian species next 

described, and as these species agree verly closely in all respects with the Upper 

Silurian and Devonian types of the genus, we have assumed that the slit is one of 

the prime characteristics of the genus. Now, if this view proves to be correct we 

cannot be far wrong in placing Oxydiscus in the immediate vicinity of Conradel!a. 

The only difference of any consequence between these genera are that, while the 

surface of the volutions of the latter are crossed by imbricating, wavy Iamellrn, 

which are not turned backward on the dorsum to form an angular sinus where they 

meet at the keel, the whorls of the former are crossed simply by fine lines of growth, 

turning backward very strongly in nearing the dorsal keel, their junction here 

indicating a narrow, V-shaped excision in the outer lip. 

OXYDISOUS SUBAOUTUS, n. sp. (Ulrich.) 

PLATE LXII, FIGS. 62-65; PLATE LXXXII, FlGS. ~3-25. 

Shell lenticular; dorsum acutely carinated; greatest diameter from 15 mm. to 

28 mm.; greatest thickness or width nearly one-half the diameter. Volutions three 

and one-half to four and one-half, thickest near the umbilicus, from which the 

surface ascends first with a gently convex, then with a concave slope to the sharp 

peripheu: each volution embracing between one-third and one-haH of the 

preceding one; umbilicus exposing all the whorls; its width somewhat less than 

one-third of the diameter of the shell; edge of umbilicus abrupt., subanguIar; 

aperture obcordate, indented below by the sharp dorsum of the preceding whorl; 

margin of aperture thin, in a side view with a strong backward sweep; slit long, 

very narrow. Surface marked by fine and rather indistinct lines of growth. 

This species agrees perhaps as well as any with the Devonian types of the 

genus. Of Silurian forms only O. cristatus Safford and O. disculus Billings need be 
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compared. The Candian species will be found to be more compressed, and to have 

the edge of the umbilicus less abrupt. For comparisons with Safford's species see 

next description. 

Formation ancl locality.-Upper beds of the Trenton group near Danville, Kentucky, where more 
than twenty specimens were obtained. We have reason to believe that the same species occurs also 
in Tennessee and in the Fusispira bed in Minnesota. 

Oollection.-E. O. Ulrich. 

OXYDISCUS CRISTATUS Safford. 

PLATE LXXXII, FIGS. 26-28. 

OY1·tolites cristatus SAFFOIW, 1869, Geol. of Tenn., p. 2fl9. 

Through the kindness of Prof. J. M. Safford we have before us the types of his 

Cyrtolites cristatus. These show conclusively that the species is an Oxydiscus, closely 

related to O. subacutus Ulrich, yet not strictly identical. The Tennessee species is 

uniformly larger, the greatest diameter in four specimens varying between 30 and 

38 mm. More important differeuces are (1) that the whorls are one less)n number 

in mature examples, (2) that they increase more rapidly in size, (3) that they 

embrace each other in a lesser degree, the amount being in no case more than a 

sixth of the hight of a whorl, while the last may become entirely free, without, 

however, any appreciable diminution in the depth of the sharp furrow, which, 

farther inward, receives the keel of the preceding whorl. In consequence of the 

peculiarities mentioned, the umbilicus is relatively somewhat larger. Finally, the 

shell substance is comparatively thicker on the ventral side, and the keel more 

distinct than in the Kentucky species. Taken all in all, we do not see how we can 

do otherwise than regard O. subacutus as distinct from O. cristatus. 

Fomwtion anil locality.-FroIIl Safford's "Middle Nashville," which we regard as representing an 
upper member of the Trenton group, at Nashviile and in Jackson county, Tennessee. 

OollectiOlls.-J. M. Safford; E. O. Ulrich. 

Genus BELLEROPHON, Montfort. 

BellerophOH, MONTFORT, 1808, CODchiliologie Systematique, vol. i, p. 51. WAAGEN, 1880, l!al. Indica, 
ser. IH, pt. 2, pp. 130 and 133. 

Bellel'ophon (part.), HALL, LINDSTROM, and most authors prior to 1880. 
Wcwgenia, de Koninck, 1882, Ann. Soc. Geol. de Belgique, p. 14. 
TYaageniella, BAYLE, 1883. Proposed instead of WAAGENIA which was preoccupied. 

For generic characters and list of species see page 853. 

Adopting this genus in the restricted sense proposed by Waagen, we have an 

easily recognized and still large group of Paleozoic shells. The numerous species 

are of a remarkably uniform type, distinguished at once from Protowarthia by its 

slit-band and different apertural emargination; from Bucania and allied genera by 
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For generic characters and list of species see page 853. 

Adopting this genus in the restricted sense proposed by Waagen, we have an 

easily recognized and still large group of Paleozoic shells. The numerous species 

are of a remarkably uniform type, distinguished at once from Protowarthia by its 

slit-band and different apertural emargination; from Bucania and allied genera by 
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the total absence of revolving surface lines. Within its own family, the 

BeUerophonUdce, Bellerophon has not the revolving sculpture of Bucanopsis, nor the 

extremely expanded aperture of Patellostium, nor the revolving folds of the inner 

lip which characterize Euphemus, while neither Mogulia nor Warthia have a distinct 

slit-band. 

The principal distinctive features of the genus are: (1) the absence of all kinds 

of sculpture save the more or less strongly developed lines of growth, (2) the small 

or entirely closed umbilicus, (3) the moderate expansion of the aperture, (4) a more 

or less strong callosity on the inner lip, and (5) a well developed, generally raised, 

slit-band terminating anteriorly in a short median emargination or slit in the outer 

lip. 
The genus might be divided into several subordinate groups none of them, 

however, seeming of more than doubtful utility. One, Wa agen ella, including a few 

Carboniferous species, is distinguished by a definite callosity in the umbilical region. 

Regarding the Bellerophon contortus group of Koken, we have already distinguished 

it as a separate genus under the new name Iffegalomphala (see p. 850), this type 

belonging in our opinion to the Bucaniidce rather than the Bellerophontidce. 

Ten of the fifteen American Lower Silurian species retained as true bellerophons 

are figured and described in this report, giving a very good idea of the genus as 

represented in this part of the Paleozoic rocks. :Most of them are described for the 

first time and all are more or less closely and obviously related. 

BELLEROPHON TROOSTI (D'Orbigny) Safford. 

PLA TE LXIV. FIGS. 1-fl, 

Bellerophon troosti D'ORBIGNY, 1840, Cephalopoda, p. 206; as figured by Safford, 1869, GeoI. of Tenn., 
pI. G, figs. 4a-4d. 

Shell beneath the medium size, rarely exceeding 17 mm. in diameter; somewhat 

transverse, the width of the aperture being greater than the hight; whorls rather 

broad, inflated, though somewhat depressed on each side of the prominent dorsal 

carina; on the sides they are strongly convex, rounding into the small but deep and 

constantly developed umbilicus. In the adult shell the carina is rounded, but in 

young specimens the summit is flat or slightly excavated, forming a distinct slit

band on which lunu]ffi are either not preserved or were originally very faint. Aper

ture greatly expanded laterally, outer lip sharp and thin, with a deep and rather 

narrow subrectangular central emargination; inner lip thickened and much 

expanded laterally and horizontally, the inner edge forming a thick low biconcave 

ridge with a rounded central prominence; the latter constricted within the mouth 

and continuing inwardly as a distinct ridge; latero-ventral angles turned backward, 

GASTROPODA. ~Jl5 
Bellerophon troosti.l 

the total absence of revolving surface lines. Within its own family, the 

BellerophonUdce, Bellerophon has not the revolving sculpture of Bucanopsis, nor the 

extremely expanded aperture of Patellostiwn, nor the revol ving folds of the inner 

lip which characterize Euphemus, while neither Mogulia nor Warthia have a distinct 

slit-band. 

The principal distinctive features of the genus are: (1) the ahsence of all kinds 

of sculpture save the more or less strongly developed lines of growth, (2) the small 

or entirely closed umbilicus, (3) the moderate expansion of the aperture, (4) a more 

or less strong callosity on the inner lip, and (5) a well developed, generally raised, 

slit-band terminating anteriorly in a short median emargination or slit in the outer 

lip. 

The genus might be divided into several subordinate groups none of them, 

however, seeming of more than doubtful utility. One, Waagenella, including a few 

Carboniferous species, is distinguished by a definite callosity in the umbilical region. 

Regarding the Bellerophon contortus group of Koken, we have already distinguished 

it as a separate genus under the new name Megalomphala (see p. 850), this type 

belonging in our opinion to the Bucaniidce rather than the Bellerophontid(e. 

Ten of the fifteen American Lower Silurian species retained as true bellerophons 

are figured and described in this report, giving a very good idea of the genus as 

represented in this part of the Paleozoic rocks. .Most of them are described for the 

first time and all are more or less closely and obviously related. 

BELLEROPHON TROOSTI (D'Orbigny) So.lford. 

PLATE LXIV, FIGS. 1-0. 

Bellerophon troosti D'ORBlGNY, 1840, Oephalopoda, p. 206; as figured by Safford, 1869, Geol. of Tenn., 
pI. G, figs. 4u-4d. 

Shell beneath the medium size, rarely exceeding 17 mm. in diameter; somewhat 

transverse, the width of the aperture being greater than the hight; whorls rather 

broad, inflated, though somewhat depressed on each side of the prominent dorsal 

carina; on the sides they are strongly convex, rounding into the small but deep and 

constantly developed umbilicus. In the adult shell the carina is rounded, but in 

young specimens the summit is flat or slightly excavated, forming a distinct slit

band on which lunuhB are either not preserved or were originally very faint. Aper

ture greatly expanded laterally, outer lip sharp and thin, with a deep and rather 

narrow subrectangular central emargination; inner lip thickened and much 

expanded laterally and horizontally, the inner edge forming a thick low biconcave 

ridge with a rounded central prominence; the latter constricted within the mouth 

and continuing inwardly as a distinct ridge; latero-ventral angles turned backward, 
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in some cases partly overhanging the umbilicus. Surface marked by growth lines 

only. They are more or less distinct, though on the whole fine. They are also some

what irregular, being generally arranged in bundles, which, especially near the aper

ture of adult shells, may produce obscure undulations of the surface. The course 

of the strirn from the umbilicus to the dorsal carina is very little curved and nearly 

at right angles with the carina. However, just before joining the latter, they bend 

sharply backward. Hight of one of the largest of the Kentucky specimens 16 mm.; 

greatest width of the aperture 19 mm.; width of whorl just in front of edge of inner 

lip 7 mm. In Tennessee the species often attains a hight of 20 mm. 

We have before us an excellent series of silicified shells of this species and can 

testify to the unusual constancy of its specific characters. Considering this persist

ence we might be justified in separating the following form as a distinct species, but 

after considerable reflection we have concluded that such a course would not now 

be warranted. We propose then that it be known as 

Variety BURGINENSIS, n. val'. (Ulrich.) 

PLATE LXIV, FIG. 6. 

This va~'iety grew to be a litttle larger than the typical form (22 mm. in hight), 

has a proportionally less expanded mouth (the greatest diameter of the shell is 

about the same as the width of the aperture), more slowly enlarging volutions, and 

a larger umbilicus. On the best specimen the dorsal carina besides has the 

characters of a true slit-band and near the aperture it exhibits distinct lunulrn. 

B. troosti is one of a number of closely related Lower Silurian species. The 

group is well represented in the Trenton of Minnesota, but that B. troosti itself 

occurs here is as yet very doubtful. B. similis is very much like it, and before we 

found specimens showing the mouth and lines of growth, we unhesitatingly referred 

the cas ts of the interior to this species. Still, it is possible that B. troosti is really 

represented among the casts now assigned to B. similis. 

Formalion alld loculity.-The typical form is not uncommon in the Trenton group at Nashville and 
Hartsville, Tennessee, and Dan vilie, Ifrankfort and other localities in central Kentucky. Var. bU1'ginelisis 
occurs wilh the typical form near Durgin and Danville, Kentncl{y. The species is limited to a vertical 
range ot a few feet in the upper half of the group. 

Collccliolls.-Prof. J. M. Safford; E. O. Ulrich. 

BELLEROPHON CLAUSUS, n. Sp. (Ulrich.) 

PLA'l'E LXIV, FIGS. 7-10. 

In the general form of the shell and the course of the lines of growth, this 

species resembles B. troosti .very closely. Carefully compared we find that the new 

species ditlers in several important respects. First the umbilicus is entirely close~, 
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in some cases partly overhanging the umbilicus. Surface marked by growth lines 

only. They are more or less distinct, though on the whole fine. They are also some

what irregular, being generally arranged in bundles, which, especially near the aper

ture of adult shells, may produce obscure undulations of the surface. The course 

of the striffi from the umbilicus to the dorsal carina is very little curved and nearly 

at right angles with the carina. However, just before joining the latter, they bend 

sharply backward. Hight of one of the largest of the Kentucky specimens 16 mm.; 

greatest width of the aperture 19 mm.; width of whorl just in front of edge of inner 

lip 7 mm. In Tennessee the species often attains a hight of 20 mm. 

We have before us an excellent series of silicified shells of this species and can 

testify to the unusual constancy of it.s specific characters. Considering this persist

ence we might be justified in separating the following form as a distinct species, but 

after considerable reflection we have concluded that such a course would not now 

be warranted. We propose then that it be known as 

Variety BlTJWINENSI8, n. val'. (Ulr£ch.) 

PLATE Lxrv, F'rG. G. 

This variety grew to be a litttle larger than the typical form (22 mm. in hight), 

has a proportionally less expanded mouth (the greatest diameter of the shell is 

about the same as the width of the aperture), more slowly enlarging volutions, and 

a larger umbilicus. On the best specimen the dorsal carina besides has the 

characters of a true slit-band and near the aperture it exhibits distinct lunulffi. 

B. troosti is one of a number of closely related Lower Silurian species. The 

group is well represented in the Trenton of Minnesota, but that B. troosti itself 

occurs here is as yet very doubtful. B. similis is very much like it, and before we 

found specimens showing the mouth and lines of growth, we unheSItatingly referred 

the casts of the interior to this species. Still, it is possible that B. troosti is really 

represented among the casts now assigned to B. similis. 

Forma/ion and lo('(tlit!!.~The typical form is not uncommon in the Trenton group at Nashville aod 
Hartsville, T~[]ocssee, and Danvilk, l"raokfort and other localities in central Kentucky. Var. bU1'gil1ensis 
O(;curs with the typical form neal' Durgin and DanVille, Kentucl(y. The species is limited to a vertical 
range ot a few feet in the upper half of the group. 

C'ollcclions.-I'roL.J. lI'I. RaffOI'd; E. O. Ulrich. 

BELLEROPHON CLAUSUS, n. sp. (Ulrich.) 

PLATE LXIV, FIGS. 7-10. 

] n the general form of the shell and the course of the lines of growth, this 

species resembles B. troostivery closely. Carefully compared we find that the new 

species ditfers in several important respects. First the umbilicus is entirely closed, 
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next the lines of growth are more regular and sharper, then the slit-band is 1110re 

truly a band though on the whole less prominent, while the luuulrn are sharply 

defined. Finally, the' inner lip is scarcely as broad though its inner margin is 

heavier, while the prominence of the central boss is emphasized by a deep and large 

depression on each side of it. We know of no other species with which B. clausus 

need be compared, excepting bvo or three of those next described. 

F01'mation rozcl ZowZity.-TrentoTl group, Frankfort, Kentucky, ancl near Nashville, Tenness"f!. 

Collectioll.-E. O. Ulrich. 

n]BLLEROl'HO~ BILINEATTH, iI. sp. (Ulri('lt.) 

Very much like B. tro08ti, only smaller, n'llTower a~ross the aperturE', with fine 

and sharper, as well as more regular, lines of growth, and much less prominent 

slit-band. The latter is concave, lies between two sharp lines and is crossed by 

rather distinct lunulrn. The posterior curve of the lines of growth on the dorsum 

also is broader, while the inner portion of the lower lip is much less thickened. The 

last difference is even more conspicuous when we compare the species with B. clausus, 

and this, coupled with the fctCt that the umbilicus is closed in that species and 

rather large in B. bilineatus, renders confusion with that form quite improbable. 

Formation ctJ1cZ ZocaZity.-Upper pnrtinn of the Trenton group, near Danville, Kentucky. 

Collection.-E. O. Ul rich. 

BELLE ROPHO~ SUBGLOBULUS. 1/.. sJl. (Ulrich.) 

PLATE LXI\'. rIGs. 17 and 18. 

This also resembles B. troosti very closely, but good testiferous examples may he 

distinguished without ·much trouble. The surface strim, though their direction 

with respect to the dorsal keel is nearly the same as in B. tJ'oosti (the retral curve 

on the back is somewhat wider), are more regular, sharper and threac1-like. Com

paring other characters it is found that the volutions are more ventricose and more 

uniformly rounded, causing the shell as a whole to he more globular, the keel 

is less prominent and thinner, the aperture is more rounded and lebs 

expanded transversely, and the callosity of the inner lip not so great-probably 

much less. (In all of our specimens of this species the mouth is obscured by an 

incrustation of siliceous material so that we cannot tell exactly about the callosity 

of the inner lip.) B. subglobulus is distinguished from B. clausus by similar 

differences, while the presence of a small umbilicus adds another, the umbilicus 

being closed in that species. In B. bilinealus the umbilicus is larger and the slit-kmd 

concave instead of rounded. 
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next the lines of growth are more regular and sharper, then the slit-band is more 

truly a band though on the whole less prominent, while the luuullB are sharply 

defined. Finally, the inner lip is scarcely as broad though its inner margin is 

heavier, while the prominence of the central bo.ss is emphasized by a deep and large 

depression on each side of it. We know of no other species with which B. clausus 

need be compared, excepting two or three of those next described. 

Fonnation aml lowlity.-Trentun g\'(Jup, Frankfort, Kentucky, amI near Nash\'ilIp, Tennt'SSf'(!. 

Collectioll.-E. O. Ulrich. 

IhLLEIWI'Ho:--r BILI.'l"EATIH, iI. sp. (ULri('/t.) 

Very much like B. troosti, oDly smaller, n'llTower ar,ross the aperturE', with fine 

and sharper, as wen as more regular, lines of growth, and much less promineDt 

slit-band. The latter is concave, lies between two sharp lines and is crossed by 

rather distinct lunullB. The posterior curve of the lines of growth on the dorsum 

also is broader, while the inner portion of the lower lip is much less thickened. The 

last difference is even more conspicuous when we compare the species with B. clausus, 

and this, coupled with the fctct that the umbilicus is closed in that species aDd 

rather large in B. bilineatus, renders confusion with that form quite improbable. 

Formation (m(l localify.-Upper portion of the Trenton group, near DanVille, Kentucky. 

Collection.-E. O. Ulrich. 

BELLEfWPHO:--r SUBGLOBULVS. n. SI). (Ulrich.) 

PLA TE LXIV. [CWS. 17 atll] JR. 

This also resembles B. troosli very closely, but good testiferous examples may he 

distinguished without much trouble. The surface stritr, though their direction 

with respect to the dorsal keel is nearly the same as in B. tl'oosti (the reb-al curve 

on the back is somewhat wider), are more regular, s}w,rper and threall-like. Com

paring other characters it is found that the vulutions are more ventricose and more 

uniformly rounded, causing the shell as a whole to be more globular, the keel 

is less prominent and thinner, the aperture is more rounded anel less 

expanded transversely, and the callosity of the inner lip not so great-probably 

much less. (In all of our specimens of this species the mouth is obscured by an 

incrustation of siliceous material so that we cannot tell exactly about the callosity 

of the inner lip.) B. subglobulus is distinguished from B. clausus by simila,r 

differences, while the presence of a small umbilicus adds another, the umbilicus 

being closed in that species. In B. bilinealus the umbilicus is larger and the slit-b:l.lld 

concave instead of rounded. 
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FaT/nation amI locality.-Black River limestone, Mercer county, Kentucky. 

Collection.-E. O. Ulrich. 

BELLEROPHON PLATYSTOMA Meek and Worthen. 

PLATE LXIV, FIGS. :12-30. 

LBellerophon platystorua. 

Bellerophon (Bucunial) platystmwt M. & w., 1868, Geol. Surv. Ill., vol. iii, p. 312, pl. Ill, figs. 8a, b. 

SheH exceeding medinm size for the genns, composed of about three volutions, 

which increase rather slowly in size nntil near the aperture where the last one is 

suddenly and greatly expanded laterally; whorls embracing very little, subtri

angular in cross-section, with the dorsum strongly carinate; surface descending on 

each side from the keel, first with a concave then a nearly flat slope, toward the 

edge of the umbilicus into which it turns very abruptly; umbilicus open, rather 

large, about one-fourth as wide as the greatest. diameter of the shell; aperture 

somewhat triangular-reniform, the hight a little greater than half the width, the 

width exceeding by nearly a fifth the greatest diameter of the shell; outer lip thin, 

broadly sinuate, the center of bottom of sinus prolonged into a narrow slit; inner lip 

apparently with but a very little developed callosity. Lines of growth sharp, rather 

regular, curving backward gently between the umbilicus and carina. The latter, on 

whieh we have not observed any well defined slit-band, is very prominent and 

almost sharp on casts of the exterior, but on casts of the interior it is not 

distinguishable from the general regularity of the dorsum. 

Weare quite confident of the specific identity of the Minnesota shells above 

described and the original types of B. platystorna, the latter having been examined 

by us. In Minnesota we have two varieties of the species, one, agreeing exactly 

with Meek and Worthen types, occurring in the Fusispira bed, the other, which is 

much smaller, its greatest diameter but rarely exceeding 20 mm., being a common 
fossil of the Clitambonites beel. 

B. platystoma is closely related to B. similis, but may be distinguished readily 

enough by the different transverse section of its volutions; this being subtriangular 

while in the new species it is semicircular rather than triangular. When, as is often 

the case, the expanded aperture is broken away, the remaining whorls of B. 

platystoma remind one greatly of Cry to lites. Similarly imperfect examples of B. 

similis, however, are scarcely distinguishable from B. troosti. N one of the other 

species known are closely related, nor have we experienced any difficulty in 
separating B. platystoma from them. 

Formation amI locctlity.-The original types are from the Trenton (Ga1ena) group at Galena and 
Dixon, Illinois. In Minnesota the small form is common in the Clitambonites bed at localities in Good
hue county, while the larger or typical form is not rare in the Fusispira bed at Kenyon, Holden P.O., 
Wykoff, Weishachs' dam, and other localites. 
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Fonnation rtJllI locality.-Black River limestone, Mercer county, Kentucky. 

Collection.-E. O. Ulrich. 

DELLEROPHON PLATYSTOMA Meek and Worthen. 

PLATE LXIV, FIGS. :12-30. 

LBelierophon platystoma. 

Bellerophon (Bucunia!) platystmwt M. & W., 1868, Geo\. Surv. Ill., vol. iii, p. 312, pI. III, figs. Sa, b. 

Shell exceeding medinm size for the genus, composed of about three volutions, 

which increase rather slowly in size until near the aperture where the last one is 

suddenly and greatly expanded laterally; whorls embracing very little, subtri

angular in cross-section, with the dorsum strongly carinate; surface descending on 

each side from the keel, first with a concave then a nearly flat slope, toward the 

edge of the umbilicus into which it turns very abruptly; umbilicus open, rather 

large, about one-fourth as wide as the greatest. diameter of the shell; aperture 

somewhat triangular-reniform, the hight a little greater than half the width, the 

width exceeding by nearly a fifth the greatest diameter of the shell; outer lip thin, 

broadly sinuate, the center of bottom of sinus prolonged into a narrow slit; inner lip 

apparently with but a very little developed callosity. Lines of growth sharp, rather 

regular, curving backward gently between the umbilicus and carina. The latter, on 

whieh we have not observed any well defined slit-band, is very prominent and 

almost sharp on casts of the exterior, but on casts of the interior it is not 

distinguishable from the general regularity of the dorsum. 

We are quite confident of the specific identity of the Minnesota shells above 

described and the original types of B. platystoma, the latter having been examined 

by us. In Minnesota we have two varieties of the species, one, agreeing exactly 

with Meek and Worthen types, occurring in the Fusispira bed, the other, which is 

much smaller, its greatest diameter but rarely exceeding 20 mm., being a common 
fossil of the Clitambonites bed. 

B. platystoma is closely related to B. similis, but may be distinguished readily 

enough by the different transverse section of its volutions; this being subtriangular 

while in the new species it is semicircular rather than triangular. When, as is often 

the case, the expanded aperture is broken away, the remaining whorls of B. 

platystoma remind one greatly of Cry to lites. Similarly imperfect examples of B. 

similis, however, are scarcely distinguishable from B. troosti. None of the other 

species known are closely related, nor have we experienced any difficulty in 
separating B. platystoma from them. 

Formation amI lowlity.-The original types are from the Trenton (Galena) group at GaJena and 
Dixon, Illinois. In Minnesota the small form is common in the Clitambonites bed at localities in Good
hue CO~lllty,. while the larger or tYfJi0al form is not rare in the Fusispira bed at Kenyon, Holden P.O., 
WykotI, Wels!>a0hs' darn, and other localites. 
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Bellerophon simllis.] 

Oollections.-Geological and Natural History Survey of Minnesota; W. H. Scofield; E. 0. U1rieh; Dr, 
O. H. Robbins. 

Museum Register, Nos. 6765, 7399,7449, 7463. 

BELLEROPHON SIMI LIS, n. sp, 

PLATE LXIV. FIGS, 31~a9, 

This species is represented by about thirty casts of the interior and exterior, 

showing a decided constancy in its specific peculiarities. The form of the carinated 

volutions, indeed the general aspect of the whole shell in its usual state of 

preservation, is so much as in B. troosti that at first sight it may eeem to be identical 

with that Kentucky and Tennessee species. A closer examination and better 

specimens, however, will soon prove them to be quite distinct. In the first place, 

the surface striations, instead of passing from each side almost straight across the 

back of the volutions to the carina, curve strongly backward, thereby forming a 

deep though wide-angled sinus in the outer lip. N ext the striffi .are coarser, 

sublamellose, more regular and not arranged in bundles as in B. troosti. Further, 

the keel grows more prominent toward the aperture and the umbilicus is larger, 

though this is probably due entirely to the lesser thickness of the test. Finally, the 

aperture is of a different shape, less expanded laterally and less contracted by the 

callosity of the inner lip. The callosity is much less and forms no transverse ridge 

at the inner part of the lip. 

B. similis occupies an intermediate position between B. troosti and B. platystoma 

Meek and Worthen, the section of the volutions being as in the former, while all 

the other characters are more nearly like those of the latter. With ordinary care 

good specimens of B. similis and B. platystoma are not difficult to separate. B. similis 

has more rapidly enlarging and relatively fuller volutions, the dorsal part of the 

transverse section, if we exclude the carina, being almost semicircular, while in 

B. platystoma the slope on each side of the prominent keel is decidedly flattened. 

This difference in the transverse sections of the whorls we have found to be very 

reliable and of itself sufficient for the separation of the two forms excepting in a 

few cases in which the specimens were either poorly preserved or badly crushed. 

It remains to be mentioned that several specimens show very faintly a number 

of wide revolving bands. Whether these are structural or merely accidental has not 

been determined. Possibly they indicate color bands. 

Formation and locality.-Clitambonites and Fusispira beds of the Trenton group, Wykotl', Kenyon, 
and various localities in Goodhue county, Minnesota. 

Oollections.-Geological and Natural History Survey of Minnesota; E. 0, Ulrich; W. H. Scofield. 

Museum Register, No. 8725. 

GASTROPODA. 
Bellerophon sim!l!s.] 

Collections.-Geological and Natural History Survey of Minnesota; W. H. Scofield; E. O. Ulrich; Dr. 
O. H. Robbins. 

Museum Register, Nos. 6765, 7399,7449, 7463. 

BELLEROPHON SIMI LIS, n. sp. 

PLATE LXIV. FIGS. 31-;]9. 

This species IS represented by about thirty casts of the interior and exterior, 

showing a decided constancy in its specific peculiarities. The form of the carinated 

volutions, indeed the general aspect of the whole shell in its usual state of 

preservation, is so much as in B. troosti that at first sight it may 8eem to be identical 

with that Kentucky and Tennessee species. A closer examination and better 

specimens, however, will soon prove them to be quite distinct. In the first place, 

the surface striations, instead of passing from each side almost straight across the 

back of the volutions to the carina, curve strongly backward, thereby forming a 

deep though wide-angled sinus in the outer lip. N ext the striffi .are coarser, 

sublamellose, more regular and not arranged in bundles as in B. troosti. Further, 

the keel grows more prominent toward the aperture and the umbilicus is larger, 

though this is probably due entirely to the lesser thickness of the test. Finally, the 

aperture is of a different shape, less expanded laterally and Jess contracted by the 

callosity of the inner lip. The callosity is much less and forms no trctnsverse ridge 

at the inner part of the lip. 

B. similis occupies an intermediate position between B. troosti and B. platystoma 

Meek and Worthen, the section of the voJutions being as in the former, whiJe all 

the other characters are more nearly like those of the latter. With ordinary care 

good specimens of B. similis and B. platystoma are not difficult to separate. B. simdis 

has more rapidly enlarging and relatively fuller volutions, the dorsal part of the 

transverse section, if we exclude the carina, being almost semicircular, whiJe in 

B. platystoma the slope on each side of the prominent keel is decidedly flattened. 

This difference in the transverse sections of the whorls we have found to be very 

reliable and of itself sufficient for the separation of the two forms excepting in a 

few cases in which the specimens were either poorly preserved or badly crushed. 

It remains to be mentioned that several specimens show very faintly a number 

of wide revolving bands. Whether these are structural or merely accidental has not 

been determined. Possibly they indicate color bands. 

Formation and loculity.-Clitambonites and Fusispira beds of the Trenton group, Wykoff, Kenyon, 
and various localities in Goodhue county, Minnesota. 

Collections.-Geological and Natural IIistory Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 8725. 
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BELLEROPHON RECURVUS, n. sp. (Ulrich.) 

PLATE LXIV. FIGS. 11-13. 

This species is c10sely related to and in some respects intermediate in position 

between B. clausus and B. similis. The lines of growth curve backward as in the 

latter, while the umbilicus is entirely closed as in the former. Compared with B. 
clausus we find that the lines of growth curve backward much more strongly in 

approaching the dorsal carina, and the outer lip consequently has a much deeper 

sinus, while the callosity of the inner lip is not so great. The aperture, as nearly 

as we can make it out., must be very much as in B. troosti (pI. LXIV, fig. 3), not so 

much expanded laterally perhaps. The absence of an umbilicus will distinguish 

the species at once from B. similis. N one of the other known Lower Silurian 

species of the genus are as closely related as the two with which we have compared 

B .. reCltrVllS. Further remarks are, therefore, unnecessary, particularly since it is our 

wish that the student should rely chiefly upon the illustrations in seeking to identify 

the species of this difficult group of fossils. 

Formation and locality.-So far known only from the Loraine group at Oincinnati, Ohio, where 
a few specimens were found ne::tr the tops of the hills. 

Cullec/ion. - E. O. Ulrich. 

BELLEROPHON SUBANGULARIS, n. sp. (Ulr·ich.) 

PLATE LXIV. FiGS. 14-16. 

Having no umbilicus, this species is related to B. clausus and B. reCU1'VUS, but it 

is distinguished at once from both by its subangular dorsum, and relatively narrower 

and somewhat triangular aperture. Its surface markings are rather distinct and 

regu1ar; on the dorsal slopes they sweep backward gently to the carina. 

FOl'1nation and locality.-Richmond group, Richmond, Indiana. 

Collee/jon.-E. O. Ulrich. 

BELI,EROPHON MOHRI 1lfiller. 

PLA TE LXIV. FIGS. 44 and 45. 

Shell large, last volution WIth the aperture abruptly and ~reatly expanded 

laterally; inner volutions of moderate size, appearing rather closely involute, having 

only a small umbilicus, with ),jhe slope on each side of the carinated dorsum slightly 

flattened; aperture somewhat semicircular in outline, much wider than high, its 

width comparing with the hight of the entire shell about as seven to ten; outer lip 

thin, the small V-shaped central emargination prolonged backward into a rather long 

narrow slit., which as growth continues forms the slit-band; inner lip thick, greatly 
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expanded, extending below almost to the periphery of the outer volution; concave 

on each side of the latter, the inner edge thick and with a rounded centra] swelling 

which continues inwardly as a rounded ridge; inner aperture subtriangular, the 

inner or lateral angles rather sbarp, tbe outer more obtuse. Surface marked by 

strong, regular, thread-like lines of growtb, of wbich, on an average specimen, 

twelve to fourteen occur in 5 mm. The course of the strim from the umbilicus to 

the slit-band is gently curved in the central balf, but more strongly at each end. 

Slit-band very rarely preserved; when perfect it surmounts a low ridge, is of 

moderate widtb, concave, bordered on each side by a thin sharp line, and covered 

by more or less unequal lunulm. In casts of the interior the umbilicus is much 

larger, sharply defined and very abrupt, the ventral side of the volutions appearing 

to be almost flat and the section of the outer one triangular. 

This fine species is related to B. platystoma and B. simi lis, but has a thicker shell 

than either of the Trenton species. This shows itself especially in tbe much 

stronger development of the inner lip, and in the smaller umbilicus. As casts of the 

interior, in which condition all three of these species are most commonly met with, 

B. mohri may be distinguished from the others by the impression of the callosity of 

the inner lip which causes the umbilical cavity to appear as drawn out narrowly 

above. The volutions besides enlarge more rapidly, and the umbilicus, especially 

when compared with B. similis, is deeper and much more sharply defined. 

Good testiferous specimens are very rare, many being distorted by pressure, 

and in most of them the greater part of the aperture is broken away, and the 

surface markings obscured by weathering or maceration. The majority, however, 

preserve a large part of the expanded inner lip. 

Formation and locality.- Not uncommon in the upper part of the Riehmonc1 group of the Cincinnati 
period at Richmond, Indiana. We have it also from Lincoln county, K8ntueky. 

Collection.-E. O. Ulrich. 

BELLEROPHON CAPAX, n. sp. (Ulrich.) 

PLATE LXlII. FIGS. 50 and 51; PLATE LXIV. FIGS. 40-4;;, 

This species agrees closely with B. mohri, hut on comparison proves to differ in 

a greater or lesser degree in nearly every feature. First., the volutions enlarge more 

rapidly, second, they are more ventricose, third, the umbilicus in casts is a trifle 

smaller and more rounded at the edge, fourth, the outline of the aperture is less 

narrowly rounded on the sides, and fifth, the cross-section of the outer volution of 

casts is nearer semicircular than triangular. The sbell is larger, the volutions 

increase in size much faster, the umbilicus is smaller, and the inner lip much beavier 

tban in B. platystoma and B. similis. When the aperture is imperfect, specimens of 
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this species sometimes look very much as though they might be a larger variety of 

ProtoUJarthia granostriata. Yet this is most certainly not the case, since the species 

possesses a slit-band and the aperture of a true Bellerophon. When neither of these 

features is preserved, then it is distinguished from the Protowarthia by its open 

umbilicus and larger size. 

Formation and locality.-Lower part of the Loraine group and upper part of the Uti~ group at 
several localities in the vicinity of Cincinnati, Ohio. 

Oollection.-E. O. Ulrich (7 speoimens). 

Genus BUCANOPSIS, n. gen. 

Bellej'ophon (part.), HALL, MEEK, DE KONINCK, McCoY, D'ORBIGNY, and other authors prior to 
. 1880. LINDSTROM, 1884, Silurian Gastropoda of Gotland. 

Bucanict (part.), WAAGEN, 1880, Paheontologica Indica, ser. 13, pt. 2, pp. 130 and 150. KOREN,1889, 
N. Jahrhuch f. Mineralogie, etc., BeUageband vi, p. 379. 

? Ellphe'll!1£s (part.), McCoY, 1844, Synopsis Oarb. Foss. Ireland, p. 25, 

For gene'ric characters see page 853. 

The greater part of the species which we propose to classify under this generic 

name were originally described as of Bellerophon, an arrangement that ;was quite 

satisfactory to paleontologists till 1880 when Waagen proposed to separate them on 

account of their spiral surface sculpture. In this we think he was fully justified, 

because extensive studies of the Bellerophontacea prove conclusively that the surface 

markings deserve a high rank among the characters that are available to the 

systematist who seeks to subdivide the group into natural and convenient generic 

sections. But, as we shall show in discussing that genus, both he and Koken, who 

adopts Waagen's proposition, are wrong in extending the application of Hall's 

Bucania to all the spirally striated bellerophontids. Bucania must be restricted to 

species of the type of B. sulcatina, which is quite different in other respects from the 

Devonian and later Paleozoic shells that make up the bulk of the species referred 

by them to Hall's genus. The surface markings even are not exactly the same in 

the two groups, they being straight and parallel with the direction of the whorls in 

Bucrtnopsis while in true Bucania they are wrinkled, interrupted and more or less 
oblique in direction. 

It seems very clear to us that Bucanopsis was developed from Bellerophon and not 

from Bucania. Every character of the genus. excepting the revolving lines, corres

ponds with the former and is more or less different from the latter. A comparison 

of the figures of species described in this work alone can scarcely fail to convince 

students that this is really a fact, and the same must continue to grow more obvious 

when they extend their comparisons to Upper Silurian, Devonian and Carboniferous 
Bellerophontidce . 
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Bucanopsis, if we include in it, as we must provisionally do, all the Paleozoic 

spirally striated shells which agree in other respects with Bellerophon, may not be an 

entirely natural genus. By this we mean that many of the later forms are probably not 

descended from the Trenton type of the genus. We think it possible that Bucanop

sis-like species were evolved from Bellerophon not only in Lower Silurian times but 

at later periods as well. Again it is not unreasonable to suppose t,hat certain 

developmental lines, originating in some period preceding the Trenton, may have 

resulted in forms that we cannot now separate satisfactorily from Bucrtnopsis. 

The last possibility is suggested by Koken's remarks on the development of the 

shells which he erroneously places into Meek's genus Bucanella (see this work pages 

849, 876 and 882). If he is correct in regarding Bellerophon substriatus Krause, and 

several Devonian species mentioned by him, as having descended from his Lower Silu

rian B. esthona, then the possibility is strengthened into probability; for B. esthona most 

certainly came from quite a different stock than that which produced B1tcanopsis 

carini/era, while the supposed Devonian descendants are scarcely distinguishable from 

Bucanopsis, and only by the slightly greater width of their slit-bands. However, we 

are strongly inclined to doubt that K oken's views on the question under considera

tion are justified by the facts. In our opinion, B. esthona, as well as a corresponding 

American form, is quite distinct from most if not all of the others with which he 

connects it, and it probably represents an undescribed genus with relations nearer 

Tetranota and BZlcania than BZlcanopsis.* On a preceding page we propose the name 

Kokenia for this new genus, and on plate LXIV figure the only known American 

species of this type (K. costalis, page 882). 

B. sZlbstriatZls Krause strikes us as a form that may have been developed from a 

species of Tetranota like T. wisconsinensis. The characters known, it is true, are 

insufficient to establish its affinities, yet if it could be proved that the inner whorls 

retain only a trace of latero-dorsal ridges, we would overlook its somewhat different 

surface markings and place the species with little or no hesitation under Tetranota. 

But to show the difficulty of correctly estimating the generic affinities of many of 

the bellerophontids from figures and descriptions above, we may say that so far 

nothing has been published of B. substriata that might be considered as thoroughly 

antagonistic to the view that would consider it as a modific3.tion of the Lower 

Silurian Protowarthia, in which delicate revolving lines are also often present. The 

broad apertural sinus reminds one strongly of Protowarthia, and when it comes to 

the tripartite character of the shell, which character in connection with another 

about to be considered led Koken to place these species with Bucanella, B. substriatus 

* It is to be mentioned that Koken very properly places B. csthOlU! in the inlluedia.te vicinity of Buwnia or. as we ca.ll it, 
TetrO/nota bidor8ata. 
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resem bles Proto1l)arthia qmnistriata more closely in this respect than either Bucanella 

trilouata Conrad sp., or Kokenia esthona. 

The longitudinal striation, unusual width and elevation of the slit-band, the 

last feature producing an obscure tripartite character to the shell, seem to be the 

prineipal characters upon which Koken bases his conception of Bucanella as distinct 

from Bucania, which with him included Bucanopsis. These features he finds in his 

B. cstliona, Krause's B. substriatus and in several other Silurian and Devonian shells 

which he assumes to be related to species upon which Meek founded Bucanella. 

This assumption, however, is totally unwarranted, and in the absence of sufficient 

evidence to prove his point Koken should not have charged Meek with an incorrect 

description. 

The elevation of the slit-band in the group of sp2cies under consideration is 

probably not of much consequence, though usually present. Its unusual width, 

however, may be of importance but we see no way of utilizing it at present. The 

extension of the revolving lines over the slit-band also seems to us to be of little 

value. We came to this conclusion because they may be present in one and absent 

in the other of two closely related species. For instance, in Bucanopsis textilis Hall 

(not De Koninck sp.), of the Warsaw or St. Louis group, the slit-band seems al ways to 

be without revolving lines, but in an undescribed form recurring in the Chester 

group of Kentucky, and which can scarcely be distinguished, such lines are clearly 

present. We find them also in B. leda Hall, while they are absent in the closely 

related B. lyra Hall. Then they are developed again in some of the Carboniferous 

species, notably B. marcouiana Geinitz, B. eUipticus McChesney, and B. rnonifortianus 

Norwood and Pratten, the last belonging to the Bellerophon patulus group of species. 

It seems to us, therefore, unreasonable to accord any more than specific importance 

to the presence or absence of these lines. 

There is another assertion made by Koken to which we must take exception. 

He says that 13. esthona is "obviously a combination of the characters of the so-called 

Enpltemus and Bllcani{(." This ohservation is so totally at variance with our own 

opinion that we are almost at a loss to answer it except with a simple contradiction. 

He is most assuredly far from the truth if he means to imply that the revolving 

ridges of Euplzemlls, which WR cannot for a moment doubt are really folds of an 

extension of the inner lip, are in any way comparable with the spirally ribbed 

external surface sculpture of Bllc((llia and BIIC(lI1()psis. 
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BUCANOPSIS CARINIFERA, n. sp. (Ulrich.) .. 

PLATE LXLJ. l!'IGS. 56-61. 

Shell less than medium size, the hight varying in thirty-five specimens between 

7 mm. and 15 mm.; width of aperture nearly or quite equal to the hight. Volutions 

two or two and one-half, rather closely coiled, embracing to a little more than one

half, with a strong, prominent, flat-topped dorsal keel, fro~ which the surface 

descends in a wide concave slope; sides rounding somewhat narrowly into the small 

open umbilicus; section of volutions broadly cordate. Aperture broad, somewhat 

triangular-ovate in outline; outer lip thin, with a moderately deep V-shaped central 

emargination; inner lip thick, very wide, reflected laterally, extending downward 

over the preceding volution whose keel shows through very distinctly. Surface 

with fine straight revolving strirn, alternating somewhat in strength; transverse or 

growth lines, excepting an occasional wrinkle, usually very faint, but on the larger 

specimens they become much stronger and incline to be irregular. Slit-band 

flat, smooth so far as known. 

This, the type and only known Lower Silurian representative of the proposed 

genus Bucanopsis, reminds one somewhat of the European B. substrirdus Krauss, hut 

the dorsal carina is much more prominent and the slit-band narrower than in that 

rather doubtful Upper Silurian species. None of the Gotland species of the genus 

have the dorsum carinated. Of Lower Silurian Belle1"<)phontid(e, Bellerophon troosti 

and B. platystoma are somewhat similar, but as the former has more rounded 

volutions and the latter quite a differently shaped aperture, there is little likelihood 

of confusion between them even as casts. Being true bellerophons they have of 

course no revolving lines, while the carina is never so prominent as in Bucanopsis 

carinifera. 
We have about fifty specimens of what we take to be the same species from the 

Loraine group at Cincinnati, Ohio. They are, however, smaller than the Trenton 

form, the hight being in most cases less than 7 mm. and in only one as much as 10 

mm. Not one of them exhibits even a trace of surface markings although preserv

ing the shell, or rather a replacement of the same in crystalline calcite. Bllt the 

absence of surface markings on these specimens should not be considered as proof 

that they were originally without them, since they are wanting also on all the other 

Gastropoda occurring in association with them. Among these other forms are well 

known species of Lophospira and Cyrtolites ornat'Us, the surfaces of which under more 

favorable conditions are always distinctly sculptured. 

Formation and locaZity.-Upper part of Trentun group, near Danville, Kentucky; Loraine group of 
the Cincinnati perlod, Cincinnati, Ohio. 

OoZlection.-E. O. Ulrich. 

GASTROPODA. !)25 
Ruoanopsis carinifera.] 

BUCANOPSIS CARINIFERA, n. Sp. (Ulrich.) .. 

PLATE LX IT. i<'ras. 56-ul. 

Shell less than medium size, the hight varying in thirty-five specimens between 

7 mm. and 15 mm.; width of aperture nearly or quite equal to the hight. Volutions 

two or two and one-half, rather closely coiled, embracing to a little more than one

half, with a strong, prominent, flat-topped dorsal keel, fron:~ which the surface 

descends in a wide concave slope; sides rounding somewhat narrowly into the smaJl 

open umbilicus; section of volutions broadly cordate. Aperture broad, somewhat 

triangular-ovate in outline; outer lip thin, with a moderately deep V-shaped central 

emargination; inner lip thick, very wide, reflected laterally, extending downward 

over the preceding volution whose keel shows through very distinctly. Surface 

with fine straight revolving strim, alternating sonlewhat in strength; transverse or 

growth lines, excepting an occasional wrinkle, usually very faint, but on the larger 

specimens they become much stronger and incline to be irregular. Slit-band 

flat, smooth so far as known. 

This, the type and only known Lower Sil urian representative of the proposed 

genus Bucanopsis, reminds one somewhat of the European lJ. slilistri(ftus KntUss, but 

the dorsal carina is much more prominent and the slit-band na,rrower than in that 

rather doubtful Upper Silurian species. None of the Gotland species of the genus 

have the dorsum carinated. Of Lower Silurian Belle},(Jp/lOlltidlf, Bellerop/lOit troosti 

and B. platystoma are somewhat similar, but as the former has more rounded 

volutions and the latter quite a differently shaped aperture, there is little likelihood 

of confusion between them even as casts. Being true bellerophons they have of 

course no revolving lines, while the carina is never so prominent as in Bucanopsis 

carinifera. 
We have about fifty specimens of what we take to be the sa111e species from the 

Loraine group at Cincinnati, Ohio. They are, however, smaller than the Trenton 

form, the hight being in most cases less than 7 111m. and in only one as much as 10 

mm. Not one of them exhibits even a trace of surface markings although preserv

ing the shell, or rather a replacement of the same in crystalline calcite. BDt the 

absence of surfa,ce markings on these specimens should not be considered as proof 

that they were originally without them, since they are wanting also on all the other 

Gastropoda occurring in association with them. Among these other forms are well 

known species of Lophospira and Cyrtolites ornatus, the surfaces of which under more 

favorable conditions are always distinctly sculptured. 

Form'ation and locality.-Upper part of Trentun group, near Danville, Kentucky; Loraine group of 
the Cincinnati period, Cincinnati, Ohio. 

Oollection.-E. O. Ulrich. 
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lOarinaropsis. 

Genus CARIN AROPSIS, Han. 

CaTilla1'opsis, HALL, 1847, Pal. New York. vol. i, p. 183. 
PhJ'((gmostoma, HALL, 1861, Fourteenth Rept. N. Y. St. Cab. Nat. Hist .. p. 940; not Waagen, 1880, 

Pal. Indica, ser. 13, pt. 2, p. 131. 

For generic characters see page 857. 
This is a well-marked genus, and one that we find it difficult to place satisfac

torily in our scheme of classification. Taking the small inner volution alone, we 

are reminded sometimes of Cyrtolites, at other times of Oxydicus, but the whole shell 

with its greatly expanded and peculiarly constructed aperture, is so widely different 

from these genera that, with our present knowledge, we cannot think even for a 

moment of seriously comparing them. There are perhaps better reasons for 

bringing the genus into connection with Bellerophon, there being in reality scarcely 

a single-if indeed any-feature of Carinaropsis that is not also present in some 

form or other in species of that genus. Thus, picking out the more essential 

characters of Carinaropsis, an expanded aperture is frequently present in Bellerophon, 

though the inner volution or volutions are never minute as in Carinaropsis, the 

inner lip is often thickened within into a blunt ridge (e. g. B. troosti) but the ridge 

is never developed into a projecting wide plate; then the volutions are o~ten 

carinated, though but rarely, if ever, so distinctly as the smaller volution of Carin

aropsis. Finally, the shells of both genera have a slit-band and a sinus in the outer 

lip. Though their features on the whole are the same in kind, they still differ 

so greatly in development that, especially when resemblances in very different 

directions are considered, we are more than satisfied that Carinaropsis represents a 
distinct family. 

We have already alluded (see page 857) to certain striking agreements in 

structure existing between Carinaropsis and Pterotheca, a genus of Silurian shells 

that all authorities now place with the Pteropoda. In both of these genera the 

aperture is broadly expanded, a septum is developed, and the back is carinated, in 

each case more strongly in Pterothecn than in Carinaropsis. But while in the latter 

the shell forms as much as two volutions, in the former it is merely arcuate, the 

curvature in no case amounting to a single vol uti on. Though the differences 

between the two genera are doubtless important, are we not so far justified in 

claiming that Pterotheca is not farther removed from Carinaropsis than this genus is 

from Bellerophon ? We say" so far" because Pterotheca possesses one character that 

is not represented in Carinaropsis nor in any true member of the Bellerophontacea. 

Namely the apical extremity of Pterotheca is divided by two small vertical septa into 

three portions of which the central one is longer and somewhat wider than the 
lateral ones. 
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Genus CARIN AROPSIS, Han. 

Cco"inuropsis, HALL, 1847, Pal. New York. vol. i, p. 183. 
Phmgmostollw, HALL, 1861, Fourteenth Rept. N. Y. St. Cab. Nat. Hist .. p. 94; not Waagen, 1880, 

Pal. Indica, ser. 13, pt. 2, p. 131. 

For generic characters see page 857. 

This is a well-marked genus, and one that we find it difficult to place satisfac

torily in our scheme of classification. Taking the small inner volution alone, we 

are reminded sometimes of Cyrtolites, at other times of Oxydicus, but the whole shell 

with its greatly expanded and peculiarly constructed aperture, is so widely different 

from these genera that, with our present knowledge, we cannot think even for a 

moment of seriously comparing them. There are perhaps better reasons for 

bringing the genus into connection with Bellerophon, there being in reality scarcely 

a single-if indeed any-feature of Carinaropsis that is not also present in some 

form or other in species of that genus. Thus, picking out the more essential 

characters of Carinaropsis, an expanded aperture is frequently present in Bellerophon, 

though the inner volution or volutions are never minute as in Carinaropsis, the 

inner lip is often thickened within into a blunt ridge (e. g. B. troosti) but the ridge 

is never developed into a projecting wide plate; then the volutions are often 

carinated, though but rarely, if ever, so distinctly as the smaller volution of Carin

aropsis. Finally, the shells of both genera have a slit-band and a sinus in the outer 

lip. Though their features on the whole are the same in kind, they still differ 

so greatly in development that, especially when resemblances in very different 

directions are considered, we are more than satisfied that Carinaropsis represents a 

distinct family. 

We have alreauy alluued (see page 857) to certain striking agreements in 

structure existing between Carinaropsts and Pterotheca, a genus of Silurian shells 

that all authorities now place with the Pteropoda. In both of these genera the 

aperture is broadly expanded, a septum is developed, and the back is carinated, in 

each case more strongly in Pterotheca than in Carinaropsis. But while in the latter 

the shell forms as much as two volutions, in the former it is merely arcuate, the 

curvature in no case amounting to a single volution. Though the differences 

between the two genera are doubtless important, are we not so far justified in 

claiming that Pterotheca is not farther removed from Carinaropsis than this genus is 

from Belleroplwn? We say" so far" because Pterotheca possesses one character that 

is not represented in Carinaropsis nor in any true member of the Bellerophontacea. 

Namely the apical extremity of Pterotheca is divided by two small vertical septa into 

three portions of which the central one is longer and somewhat wider than the 
lateral ones. 
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Granting for the present that Pterotheca is a pteropod, we look in vain among 

the other types of that sub-class of shells for anything corresponding to the trifid 

apex of Pterotheca. We conclude, therefore, that the peculiarity is of generic 

importance only, and consequently not a serious objection to an arrangement 

which, in following the suggestion of the other characters, would bring Carinaropsis 

and Pterotheca within the limits of the same order and family. According to our 

opinion this family will prove to belong to the Docoglossa and not to the Pteropoda. 

CARINAROPSIS CUNULlE Hall. 

PLATE LXII, FIGS. 10-13. 

Carinaropsis (Phmgrnostoma) cunulce HALL, 1861, Fourteenth Rept. N. Y. St. Cab. Nat. Hist., p. 94. 

Shell 20 mm. to 25 mm. in width, the length of the largest specimens about 20 

mm., the hight of the same about 10 mm.; consisting of two or two and one-half 

volutions, the last abruptly expanded. Dorsum angular, or slightly carinated on 

the small volution, the angle becoming gradually more and more obtuse toward the 

deeply emarginated anterior edge, where it may be quite obsolete and in some 

specimens replaeed by a broad flattened slit-band. Umbilicus small but distinct and 

deep. Aperture broadly subovate, insinuated in front and somewhat truncated 

behind; posterior lip reflected. Septum broad, extending about two-fifths across the 

aperture from the edge of the postenor lip, nearly twice as wide as long, its antel'ior 

edge somewhat thickened and slightly arched; behind the edge, which is nearer the 

plane of the apertural margin than usual, the outer surface is moderately concave. 

Inner surface of septum distinctly carinate, with a slight continuation of the same 

feature on the outer side. InrJ,er aperture subtriangular or semi-elliptical, closed 

by a nearly flat operculum. Surface marked by fine lines and more or less obscure 

varices of growth. 
This species differs from C. cymbula Hall in having the first volutions larger and 

projecting farther beyond the posterior lip, which again is more abruptly deflected, 

but the best difference lies in the septum whose outer surface is much less excavated 

in this species. 

Formation and locality.-Upper part of Trenton group, Nashville, Tennessee, and Boyle county, 
Kentucky. . 

Oollection.-E. O. Ulrich. 

CARINAROPSIS CYMBULA Hall. 

PLATE LXII, FIGS. 1-4. 

Oa1·inarop.~is (Phmgrnostorna) cymbula HALL, ]861, Fourteenth Rept. N. Y. St. Cab. Nat. IIist., p. 94. 
Phragmostorna natator (in error for cymbula) HALL, ]862, Fifteenth Rept. idem., pI. VI, figs. 12-14. 

Volutions one and a half or two, the first very min ute; posterior margin of 
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Granting for the present that Pterotheca is a pteropod, we look in vain among 

the other types of that sub-class of shells for anything corresponding to the trifid 

apex of Pterotheca. We conclude, therefore, that the peculiarity is of generic 

importance only, and consequently not a serious objection to an arrangement 

which, in following the suggestion of the other characters, would bring Carinaropsis 

and Pterotheca within the limits of the same order and family. According to our 

opinion this family will prove to belong to the Docoglossa and not to the Pteropoda. 

CARINAROPSIS CUNULLE Hall. 

PLATE LXII, FIGS. 10-13. 

Carinaropsis (Phmgmostoma) cunulce HALL, 1861, Fourteenth Rept. N. Y. St. Oab. Nat. Hist., p. 94. 

Shell 20 mm. to 25 mm. in width, the length of the largest specimens about 20 

mm., the hight of the same about 10 mm.; consisting of two or two and one-half 

volutions, the last abruptly expanded. Dorsum angular, or slightly carinated on 

the small volution, the angle becoming gradually more and more obtuse toward the 

deeply emarginated anterior edge, where it may be quite obsolete and in some 

specimens replaced by a broad flattened slit-band. Umbilicus small but distinct and 

deep. Aperture broadly sub ovate, insinuated in front and somewhat truncated 

behind; posterior lip reflected. Septum broad, extending about two-fifths across the 

aperture from the edge of the posterIor lip, nearly twice as wide as long, its anterior 

edge somewhat thickened and slightly arched; behind the edge, which is nearer the 

plane of the apertural margin than usual, the outer surface is moderately concave. 

Inner surface of septum distinctly carinate, with a slight continuation of the same 

feature on the outer side. Inr1.er aperture subtriangular or semi-elliptical, closed 

by a nearly flat operculum. Surface marked by fine lines and more or less obscure 

varices of growth. 
This species differs from C. cymbula Hall in having the first volutions larger and 

projecting farther beyond the posterior lip, which again is more abruptly deflected, 

but the best difference lies in the septum whose outer surface is much less excavated 

in this species. 

Formation and locality.-Upper part of Trenton group, Nashville, Tennessee, and Boyle county, 
Kentucky. 

Oollection.-E. O. Ulrich. 

CARINAROPSIS CYMBULA Hall. 

PLATE LXII, FIGS. 1-4. 

Om'inaropsis (Ph1'Ugmostoma) cymbula HALL, 1861, Fourteenth Rept. N. Y. St. Oab. Nat. IIist., p. 94. 
Phragmostoma natato1' (in error for cymbula) HALL, 1862, Fifteenth Rept. idem., pI. VI, figs. 12-U. 

Volutions one and a half or two, the first very minute; posterior margin of 
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aperture not reflected, causing an unusual depth between the lip and the edge of 

the septum; edge of septum scarcely thickened, the whole outer surface of septum 

nearly smooth. In other respects like C. cunulce. The great excavation of the septum 

is the principal peculiarity of the species. 

Formation (mel locality.-Top of the Trenton group, near Danville, Kentucky. The original types 
of the species are said to have come from the Hudson River group, but this is probably an error. 

OoUection.-E. O. Ulrich. 

CA.RINAROPSIS PHALERA Sardeson. 

PLATE LXII. FIGS. 14-18. 

Oal'inltropsis (or Bellm'oplwn) phalera SARDESON, 1892, Bull. Minn. Acad. Nat. ScL, vol. iii, no. 3, p. 336. 

This form is very near C. cunulce Hall, the only differences that we can now 

see being the apertural margin which is less reflected and scarcely truncated 

posteriorly, giving a more nearly circular outline and greater depth to the concavity 

of the septum. Mr. Sardeson mentions "indistinct radiating folds on the dorsal 

surface" of one of his specimens (a cast), but we have failed to notice anything of 

the kind. 

Fonnation and loealiiy.-BJack River group, Rhinidictya and Ctenodonta beds, St. Paul, Minneapo!is 
Chatfield, Minnesota. 

Uollect·ions.-E. O. Ulrich; original types in the cabinet of the geological department of the Uni
versity of Minnesota. 

CARINAROPSIS ACUTA, n. sp. 

PLATE LXII. FIGS. 6-9. 

Shell very delicate, the largest about 27 mm. in length, but the majority of the 

specimens before us, perhaps because of imperfection, are only from 3 to 11 mm. in 

length. Volutions about three, the inner ones very small, greatly compressed, and 

very sharp on the dorsum, the last expanding very rapidly. As the dorsal angle 

becomes gradually less acute and the rate of expansion of the volutions increases, 

the aperture changes from triangular to subcircular. Septum comparatively short, 

the edge much within the plane of the apertural margins. Posterior lip not reflected. 
Surface, so far as observed, quite smooth. 

This differs from the preceding species in the greater compression and much 

sharper dorsal angulation of the inner whorls, and in the much shorter septum. 

Formation and loeality.-Black River shales, Rhinidictya and Ctenodonta beds Cannon Falls and 
near Fountain, Minnesota. ' , 

ColkctioHs.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 
lI'Iuseum Register, No. 7534. 
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aperture not reflected, causing an unusual depth between the lip and the edge of 

the septum; edge of septum scarcely thickened, the whole outer surface of septum 

nearly smooth. In other respects like C. cunulce. The great excavation of the septum 

is the principal peculiarity of the species. 

Formation ancI ZowZity.-Top of the Trenton group, near Danville, Kentucky. The original types 
of tile species are said to have come froID the Hudson River group, but this is probably an error. 

Collection.-E. O. Ulrich. 

C/\RINAROPSIS PHALERA Sardeson. 

PLATE LXII, FIGS. 14-18. 

Cco'inaro]Jsi~ (or BeZZel'opholl) plwZera SARDESON, 1892, Bull. Minn. Acad. Nat. ScL, vol. iii, no. 3, p. 336. 

This form is very near C. cunulce Hall, the only differences that we can now 

see being the apertural margin which is less reflected and scarcely truncated 

posteriorly, giving a more nearly circular outline and greater depth to the concavity 

of the septum. Mr. Sardeson mentions "indistinct radiating folds on the dorsal 

surfaee n of one of his specimens (a cast), but we have failed to notice anything of 

the kind. 

Formation anrllocality.-Blael{ Itiver group, Rhinidictya anel Ctenodonta beds, St. Paul, Minneapolis 
Ohatfield, Minnesota. 

Collections.-E. O. Ulrich; original types in the cabinet of the geological department of the Uni
versi ty of Min nesota. 

CARINAROPSIS ACUTA, n. sp. 

PLATE LXII, FIGS. 6-9. 

Shell very delicate, the largest about 27 mm. in length, but the majority of the 

specimens before us, perhaps because of imperfection, are only from 3 to 11 mm. in 

length. Vol utions about three, the inner ones very small, greatly compressed, and 

very sharp on the dorsum, the last expanding very rapidly. As the dorsal angle 

becomes gradually less acute and the rate of expansion of the volutions increases, 

the aperture changes from triangular to subcircular. Septum comparatively short, 

the edge much within the plane of the apertural margins. Posterior lip not re1lected. 
Surface, so far as observed, quite smooth. 

This differs from the preceding species in the greater compression and much 

sharper dorsal angulation of the inner whorls, and in the much shorter septum. 

Formation and locality.-Blaek Itiver shales, Rhinidictya and Otenodonta beds Oannon Falls and 
near Fountain, Minnesota. ' , 

Cu/hliolls.-Gcological anel Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 7534. 
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CARINAROPSIS MINIMA, n. sp. 

PLATE LXII. FIG. 19. 

Shell very small for the genus, the width of the aperture about 8 mm. III a 

specimen having a length of 6 mm. and a concavity of about 4.3 mm. Doraum only 

moderately acute at first and becoming gradually quite obtuse. Surface with 

several comparatively strong lines or wrinkles of growth. 

Of this species we have seen only the small specimen figured on plate LXIL 

At first we thought it might be an immature example of C. phalera, but a more 

careful comparison proved conclusively that so great an expansion of the aperture 

could not have occurred in the young of that species. Indeed, the expansion of the 

aperture is a sign of maturity in this genu~, and that this condition has been reached 

by the specimen in question is fnrther indicated by the strength of the lines of 

growth which mark its surface where the latter is in good preservation. If these 

indications are trustworthy then the species will be distinguished very readily from 

all the others known of the genus by its small size. 

Formation and locality.-Black River group (Otenodonta bed) near Oannon Falls, Minnesota. 

Collection.-E. O. Ulrich. 

CARINAROPSIS EXPLANATA, n. Sp. (Ulrich.) 

PLATE LXI[, FIG. 5. 

Shell large, volutions apparently less thau two, the first very small, the next 

greatly expanded; hight only about one-third of the width; umbilicus very small; 

dorsum angular. Aperture not well preserved, apparently transversely subeUiptical, 

and somewhat broadly sinuate in front; posterior lip little if at all reflected. Septum 

large, curved inward, the inner edge about 18 mm. long in a specimen 38 mm. wide. 

Surface of casts with obscure varices of growth. 
The width is relatively greater than in any of the other species. The outer 

surface of the septum is less deeply concave and its anterior edge farther within the 

plane of the apertural margin than in C. cymbula, which it resembles perhaps more 

closely than the others. 

Formation and localify.-Upper part of the Trenton group, Covington, Kentucky. 

Collection.-E. O. Ulrich. 
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CARINAROPSIS MrN'IMA, n. sp. 

PLATE LXrr. FIG. 19. 

Shell very small for the genus, the width of the aperture about 8 mm. In a 

specimen having a length of 6 mm. and a concavity of about 4.3 mm. 

moderately acute at first and becoming gradually quite obtuse. 

several comparatively strong lines or wrinkles of growth. 

Dorsum only 

Surface with 

Of this species we have seen only the small specimen figured on plate LXII. 

At first we thought it might be an immature example of C. phalera, but a more 

careful comparison proved conclusively that so great an expansion of the aperture 

could not have occurred in the young of that species. Indeed, the expansion of the 

aperture is a sign of maturity in this genus, and that this condition has been reached 

by the specimen in question is further indicated by the strength of the lines of 

growth which mark its surface where the latter is in good preservation. If these 

indications are trustworthy then the species will be distinguished very readily from 

all the others known of the genus by its small size. 

Formation and locality.-Black River group (Otenodonta bed) near Oannon Falls, Minnesota. 

Collection.-E. O. Ulricb. 

CARINAROPSIS EXPLANATA, n. Sp. (Ulrich.) 

PLATE Lxrr, FIG. 5. 

Shell large, volutions apparently less than two, the first very small, the next 

greatly expanded; hight only about one-third of the width; umbilicus very small; 

dorsum angular. Aperture not well preserved, apparently transversely subelliptical, 

and somewhat broadly sinuate in front; posterior lip little if at all reflected. Septum 

large, curved inward, the inner edge about 18 mm. long in a specimen 38 mm. wide. 

Surface of casts with obscure varices of growth. 
The width is relatively greater than in any of the other species. The outer 

surface of the septum is less deeply concave and its anterior edge farther within the 

plane of the apertural margin than in C. cymbula, which it resembles perhaps more 

closely than the others. 

Formation and locaTify.-Upper part of tbe Trenton group, Oovington, Kentucky. 

Collection.-E. O. Ulrich. 
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lRaphistomidre. 

Subclass PROSOBRANOHIAT A. 

Order PEOTINIBRANOHIATA. 

Suborder EOTOMACEA. 

This proposed suborder is made up chiefly of four families of shells that are 

perhaps the most important of all to the paleontologist, namely, the Raphistomidce, 

Pleurotomariida?, Euomphalidce and l'rochidce. Besides these it should include other 

families, as for instance the Ft'ssurellidce and Haliotidce, which were most probably 

derived from the Pleurotomariidce, provisionally also the Maclureidce because (j)f their 

evident relations to the Euomphalidce. Then we include also the Turbinidce because 

their early Paleozoic prototypes can be shown to have very close relations with 

unquestionable members of the group, while of their recent representatives ,it is 

well known that they are not greatly different from the Trochidce. 

We find it most difficult to designate the characters of the shell which may 

fairly be said to be peculiarly characteristic of the group. Perhaps such characters 

do not exist,-at any rate we shall not now attempt to point them out. For the 

present it must suffice to say that the suborder rests principally upon observations 

which we regard as proving the common origin of the four families first mentioned. 

These observations will appear in the course of our remarks on the families known 

to have representatives in the Lower Silurian rocks of Minnesota. 

Family RAPHISTOMIDJE, n. fam. 

This family includes shells which we regard as the best known representatives 

of the original stock from which the Euomphalidce, Pleurotomariidce and Trochidce 

were almost simultaneously evolved. The position of the majority of the forms is 

intermediate between the first two families, leaning toward the second rather than 

the first, while the rest compare better with types that we place as early representa

tives of the last family, particularly with certain of the Upper Silurian shells which 
Lindstri)m refers to the recent genus l'rochus. 

The most persistent character of the Raphistomidce is one that at first may seem 

almost trivial, but because of its persistency it is justly entitled to rank as 

important. Namely, the lines of growth on the upper side of the whorls, which of 

course correspond in direction with the outline of the upper lip of the aperture, 

though directed on the whole backward, are curved sigmoidally, thus causing a 

usually very slight sinus in the outer part. The curvature is never strong and is 

perhaps best developed in Raphistoma in which the point at which the change in 
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Order PEOTINIBRANOHIATA. 

Suborder EOTOMACEA. 

This proposed suborder is made up chiefly of four families of shells that are 

perhaps the most important of all to the paleontologist, namely, the Raphistomidce, 

PleuTotomariidcc, Euomphalidce and l'J·ochidre. Besides these it should include other 

families, as for instance the Fissurellidce and Haliotidce, which were most probably 

derived from the Pleuroiomariidce, provisionally also the Maclureidce because ~f their 

evident relations to the Euomphalidce. Then we include also the Turbinidce because 

their early Paleozoic prototypes can be shown to have very close relations with 

unquestionable members of the group, while of their recent representatives .it is 

well known that they are not greatly different from the Trochidce. 

We find it most difficult to designate the characters of the shell which may 

fairly be said to be peculiarly characteristic of the group. Perhaps such characters 

do not exist,-at any rate we shall not now attempt to point them out. For the 

present it must suffice to say that the suborder rests principally upon observations 

which we regard as proving the common origin of the four families first mentioned. 

These observations will appear in the course of our remarks on the families known 

to have representatives in the Lower Silurian rocks of Minnesota. 

Family RAPHISTOMIDAiJ, n. fam. 

This family includes shells which we regard as the best known representatives 

of the original stock from which the Euomphalidce, Pleurotomariidre and Trochidre 

were almost simultaneously evolved. The position of the majority of the forms is 

intermediate between the first two families, leaning toward the second rather than 

the first, while the rest compare better with types that we place as early representa

tives of the last family, particularly with certain of the Upper Silurian shells which 

Lindstrijm refers to the recent genus TTochus. 

The most persistent character of the Raphistomidce is one that at first may seem 

almost trivial, but because of its persistency it is justly entitled to rank as 

important. Namely, the lines of growth on the upper side of the whorls, which of 

course correspond in direction with the outline of the upper lip of the aperture, 

though directed on the whole backward, are curved sigmoidally, thus causing a 

usually very slight sinus in the outer part. The curvature is never strong and is 

perhaps best developed in Raphistoma in which the point at which the change in 
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direction of the curve occurs is usually marked by a slight seam-like line 

or interruption. In Raphistomina and Euomphalopterus the sigmoid character 

of the curve is always distinguishable but there is no intermediate interruption. 

A true slit-band does not occur in any of the Raphistomidre, yet it would be quite 

reasonable to consider the angular or lamellar periphery of the whorls as its 

representative. Or it may be that the slightly sinuate outer parts of the lines of 

growth on the upper side of the whorls are homologous with the lunulCB crossing 

the band of true Pleuroiomari1·dm. Still, the evidence at hand is insufficient to establish 

either view. For the present then we have two well marked differences between 

the shells of the two families that may be utilized even should the suggested 

homologies admit of demonstration. The first of these differences lies in the 

absence of an apertural slit and the resulting slit-band, while the second 

may be expressed by saying that the retral sweep of the lines of growth in 

the Pleurotomariidre is never diminished but, on the contrary, is nearly always 

increased just before reaching the band, while in the Raphistomidce it is decreased 

and often overcome entirely on the peripheral carina. In cases like Euomphalopterus 

a latus, in which the carina is extremely developed, the second curve is again 

overcome by a third which is strongly retral. The last, it seems to us, has no 

further Significance than the preservation from injury of the anterior outer angle 

of the carina which would have been exceedingly liable to breakage if the second 

curve had continued. 
We place here in all five genera. The position of the first three we regard as 

unquestionable, the fourth, Omospira, differs very decidedly from the rest in the 

rounded form of its volutions and relatively high spire, while the fifth, Scalites, is 

doubt.ful because there is yet much to learn respecting its most important charac

teristics. If the last should prove to have the really essential features of the family 

then its systematic position would most likely be between Raphistoma and Omospira. 

All of these genera have heretofore been placed with the Pleurotornariidm. For general 

remarks on them, farther than those about to follow, the reader is referred to our 

discussion of that family on a subsequent page. 

RAPHISTOMA, Hall, 1847.* Shell sublenticular or plano-convex, the spire fiat, 

the sutures close; volutions triangular in section, sharply angular and generally 

thin at the periphery; there is neither a slit nora band; umbilicus varying in size 

but nearly always present; aperture turned backward slightly so as to form a 

shallow notch at the outer angle; lines of growth only; on the flattened upper surface 

these are slightly sigmoid and usually interrupted by a raised line between the two 

* Pal. New York, vol. i, p. 28, 
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• Pal. New York, vol. i, p. 28. 
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curves; passing oyer the acute edge they turn strongly forward and finally back 

again into the umbilicus. Types, R. staminea and planistriata Hall. 

HAPHISTOMINA, n. gen. Shell lenticular to depressed conical, umbilicated; 

volutions sharply angular and carinate at the periphery, the carina projecting over 

the but slightly impressed sutures; aperture very little oblique, subrhomboidal; 

upper lip directed backward with a gently sigmoid curve, the sutural half convex, 

the outer half concave, the extreme outer angle slightly hooked; outline of lower 

lip varying from concave to convex, in the latter being almost parallel with the 

upper; lines of growth moderately distinct, not interrupted on the upper side of the 

whorls. Type, Raphistoma lapicida Salter. 

EUOMPHALOPTERUS, F. Roemer, 1876.* Shell trochoid or subturbinate, broadly 

umbilicated, consisting of six or seven volutions rounded in section internally; 

carina thin, very wide, placed between the middle and the base of the whorls, 

enclosing numerous small tubular spaces running obliquely forward and outward 

and somewhat at variance with the lines of growth, and opening along its outer 

edge; aperture rounded, very oblique, the lower lip deeply and broadly sinuate; the 

lines of growth make a sigmoid curve between the umbilicus and the outer edge of 

the carina, the extent of the outer curve varying with the species and depending 

upon the width of the carina; on the upper side of the whorls they are curved less 

strongly and on the inner part in an opposite direction from that observed on the 

base, the result being that in a species like E. undulans Lindstrom sp., in which the 

carina is comparatively narrow, the anterior edge of the aperture, as viewed from 

above, is a gentle sigmoid, while in a widely carinated form like E. alatus the edge 

is biconvex, being recurved at the outer extremity. Type, E. alatus Wahlenberg sp, 

OMOSPIRA, n. gen. Shell somewhat elongate turbinate, subturriculate; volutions 

seven or eight, ventricose, obliquely flattened in the upper part by an obtuse 

shoulder-like angulation; the latter, which mayor may not constitute the periphery 

of the whorls, forms the outer margin of a wide band-like space in which the lines 

of growth, which first curve strongly backward in their course from the suture line, 

are turned in the opposite direction; a short distance before reaching the angle the 

curve is sharpened; as in Raphistorna the junction between the two curves is marked 

by a thin line, while beneath the outer angle the lines of growth are turned some

what gently forward. Aperture somewhat quadrate-triangular, its hight slightly 

greater than the width, narrowly rounded but not effuse below; columellar lip 

rather straight, not thick, usually reflexed so as to hide a minute umbilical perfora

tion. Surface markings consisting of fine lines of growth only. Type, O. laticincta, 
n. sp. (Ulrich.) 

• Leth. Ge()gn., Ed. 4, pt. 1. pl. XIV, fig 9. 
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1 SOALITES, Emmons. Shell turbinate, spire only moderately high; whorls flat 

above rising step-like one above the other, sharply angular at the periphery, 

produoed below; no umbilicus; aperture subtriangular, apparently drawn out below; 

oolumellar lip rather thick, slightly twisted. Surface markings and form of outer 

lip unknown; probably as in Ornospira and Raphistoma. Type, 8. angulatus Emmons. 

FIG. 4.-Scalites angulatu8 Emmons, Chazy limestone, Chazy, New York. ViE'w of a weathered 
specimen, imbedded in stone, showing part of the upper whorls in section and the umbilical region and 
slightly twisted columellar lip. Received from Prof. H. M. Seeley and now in the collection of E. O. 
Ulrich. 

The aooompanying figure shows nearly all we could learn of this genus and 

species. The general form reminds one of certain species of Lophospira, but we are 

certain that the angular periphery of the whorls does not carry a band as in that 

genus. U nforl;unately, neither the original types nor, so far as known, any of the 

specimens disoovered sinoe, afford any positive knowledge concerning the form of 

the outer lip and surface markings. Although we believe that these oharacters will 

prove to be essentially as in the preceding genera of this family, we must admit that 

the question is complicated by the marked resemblance which 8. angulatus bears to 

Holopea supraplana. For the present then the name 8calites should be restricted to 

the species to which it was originally applied. 

Of these five genera Euornphalopterus is the most recent, being perhaps entirely 

an Upper Silurian type. The others with a few doubtful exceptions, are confined 

to Lower Silurian deposits. Raphistorna begins with several species in the Chazy 

and continues to the top of the Cincinnati period; Rap1iistornina is known in the 

Trenton, Black River and Calciferous formations, and we have reason to believe 

that the type reaches as far back as the Cambrian; while Omospira comprises Black 

River and Trenton species and perhaps a single Upper Silurian form. Raphistomina 

strikes us as the most primitive of the four Lower Silurian types and we feel 

reasonably satisfied that the others were evolved from it. Raphistoma was produced 

by flattening the spire, and by the anterior prolongation of the oentral portion of 

the lower lip, the latter modification causing the hook of Raphistomina to be replaced 

by a notch in the upper side of the outer angle of the aperture. Euornphaloptel'us 

differs chiefly in its more rounded volutions, and exoessively developed carina. The 
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specimens discovered since, afford any positive knowledge concerning the form of 

the outer lip and surface markings. Although we believe that these characters will 

prove to be essentially as in the preceding genera of this family, we must admit that 

the question is complicated by the marked resemblance which 8. angulatus bears to 

Holopea supraplana. For the present then the name 8calz'tes should be restricted to 

the species to which it was originally applied. 
Of these five genera Euomphalopterus is the most recent, being perhaps entirely 

an Upper Silurian type. The others with a few doubtful exceptions, are confined 

to Lower Silurian deposits. Raphistoma begins with several species in the Chazy 

and continues to the top of the Cincinnati period; Raphistonzina is known in the 
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lower lip also has become more strongly and constantly sinuate, causing a more 

oblique aperture. The evolutional modifications, it will be noticed, are almost 

exactly opposite in the two cases. As to Omospira, it was most probably derived 

from Raphistoma, or from some unknown allied type. The relations and differences 

existing between Raphistoma, Raphistomina and Euomphalopterus are clearly shown 

by the figures in the accompanying cut: 

c 

FIG. 5.-Sketches illustrating the character of Raphistomina, Raphistoma and Euomphalopterus. a, 
b, c, three views of Rophistomina lapic'ida Salter sp.; d, e, j, similar views, x 2, of Raphistoma peracutnm, a 
depressed but ottlerwise very typical species of the genus; g, h, i, similar views of Euomphalopterus alatus 
var. obsoletus, n. var. The last is from the Niagara group near Waldron, Indiana, and is the only American 
representative of this peculiar genus known. it differs from the European varieties of thl:: species chiefly 
in wanting the ridge which surrounds the umbilical cavity in those forms. The umbilicus in our variety 
is also a trifte narrower than usual. 

Raphistoma, Hall, that long misunderstood and much debated genus, is now for 

the first time since 184:7 correctly interpreted, limited and placed. Justice demands 

that Prof. James Hall, the author of the name, should be credited with having given 

a diagnosis that is strictly correct and sufficiently detailed to satisfy even the pres

ent requirements. He noticed and says distinctly that his Raphistoma has no band, 

and this fact of itself should have been accepted as fully justifying a separation 

from Pleurotomaria. Instead we find that authors have generally regarded his 

genus as indistingishable from Sea lites Conrad, and both as synonyms of Pleuroto

maria. Salter, * it is true, gives Raphistoma, together with his Helieotoma and 

Vanuxem's Ophileta, the rank of subgenera under Sea lites (which he refers to the 

Ianthinidw), and distinguished them from Pleurotomaria because of the absence of 

the spiral band. However, as we will show later on, Helicotoma and Ophileta are 

* Oanadian Organic Remains, dec. 1, p. 10, 1859. 
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• Oanadian Org-anic Remains, dec. 1, p. 10, 1859. 
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euomphaloids and therefore quite different genetically from Baphistoma, while 

Scalites is not sufficiently known to be placed satisfactorily. 

It is not worth while to review the literature of the genus that appeared during 

the time included bet'Yeen the years 1859 and 1f390. It will suffice to say that the 

name gradually attained a somewhat precarious standing among American paleon

tologists as a convenient designation for lenticuliar shells which in other respects 

were supposed to be of the type of PleurotornaJ'Ut. Taking Miller's list of species 

referred to Baphistoma* as a fair example of the use to which the genus had attained 

. in recent years, it is evident that it is truly an incongruous assemblage. Of the 

nineteen species probably only the three originally referred to the genus really 

belong there. The others belong mostly to our new pleurotomarian genera Eotornari(( 

and Liospira, and to Raphistomina, while several are too ill known to justify a definite 
arrangement under any genus. 

In 1890-!- Koken endeavored to establish Raphistoma and to show its relations to 

Pleurotomaria on the one side and Euomphalus on the other. His effort has not 

proved entirely successful because he failed to grasp fully the essential peculiarities 

of the type species, R. staminea.t Unfortunately we cannot follow his arguments 

as closely as we would like, hence we are not quite certain that.our objections to his 

statements are always fully justified. The main point, however, is that he holds to 

Raphistoma as a good genus. According to our views he should have gone a step 

farther and removed the genus entirely from the Pleurotomariidw. The absence of 

a true slit-band alone seems to us fatal to a reference of Baphistoma to that family, 

and it is surely so when coupled with the rather obvious relations in which the 

genus stands with Eccyliopterus and Eccyliomphalus on the one hand and Helictoma 

on the other. Still, we are inclined to believe that Koken has overestimated the 

closeness of the line of the development which he seeks to establish between 

Raphistoma and Eccyliopterus. 

Koken's observations are based chiefly upon European specimens which he has 

identified with Raphistoma in accordance, as he believes, with Hall's description of 

the genus in the first paleontological volume of the New York Survey. He starts 

with Schlotheim's Euomphalus qualteriatus which he regards as the European 

representative of our R. staminea. Considering the great variety of shells that have 

been referred to the species qualteriatus, it is to be regretted that Koke~ did not 

'North Amer. Geol. and Pal., p. 421,1889. 

tN. Jahrb. f. Mineralogie, eto., Beilagebd. vi, p. 315. 
*It is customary to cite Mac/urea stl;iata Emmons. as the type of Rap7.istuJll(( .• prol.HtlJly lJeCfLUSe t.he description of 11mt 

speCies is the first to follow the generic description. lerom Hall's remarks under R SWmil1etL (op. cit .. p.29) it is (lllite uvident 
that this is a mistake, for he says distinctly that .. t]le generic chn,racter" was but "obscurely indicated upon" t.11e otl";ot(I. 
Besides, neither Emmous nor Hall J"efer to the character in their descriptions of the species. while tile latter is very particu
lar in showing its presence in R. staminea and R. plallistr'ia, going so far even as to nse a wood-cut uecanse it was not Sll tll
ciently brought out on the plate. 
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publish good figures of the form that alone is entitled to bear the name. Under the 

circumstances we are unable to decide whether it is a true Raphistoma. But we 

will concede for the present that it is. The second species is a new one which he 

calls R. schmidti and compares with the American R. striatum. This strikes us as 

not a true Raphistoma, the strirn upon the upper sides of the whorls curving back

ward too strongly and being neither interrupted nor sigmoidally curved. The figure 

(op. cit., pI. XI, fig. 7) represents the shell as preserved on the inner volutions only, 

but a small peripheral rim or "collar" is rather distinctly indicated so, that the 

species may be an undeveloped and closely coiled Eccyliopterus or an unusual type 

of Helicotoma. The remaining species constituting the supposed phylum (Euomphalus 

rnarginale Eichwald, Raphistoma spirillum Koken, Pleurotomaria replicata Lindstrom, 

and Eccyliopterus alatus Roemer, sp.) are doubtless all good species of Eccyliopterus 

and not Raphistorna at all. 
In constructing the line Koken seems to assume that the other characters are 

equal, and then to depend upon the gradual sinking of the spire and on the increas

ing freedom of the whorls. N either of these conditions, however, appears to us of 

material consequence in the cage, both pertaining strictly to the Eccyliopterus end of 

the line and neither occurring ever in any true Raphistoma. Further, we doubt very 

much that Raphistoma and Eccyliopterus represent different stages of one and the 

same line of development, nor have we met with any evidence that might cause us 

to believe that the distinction between the two is ever likely to become arbitrary 

or artificial (" eine kLtnstliche"). Finally, according to our opinion, the validity of 

Eccylioptents will be determined not so much by its relations to Raphistoma as by its 

connection with Ophileta and Helicotoma and possibly Eccyliomphalus.* 

We find that Eccyliopterus is very closely related to the latter genera, only one 

so far constant peculiarity separating it in either case. The feature alluded to is 

the prominent thin plate into which the notch-keel is produced and which 

surmounts the top of the whorls like a high "collar." On seeing a shell like the 

Calciferous Eccyliomphalus volutatus Whitfield, which, from a careful study of a 

series of specimens recently sent us by Prof. H. M. Seely, we have determined to be 

a true Eccyliopterus, the first impression would naturally be that the genus is a very 

near relation to Eccyliornphalus. And so it may be, yet, if for a moment we leave 

out of sight the fact that its whorls are widely disconnected, and consider only the 

other characters, it will soon become obvious that the balance of agreements lies on 

the side of Ophileta rather than Eccyliomphalus. The whorls of E. volutatus are 

flattened on the lower side, although casts of the interior are rounded here, the shell 
. . * When we say Eccyliomphatu8 we are to be llnder3tood as referring to shells of the type E. intortus and canadensis of 

Billings and E. und"latm Hall, which with other species form a distinct and natnral group that it is presumed will inclnde 
also Portlock's original types of the genus. At any rate, they are so nearly like them that, without more certain knowledge 
respecting Portlock's species, it is not safe to sepa.rate them. 
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being thickened at the outer and inner corners. This agrees with Ophileta, as does 

also the form of the aperture, and the course of the lines of growth. Finally, the 

position and character of the" collar 11 is certainly much more like the notch-keel of 

Ophileta than the more obtuse keel or angulation which marks the position of the 

rather broad and more shallow upper sinus in Eccyliomphalus. 

Loosely coiled or disconnected whorls we do not consider as an essential 

characteristic of Eccyliopterus. All the species mi:1y perhaps exhibit a proneness to 

assume such a condition but it is certainly not very apparent in any of the American 

species. Of the latter, E. volutatus Whitfield sp., (see plate LXXIV) is the only one 

known to us having all the whorls separate, and it is doubtless closely related to the 

European E. alatus Roemer sp., the type of the genus. Then we have E. triangulus Whit

field sp., also from the Calciferous at Providence island and Fort Cassin, Vermont, 

which is exceedingly like the Swedish E. replicata Lindstriim sp., especially when it has 

the inner whorls in contact. The next species, our E. beloitensis, is from the Stones 

River group. It, like the preceding, has a representative in Europe, being apparently 

very similar to E. rnarginalis Eichwald sp. All the whorls are in contact in this 

species excepting occasionally the apertural portion in old examples. The fourth 

American species is the Ophileta ottawaensis of Billings, from the Trenton of Canada, 

while the fifth and, so far as known, the last is the Oph£leta owen ana of Meek and 

Worthen, casts of which are not uncommon in the Trenton group of Minnesota and 

. Illinois. In both the whorls are al ways in contact. From the foregoing statements 

it is evident that, in the development of the genus from the Calciferous on, the 

evolute or free character of the whorls became gradually less and finally was lost 

entirely. All the other characters, however, are maintained with rare persistency. 

If Eccyliopterus and Raphistoma are sections of the same line of development, 

then the evidence of their geological distribution indicates the former as the parent 

stock and not the latter, since Raphistoma occurs so far as known first in the Chazy 

when Eccylioptel'us, which enjoyed ib,; greatest development in the Calciferous 

formation, had already begun its decline. We do not wish to deny that much may 

he said in favor of such a derivation of Raphistoma, still we are confident that the 

modifications required are more difficult to prove and altogether less rational than 

in the view which derives the genus from Rapltistomina. Billings has described a 

number of low-spired Calciferous and Quebec species alllong which we expect to 

find links connecting the last genus with the Chazy Retplt istoma. His Pleurotomal'ia 

hortensia and Pl. hal'pya promise the required conditions. 

In Raphistorna the spire of the upper side varies frolll flat to gently convex, but 

so far as we have obilerved, it is never sunken; the keel forms the periphecy and is 

directed outward instead of upward; the umbilicus is always smaller, and the section 
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of the whorls consequently different; finally, there is always an interruption or 

peculiar bend in the backward sweep 'of the surface strirn on the flat upper side of 

the whorls, the like of which we have never seen in any Eccyliopterus. The last 

peculiarity we have observed in only three other groups of species that have been 

referred to the Pleurotomariid(f, namely, the Upper Silurian Euomphalopterus, 

Roemer, a good genus that will include the majority if not all of Lindstrom's section 

aZatcc of Pleurotomaria; our Raphistomina, founded upon Lower Silurian shells of the 

type of Rapliistont(( lapicida Salter; and our Omospira, which differs from Raphistoma 

chiefly in forming a high spire and in having much less angular whorls. 

For the present we must take a decided stand against the view held by many 

paleontologists and definitely expressed by Koken (op. cit., p. 315) that the develop

mental series in which Raphistoma was continued ended in unquestionable pleuroto

marians. On the contrary so far as our observation permits of judgment, Raphistoma 

is a sharply limited type, in no case taking on pleurotomarian characters, and one 

that is entirely restricted in its geological range to the rocks lying beneath the base 

of the Upper Silurian. As may be seen from our R. richmondense, which is from 

the uppermost division of the Cincinnati period and the most recent species of the 

genus known, the generic type underwent exceedingly little modification from 

the first to the last. Nor have the changes been in any respect toward the 

Pleurotomariid(l'. We admit, however, that a more complete knowledge of the 

Calciferous Gastropoda is necessary before it will be possible to reach perfectly. 

satisfactory conclusions respecting the origin and development of Raphistomina and 

Raphistorna and their true relations to the equally ancient euomphaloid and 

pleurotomarian genera Eccyliopterus and Helicotoma, and Liospira, b'uconia, Eotomaria 

and Lophospira. All these genera represent, in a measure, contemporaneous lines 

of development, often exhibiting very nearly parallel, or at any rate similar, series 

of modifications. But this does not necessarily imply that they pass into each other, 

not that there is any very close relationship amongst them. They may have merely 

given expression to characteristics and tendencies which they inherited in common 

from a remote ancestor. 

If genetic relations exist between the Raphistomidce and Pleurotumariidce, and 

this is a condition that we believe will some day be demonstrated, then the faint 

sinus III the outer part of the upper lip may prove to be an undeveloped or incipient 

representation of the much narrower and deeper apertural notch of the early 

pleurotomarians. In that case Koken's view of the carina of Euomphalopterus 

(op. cit., page 318) which he gives in opposition to Lindstrom, who regards it as 

homologous with the slit-band of the Pleurotomariidce, would be correct in so far as 

the shells are concerned which we regard as Pleurotomariidce. But he is certainly 
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in error when he denies homology between the carina of the group of Pl. alata (i. e. 

Euomplalopterus) and of Raphistoma and Raphistomina on the one hand, and the 

"collar" of Eccyliopterus on the other. On later pages of his valuable work (438,429) 

Roken compares the genus Euomphalopterus with Delphinula and particularly with 

the so-called Solarium caillaudianum of d'Orbigny, a Mesozoic shell. The agreement 

of the latter with E. alatus is exceedingly close, and we are quite willing to admit 

the justice of his comparisons because they accord so well with our view that the 

Trochidce and Onustidce were derived, like Euomphaloptel'us, from descendants of 
Raphistomina. 

In his most exemplary work on the "Silurian Gastropoda of Gotland" Lindstri)m 

describes and most beautifully illustrates a large number of shells which he refers to 

Trochus. A comparison of the figures, excepting T. pro.fitnclus and T. cavus, is 

calculated to give the impression that the whole assemblage represents numerous 

and very diverse specific modifications of a single generic type. And yet it is 

possible to pick out several groups that may be brought into very plausible connec

tion with widely different Lower Silurian types. Thus, the group of which T. 
'lundgreni is the central form, with T. astr((l~formis and perhaps T. stuxbergi and T. 

gothlandicus on one side and T. incisus on the other, we regard with much confidence 

as derived from Raphistominaj T. wisbyensis, T. lamellosus, T . ./1tlminatus and T. dalli 

remind one in all respects, excepting that their apertures are more oblique, of some of 

the smaller species of Trochonema figured in this work; finally we are so greatly 

impressed with the similarity between T. mollis and our Cyclonema transversum, 

that we can scarcely concede that they are not genetically related. 

Now, with respect to these Gothlandic Trochus-like shells, the closeness of the 

resemblance existing between them may be explained in two different ways. The 

first, starting from the almost demonstrable assumption that the Trochidcc and 

Turbinidce have been derived from an early type of Raphistomina, considers them as a 

great display of varietal or specific modifications of a single type, the varieties 

severally taking on more or less of the distinctive features of previously established 

lines that had their origin in the same ancestral stock. According to the second 

explanation the groups of species mentioned in the preceding paragraph are actual 

descendants respectively of Raphistomina, Trochonema and Cyclonema, which, because 

they lived under the same conditions, or for some other unknown cause, assumed 

similar characters with their neighbors, the gradual con vergence of characteristics re

sultingin a series of forms t~at to many may seem almost inseparable. Both of these 

explanations are theoretically correct, and although we are inclined to accept the 

second as the most rational, it is not at all improbable that the truth lies between 

them. 
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RAPHISTOMA, Hall. 

Raphistoma, HALL, 1847, Pal. New York, vol. i, p. 28. 
Raphistoma (part.) and Pleurotomaria (part.), of many authors. 

[Raphlstoma. 

For the generic characters and a full discussion of the relations of this genus 

the reader is referred to the preceding remarks on the family. (See pages 931, 934.) 

Of the nineteen species referred to this genus in the last edition of Miller's 

catalogue, perhaps only R. stamineum and R. planistria, with its variety parvum, 

really belong here. The majority of the remainder must be classed as doubtful, 

since we do not know whether they have a slit-band or not. Some may belong to 

Raphist01nina, as does R. lapicida Salter, or to Liospira, as do R. americanam Billings sp. 

(= lenticulare Emmons) and R. subtilistriatum Hall sp. R. niagarense Whitfield 

certainly is not a Raphistoma. It seems to be congeneric with Meek and Worthen's 

Platyostoma trigonostoma. Two good species of the genus were described by Billings 

as Pleurotomaria calyx and Pl. crevieri, both from the Canadian Chazy. To these we 

add the two following new species. 

RAPHISTOMA PERACUTUM, n. sp. 

PLATE LXVIII, FIGS. 1-6. 

Shell small, not known to exceed 12 mm. in diameter, consisting of three or 

three and one-half whorls, fiat above, rounded below; periphery very sharp and thin; 

umbilicus equalling a little more than a fourth of the greatest diameter, its edge 

narrowly rounded; hight of shell very slightly exceeding a fourth of the width. 

Surface marked on the fiat upper side with very fine subequal strim sweeping on 

the whole rather strongly backward from the suture. About a third of the width 

of a whorl from the suture the strim are interrupted by a delicate revolving line. 

Between the latter and the extreme edge of the peripheral carina the strim make a 

distinct sigmoid curve. Below the periphery the surface is marked with similar 

strim, which, in descending, curve first forward and then almost directly toward the 

center of the umbilicus. 
In this species the hight is relatively less, and the peripheral edge consequently 

thinner, than in any previously described species of this genus. It is the only 

gastropod known to us as occurring in the Lower Silurian rocks of Minnesota 

having a perfectly fiat spire. 

Formation ancllocality.-Black River group, Ctenodonta bed, Goodhue county, Minnesota. Rather 
rare. 

Gollections.-E. O. Ulrich; W. H. 8cofield. 
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RAPHISTOMA RICHMONDENSIS, n. sp. (Ulrich. 

PLATE LXVIII, FIGS. 7-0. 

Shell 15 to 20 mm. in diameter, the spire almost flat, the hight between one

third and two-sevenths of the width; volutions four, very slightly convex on the 

upper side, i. e. within the outer edge which forms a thin elevated rim; umbilicus 

very small in casts, apparently closed in shells. Surface strial fine and subequal on 

upper side, making the usual sigmoid curve, the change in curves occurring near 

the middle of the whorls. Just before reaching the peripheral rim the strial make 

another short backward turn. Beneath the periphery the strial are more unequal. 

At first they turn forward then more directly inward. 

This species resembles the Chazy R. calyx Billings, but i::; smaller and relatively 

wider. In R. crevieri, of the same author and formation, the edge is blunter, and 

the lines of growth curve more strongly forward beneath it. R. peracutum has an 

umbilicus and differs in several other respects. A very similar species, differing 

only in that it has a small umbilicus, occurs in the Stones River group in Tennessee. 

Formation and locality.-Ricbmond group, Ricbmond, Indiana. Gooel specimens rare. 

Gollection.-E. O. Ulricb. 

Genus RAPHISTOMINA, n. gen. 

Raphistoma (part.) and Plew'otomaria (part.), of autbors. 

For generic characters and general remarks see pages 932 and 934 to 939. 

As species of this genus are generally confounded with Raphistoma, it may be 

well to repeat the peculiarities upon which we base our separation. In RapMstoma 

the lines of growth on the lower side, which of course correspond with the outline 

of the lower lip, curve forward more or less strongly from from the peripheral edge. 

The outer half and more of the under lip therefore is convex, whereas in Raphistomina 

the corresponding portion is always concave. In species like Raphistomina laurentina 

Billings sp., this concavity is decided and extends over the whole anterior outline of 

lower lip. On the upper side of the whorls the strire curve backward again in 

Raphistoma just before reaching the peripheral edge. This, together with the 

forward curve immediately beneath the edge, produces a small notch in the outer 

angle of the aperture. In Raphistomina, on the contrary, there is no notch, the 

angle being either rectangular or turned slightly forward, in some cases forming a 

beak-like projection. Comparing the upper and lower lips we find that in Raphistoma 

their outlines do not correspond, the lower being more prominent and simply convex 

in the outer two-thirds where the upper forms a sigmoid curve. In Rophistomina, 

however, the anterior outlines of the two lips are either equal, or the lower is more 
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RAPHISTOMA RICHMONDENSIS, n. sp. (Ulrich. 

PLATE LXVIII, FIGS. 7-0. 

Shell 15 to 20 mm. in diameter, the spire almost flat, the hight between one

third and two-sevenths of the width; volutions four, very slightly convex on the 

upper side, i. e. within the outer edge which forms a thin elevated rim; umbilicus 

very small in casts, apparently closed in shells. Surface strim fine and subequal on 

upper side, making the usual sigmoid curve, the change in curves occurring near 

the middle of the whorls. Just before reaching the peripheral rim the strim make 

another short backward turn. Beneath the periphery the strim are more unequal. 
At first they turn forward then more directly inward. 

This species resembles the Chazy R. calyx Billings, but i8 smaller and relatively 

wider. In R. crevieri, of the same author and formation, the edge is blunter, and 

the lines of growth curve more strongly forward beneath it. R. perncuturn has an 

umbilicus and differs in several other respects. A very similar species, differing 

only in that it has a small umbilicus, occurs in the Stones River group in Tennessee. 

Formation and locality.-Ricbmond group, Ricbmond, Indiana. Good specimens rare. 

Gollection.-E. O. Ulricb. 

Genus RAPHISTOMINA, n. gen. 

Raphistoma (part.) and Pleul'otomaria (part.), of autbors. 

For generic characters and general remarks see pages 932 and 934 to 939. 

As species of this genus are generally confounded with Raphistoma, it may be 

well to repeat the peculiarities upon which we base our separation. In RapMstoma 

the lines of growth on the lower side, which of course correspond with the outline 

of the lower lip, curve forward more or less strongly from from the peripheral edge. 

The outer half and more of the under lip therefore is convex, whereas in Raphistomina 

the corresponding portion is always concave. In species like Raphistomina laurentina 

Billings sp., this concavity is decided and extends over the whole anterior outline of 

lower lip. On the upper side of the whorls the strim curve backward again in 

Raphistoma just before reaching the peripheral edge. This, together with the 

forward curve immediately beneath the edge, produces a small notch in the outer 

angle of the aperture. In Raphistomina, on the contrary, there is no notch, the 

angle being either rectangular or turned slightly forward, in some cases forming a 

beak-like projection. Comparing the upper and lower lips we find that in Raphistoma 

their outlines do not correspond, the lower being more prominent and simply convex 

in the outer two-thirds where the upper forms a sigmoid curve. In Raphist01nina, 

however, the anterior outlines of the two lips are either equal, or the lower is more 
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concave, the amount and extent of the sinuate portion varying with the species. 

Finally, the upper side of the shell is apparently never quite flat in Raphistomina, 

while this is generally the case in Raphistoma. 

The shells of Raphistomina remind one in a general way very greatly of those of 

our new pleurotomarian genera Liospira and Eotomaria. Still, when the surface 

markings are preserved, no one is likely to have much trouble in separating them. 

A glance should be sufficient for those accustomed to handling fossil gastropods. 

The principal difference between these genera is that while Raphistomina has no 

slit-band, both of the other genera have, Liospira having it directly at the peripheral 

edge and Eotomaria immediately above it. 

Besides the four species figured in this work, three of which are new, we have 

only one other species, Pleurotomaria laurentina Billings, which we can place here 

with certainty. However, we can scarcely doubt that some of the lenticular shells 

which, because they are insufficiently known, we must provisionally leave as 

doubtful forms of Pleurotmnaria and Raphistoma, will eventually prove to belong to 

this genus. 

RAPHISTOMINA LAPICIDA Salter. 

PLATE LXVIII. FIGS. 18-20. 

Raphistoma lapicicla SALTER, 1859, Oan. Org. Rem., Decade 1, p. 12. 

Shell discoidal, nearly equally convex above and beneath the acute peripheral 

carina, usually about 25 mm. in diameter and but little more than half as high. 

Umbilicus deep, rather narrow, not abrupt, its width equalling about a fifth of the 

diameter of the shell. Volutions about four, gently convex on both the upper and 

lower sides except near the peripheral carina, where, especially upon the upper side, 

the surface is rather distinctly concave. Excepting the last whorl, which sometimes 

descends a little beneath the edge of the preceding, the spire slopes with very little 

interruption at the sutures. The lines of growth are as usual somewhat stronger 

below than above. As a rule they are irregular and unequal. On the upper side 

they are turned backward from the suture but not very strongly, nor is the sigmoid 

curve which they make a conspicuous feature. Still, the retral sweep is sufficiently 

overcome in the concave region near the edge to cause them to intersect the latter 

at nearly a right angle. On the lower side their course from the edge to the umbil

ical cavity is nearly a straight line, a slight anterior curve just before they descend 

into the umbilicus causing a faint sinus in the outer half. Aperture transverse, 

acutely ovate, the outer extremity or angle turned slightly forward in a view from 
below. Inner lip curved, slightly reflexed. 
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concave, the amount and extent of the sinuate portion varying with the species. 

Finally, the upper side of the shell is apparently never quite flat in Raphistomina, 

while this is generally the case in Raphistoma. 

The shells of Raphistomina remind one in a general way very greatly of those of 

our new pleurotomarian genera Liospira and Eotomaria. Still, when the surface 

markings are preserved, no one is likely to have much trouble in separating them. 

A glance should be sufficient for those accustomed to handling fossil gastropods. 

The principal difference between these genera is that while Raphistomina has no 

slit-band, both of the other genera have, Liospira having it directly at the peripheral 

edge and Eotomario immediately above it. 

Besides the four species figured in this work, three of which are new, we have 

only one other species, Pleurotomarill laurentina Billings, which we can place here 

with certainty. However, we can scarcely doubt that some of the lenticular shells 

which, because they are insufficiently known, we must provisionally leave as 

doubtful forms of Pleurotomllria and Raphistorna, will eventually prove to belong to 

this genus. 

RAPHISTOMINA LAPICIDA Salter. 

PLATE LX V III. FIGS. 18-20. 

Raphistoma lapicicZa SALTER, 1859, Oan. Org. Rem., Decade 1, p. 12. 

Shell discoidal, nearly equally convex above and beneath the acute peripheral 

carina, usually about 25 mm. in diameter and but little more than half as high. 

Umbilicus deep, rather narrow, not abrupt, its width equalling about a fifth of the 

diameter of the shell. Volutions about four, gently convex on both the upper and 

lower sides except near the peripheral carina, where, especially upon the upper side, 

the surface is rather distinctly concave. Excepting the last whorl, which sometimes 

descends a little beneath the edge of the preceding, the spire slopes with very little 

interruption at the sutures. The lines of growth are as usual somewhat stronger 

below than above. As a rule they are irregular and unequal. On the upper side 

they are turned backward from the suture but not very strongly, nor is the sigmoid 

curve which they make a conspicuous feature. Still, the retral sweep is sufficiently 

overcome in the concave region near the edge to cause them to intersect the latter 

at nearly a right angle. On the lower side their course from the edge to the umbil

ical cavity is nearly a straight line, a slight anterior curve just before they descend 

into the umbilicus causing a faint sinus in the outer half. Aperture transverse, 

acutely ovate, the outer extremity or angle turned slightly forward in a view from 

below. Inner lip curved, slightly reflexed. 
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The above description is based chiefly upon a number of silicified shells from 

Tennessee which we owe to the kindness of Prof. J. M. Safford. These differ, so far 

as we can see, from the Canadian types of the species only in having the upper side 

of the volutions a trifle more convex. R. laurentina Billings sp., from the Calciferous 

of Canada, is closely related but is readily distinguished by the much deeper and 

wider sinus in the outline of its lower lip. 

Formation and locality.-The original types are from the Black River limestune at Allurnette iRland, 
in the Ottawa river, Canada. The Tennessee specimens come tram an equivalent horizon near Lebanon. 
If the species occurs in Minnesota it will probably be fonnel in the Ctenoclonta bed. 

RAPHISTOMINA DENTICULATA, n. sp. (Ulrick) 

PLATE LXVIII, FIGS. 21-~:J. 

This species is very closely allied to R. lapicida Salter, yet there should be little 

trouble in distinguishing good specimens. Carefully compared we find that in the 

new species the umbilicus is much narrower, the hight of the shell relatively 

greater, the sutures deeper because the edge of the whorls projects somewhat over 

the top of the succeeding volution, the aperture is a little more oblique and the 

periphery of the whorls less acute. Further, there is to be observed, especially on 

casts of the interior, an obscure ridge running parallel with but some distance 

beneath the peripheral carina. Finally, the peripheral edge is minutely toothed, a 

character that does not occur on the even better preserved examples of R. lapicida 

seen by us. At present we know of no other species with which it need be 

compared. 

Formation and locality,-Top of the Black River group, Mercer county, Kentucky. 

Oollection.-E. O. Ulrich. 

RAPHISTOMINA MODESTA, n. sp. t ULrich.) 

PLATE LXV[U. FIGS. 14-17. 

Differs from R. lapicida, which it resembles more closely than any other known, 

III being smaller (12 to 15 mm. in diameter), in having a proportionally smaller 

umbilicus, and in its surface markings. On the upper side, which is also a little 

more depressed, the lines of growth are very faint, while the peripheral edge turns 

rather distinctly upward. On the lower side the lines of growth are likewise 

obscure except in the peripheral half of the last whorl, where they appear as rather 

coarse undulations of which the best specimen has about seven in 5 mm. The 

course of the lines on this side, which of course corresponds with the outline of the 

lower lip, is more convex anteriorly than in R. lapicicla. (Compare figs. 16 and 18 

on plate LXVIII). R. denticulata is a larger shell, has a higher spire and deeper 

sutures. 
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The above description is based chiefly upon a number of silicified shells from 

Tennessee which we owe to the kindness of Prof. J. M. Safford. These differ, so far 

as we can see, from the Canadian types of the species only in having the upper side 

of the volutions a trifle more con vex. R. laurentinrt Billings sp., from the Calciferous 

of Canada, is closely related but is readily distinguished by the much deeper and 

wider sinus in the outline of its lower lip. 

F'm'mation and locality.-The original types are frollJ the Black Rivcr limestune at Allumette island, 
in the Ottawa river, Canada. The Tennessee specimens corne tram an e(1uivalent horizon near Lebanon. 
If the species occurs in Minnesota it will probably be funnel in the Ctenoclonta bed. 

RAPHISTOMINA DENTICULATA, n. sp. (Ulrich) 

PLATE LXVllI, FIGS. 21-~:J. 

This species is very closely allied to R. lapicida Salter, yet there should be little 

trouble in distinguishing good specimens. Carefully compared we find that in the 

new species the umbilicus is much narrower, the hight of the shell relatively 

greater, the sutures deeper because the edge of the whorls projects somewhat over 

the top of the succeeding volution, the aperture is a little more oblique and the 

periphery of the whorls less acute. Further, there is to be observed, especially on 

casts of the interior, an obscure ridge running parallel with but some distance 

beneath the peripheral carina. Finally, the peripheral edge is minutely toothed, a 

character that does not occur on the even better preserved examples of R. lapicida 

seen by us. At present we know of no other species with which it need be 

compared. 

Formation ancl locality.-Top of the Black River group, Mercer county, Kentucky. 

Oollection.-E. O. Ulrich. 

RAPHISTOMINA MODESTA, n. Sp. (Ulrich.) 

PLATE LXVlll, FIGS, 14-17. 

Differs from R. lapicida, which it resembles more closely than any other known, 

III being smaller (12 to 15 mm. in diameter), in having a proportionally smaller 

umbilicus, and in its surface markings. On the upper side, which is also a little 

more depressed, the lines of growth are very faint, while the peripheral edge turns 

rather distinctly upward. On the lower side the lines of growth are likewise 

obscure except in the peripheral half of the last whorl, where they appear as rather 

coarse undulations of which the best specimen has about seven in 5 mm. The 

course of the lines on this side, which of course corresponds with the outline of the 

lower lip, is more convex anteriorly than in R. lapicl:cla. (Compare figs. 16 and 18 

on plate LXVIII). R. denticulata is a larger shell, has a higher spire and deeper 

sutures. 



944 THE PALEONTOLOGY OF MINNESOTA. 
[Raphlstomina rugata. 

Formation and locality.-Lower division of the Stones River group (Safford's Central limestone), 
near Murfreesboro, Tennessee. It is here associated with a broadly umbilicated and much larger species, 
apparently of this genus, of which, unfortunately, we have so far failed to secure satisfactory examples. 
Several other discoidal shells occur at this locality rendering great caution a necessity in discriminating 
between them. 

Collcctioil.-E. O. Ulrich. 

RAPHISTOMINA RUGATA, n. sp. 

PLATE LXVIII, FIGS. 10-13. 

rrhis pretty species differs in at least two respects from all of the foregoing 

species. First, the surface markings are relatively stronger, second, the umbilicus 

is more sharply outlined. As usual the surface markings are faint in the umbilicus 

and near the suture line, and much stronger in the peripheral portion of the shell. 

The umbilicus is rather larger than the average, its diameter equalling about a 

fourth of the entire width of the shell. Another peculiarity is that the upper surface 

of the whorls is almost flat from the but slightly impressed suture line to the edge; 

nor is there more than a barely perceptible concavity beneath the edge. Often the 

whole upper surface of the shell is perfectly flat, giving it more of the usual 

appearance of a Raphistoma than a Raphistomina. The spire is al waYEl lower than in 

any of its congeners, and in no observed case higher than in fig. 12. 

Formation and locality. -Clitambonites bed of the Trenton group at various localities in Goodhue 
county, Minnesota. 

Collections.-E. O. Ulrich; W. H. Scofield. 

Genus OMOSPIRA, n. gen. (Ulrich.) 

MUl'chison·ict (part.), HALL, SAL'l'ER and BILLINGS. 

For generic characters see page 932. 

Weare anything but satisfied respecting the systematic position of this genus. 

If 8calites, Emmons, could be proved to possess the essential characteristics of the 

Raphistomidce, then we would have an undeniable link between Omospira and 

Raphistoma. In the absence of such a link, the general resemblance which Omospira 

bears to certain Pleutotomariidcf, like Hormotoma bellicincta and· Eotomaria elevata, 
gives us not a little trouble to explain away in a convincing manner. Still, there 

are two features about the sinus in the upper lip and the band-like space resulting 

from it in the growth of the shell that are anything but indicative of pleurotomarian 

affinities. First, the great width of the band, and second, the oblique,-perhaps it 

would be better to say the outwardly increasing,-curvature of the lines crossing it. 

In all true Pleurotomariidce the lunuhe or lines crossing the slit-band, providing the 

latter does not lie, as in Liospim micula, partly over the peripheral edge, form a 

uniform curve in passing from one to the opposite border of the band. (See fig. 13, 
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Formation and locality.-Lower division of the Stones River group (Safford's Central limestone), 
near Murfreesboro, Tennessee. It is here associated with a brO'1dly umbilicated and much larger species, 
apparently of this genus, of which, unfortunately, we have so far failed to secure satisfactory examples. 
Several other discoidal ~hells occur at this locality rendering great caution a necessity in discriminating 
between them. 

ColZectiol1.-E. O. Ulrich. 

RAPHISTOMINA RUGATA, n. sp. 

PLATE LXVIII, FIGS. 10-t3. 

'rhis pretty species difiers in at least two respects from all of the foregoing 

species. First, the surface markings are relatively stronger, second, the umbilicus 

is more sharply outlined. As usual the surface markings are faint in the umbilicus 

and near the suture line, and much stronger in the peripheral portion of the shelL 

The umbilicus is rather larger than the average, its diameter equalling about a 

fourth of the entire width of the shell. Another peculiarity is that the upper surface 

of the whorls is almost flat from the but slightly impressed suture line to the edge; 

nor is there more than a barely perceptible concavity beneath the edge. Often the 

whole upper surface of the shell is perfectly flat, giving it more of the usual 

appearance of a Raphistoma than a Raphistomina. The spire is al way8 lower than in 

any of its congeners, and in no observed case higher than in fig. 12. 

Formation and locality.-Clitambonites bed of the Trenton group at various localities in Goodhue 
county, Minnesota. 

CoZZections.-E. O. Ulrich; W. H. Scofield. 

Genus OMOSPIRA, n. gen. (Ulrich.) 

MUl'chison'ia (part.), HALL, SAL'l'ER and BILLINGS. 

For generic characters see page 932. 

We are anything but satisfied respecting the systematic position of this genus. 

If Scalites, Emmons, could be proved to possess the essential characteristics of the 

Raphistomidce, then we would have an undeniable link between Omospira and 

Raphistoma. In the absence of such a link, the general resemblance which Omospira 

bears to certain Pleurotornariidcl!, like Hormotoma bellicincta and' Eotomaria elevata, 

gives us not a little trouble to explain away in a convincing manner. Still, there 

are two features about the sinus in the upper lip and the band-like space resulting 

from it in the growth of the shell that are anything but indicative of pleurotomarian 

affinities. First, the great width of the band, and second, the oblique,-perhaps it 

would be better to say the outwardly increasing,-curvature of the lines crossing it. 

In all true Pleufotomariidce the lunulffi or lines crossing the slit-band, providing the 

latter does not lie, as in Liospim micula, partly over the peripheral edge, form a 

uniform curve in passing from one to the opposite border of the band. (See fig. 13, 
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plate LXIX). As may be seen in fig. 65 on plate LXX, this is not the case in 

Omospira, the lines in this case crossing obliquely and increasing in curvature 

downward. The lines on the band, furthermore, are of the same character as those 

above the band, only curved in the opposite direction, the two portions united 

forming a sigmoid curve as in Raphistomina; and their continuity is interrupted 

when the change in direction occurs by a raised line, as is frequently the case in 

Raphistoma. Is it fair to explain the conditions observed in Omospira by supposing

that they have resulted, first, through the elevation of the spire and the consequent 

reduction of peripheral carina and hightening of the volutious, and second, either 

by a mere approximation toward the prevailing character of the Gastropoda with 

which they are chiefly associated, or by following the more prevalent tendency 

which they, as Raphistomidre, inherited, like the Pleurotomariidw, from their common 

ancestor~ For the present we must confess that we have allowed such theoretical 

reasons as the foregoing to dominate our placement of the genus. 

To whatever position Omospira may be ultimately assigned, the validity of the 

genus is not likely to be seriously affected. If it really belongs to the Raphistomidre, 

then it will stand as a type obviously distinct from the other genera of the family, 

because of its high spire and comparatively rounded volutions. If, on the contrary, 

it proves to be one of the Pleul'otomariidre, then it will be re'adily distinguished by 

the peculiarities of the band mentioned in the preceding paragraph. The high 

position of the band would also serve in the latter association. 

As to the specific representation of the genus, we know of only two species that 

can be referred here positively, namely, the type O. laticincia and Murchisonia 

alexandra Billings (M. ventricosa Salter, not Hall). Possibly Hall's j~. ventricosa also 

belongs here, but Whitfield says it is a Lophospira. 

OMOSPIRA LATICINCT A, n. sp. (Ulrich.) 

PLATE LXX, FIGS. 64 and 65. 

Shell 50-60 mm. high; greatest width about three-fifths of the hight; apical 

angle varying between 49° and 55°, the angle formed by the first three or four 

whorls usually about five degrees more. Volutions about seven in number, obliq aely 

flattened above, ventricose below, their sides almost vertical, the upper turns more 

rounded than the last three. Sometimes the flattened upper portion is more nearly 

horizontal than in the specimen illustrated. Aperture subtriangular, somewhat 

higher than wide, the outer lip thin and curving gradually inward from the shoulder

like upper angle to the narrowly rounded base; inner lip only moderately thick, 

nearly straight, and generally reflexed in its upper part over a minute umbilicus, 
-60 
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plate LXIX). As may be seen in fig. 65 on plate LXX, this is not the case in 

Omospira, the lines in this case crossing obliquely and increasing in curvature 

downward. The lines on the band, furthermore, are of the same character as those 

above the band, only curved in the opposite direction, the two portions united 

forming a sigmoid curve as in Raphistomina; and their continuity is interrupted 

when the change in direction occurs by a raised line, as is frequently the case in 

Raphistoma. Is it fair to explain the conditions observed in Omospim by supposing 

that they have resulted, first, through the elevation of the spire and the consequent 

reduction of periplleral carina and hightening of the volutions, and second, either 

by a mere approximation toward the prevailing character of the Gastropod(t with 

which they are chiefly associated, or by following the more prevalent tendency 

which they, as Raphistomidce, inherited, like the Pleurotomariid((;, from their common 

ancestod For the present we must confess that we have allowed such theoretical 

reasons as the foregoing to dominate our placement of the genus. 

To whatever position Omospira may be ultimately assigned, the validity of the 

genus is not likely to be seriously affected. If it really belongs to the Raphistomidce, 

then it will stand as a type obviously distinct from the other genera of the family, 

because of its high spire and comparatively rounded volutions. If, on the contrary, 

it proves to be one of the Pleurotomariidre, then it will be re'adily distinguished by 

the peculiarities of the band mentioned in the preceding paragraph. The high 

position of the band would also serve in the latter association. 

As to the specific representation of the genus, we know of only two species that 

can be referred here positively, namely, the type O. laticincta and MUl'chisonia 

alexandra Billings (M. ventricosa Salter, not Hall). Possibly Hall's M~. ventricosa also 

belongs here, but Whitfield says it is a Lophospira. 

OMOSPIRA LATICINCTA, n. sp. (Ulrich.) 

PLATE LXX, FIGS. 6i and 65. 

Shell 50-60 mm. high; greatest width about three-fifths of the hight; apical 

angle varying between 49° and 55°, the angle formed by the first three or four 

whorls usually about five degrees more. Volutions about seven in number, obliq aely 

flattened above, ventricose below, their sides almost vertical, the upper turns more 

rounded than the last three. Sometimes the flattened upper portion is more nearly 

horizontal than in the specimen illustrated. Aperture subtriangular, somewhat 

higher than wide, the outer lip thin and curving gradually inward from the shoulder

like upper angle to the narrowly rounded base; inner lip only moderately thick, 

nearly straight, and generally reflexed in its upper part over a minute umbilicus, 

-60 
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more or less completely closing the latter in all save one of the specimens before 

us. Surface marked with fine, regular, equal, raised lines of growth. These curve 

rather strongly backward on the flattened upper portion of the whorls until they 

approach the shoulder-like angulation, when they turn sharply forward. About 

midway between the suture line and the outer angle, the growth lines are interrupted 

by a sharply elevated revolving line, causing the outer half of the upper slope to 

resemble an unusually wide slit-band. Beneath the angle the lines descend with a 

gentle forward curve to the base of the whorl. 
This fine species is readily distinguished from O. alexandra Billings sp., by its 

higher and more angular whorls. 

Formation and locality.-Top of Stones River group or base of the Black River group, near Leb
anon, Tennessee. 

Collections.-Prof. J. M. Safford; E. O. Ulrich. 

OMOSPIRA ALEXANDRA Billings. 

PLATE LXX, FIGS. 66 and 67. 

MUTchisonia ventricosa SALTER, 1859, Can. Org. Rem., Decade 1, p. 23. (Not MUTchisonia ventricosa 
Hall, 1847. 

MUl'chisonia alexandra BILLINGS, 1865, PaL Foss., vol. i, p. 172. 

This species has tfie same general characteristics as the preceding, yet may be 

distinguished at once by its more depressed and mo:re rounded volutions. Its apical 

angle also is narrower, being between 40° and 45°, while the aperture is more 

rounded. There is not a sign of an umbilical perforation. 

The cast of the interior figured as possibly of this species may in reality belong 

to something quite different. At any rate, it is the only fossil from the north

western states which we could say probably represents this species. 

Formation and locality.-Base of the Trenton group or at the top of the Black River group, in 
Mereer county, Kentucky. The types are trom the latter horizon at Allumette island in tbe Ottawa river, 
Canada. 

Collection.-E. O. Ulrich. 

Family PLEUROTOMARIID£, d'Orbigny. 

This large and most important family of fossil shells has given systematists not 

a little trouble to classify. The grea,t number and variety of the species has 

occasioned many attempts to arrange them in convenient generic and subgeneric 

groups, sometimes happily, but in most cases the result proved neither convenient 

nor successfully defensible when subjected to the test of genetic relationship. As 

usual many of the subdivisions as drawn by authors were necessarily wrecked 

through the prevailing ignorance concerning the structural pecuiiarities and lines 

of development exhibited by the Paleozoic types, the early Paleozoic especially. 
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more or less completely closing the latter in all save one of the specimens before 

us. Surface marked with fine, regular, equal, raised lines of growth. These curve 

rather strongly backward on the flattened upper portion of the whorls until they 

approach the shoulder-like angulation, when they turn sharply forward. About 

midway between the suture line and the outer angle, the growth lines are interrupted 

by a sharply elevated revolving line, causing the outer half of the upper slope to 

resemble an unusually wide slit-band. Beneath the angle the lines descend with a 

gentle forward curve to the base of the whorl. 

This fine species is readily distinguished from O. alexandra Billings sp., by its 

higher and more angular whorls. 

Formation and locality.-Top of Stones River group or base of the Black River group, near Leb
anon, Tennessee. 

Collections.-Prof. J. M. Safford; E. O. Ulrich. 

OMOSPIRA ALEXANDRA Billings. 

PLATE LXX, FIGS. 66 and 67. 

MI!1'chisOl1ia ventricosa SALTER, 1859, Can. Org. Rem., Decade 1, p. 23. (Not MUl'chisonia ventricosa 
Hall,1847. 

MW'chisol1ia alexandra BILLINGS, 1865, PaL Foss., vol. i, p. 172. 

This species has tfie same general characteristics as the preceding, yet may be 

distinguished at once by its more depressed and mo·re rounded volutions. Its apical 

angle also is narrower, being between 40° and 45°, while the aperture is more 

rounded. There is not a sign of an umbilical perforation. 

The cast of the interior figured as possibly of this species may in reality belong 

to something quite different. At any rate, it is the only fossil from the north

western states which we could say probably represents this species. 

Formation and locality.-Base of the Trenton group or at the top of the Black River group, in 
Merter county, Kentucky. The types are tram the latter horizon at Allumette island in tbe Ottawa river, 
Canada. 

Oollection.-E. O. Ulrich. 

Family PLEUROTOMARIIDlE, d'Orbigny. 
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groups, sometimes happily, but in most cases the result proved neither convenient 

nor successfully defensible when subjected to the test of genetic relationship. As 

usual many of the subdivisions as drawn by authors were necessarily wrecked 

through the prevailing ignorance concerning the structural pecuiiarities and lines 

of development exhibited by the Paleozoic types, the early Paleozoic especially. 
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Each year the absolute necessity of extending our systematic paleontological studies 

backward as far as possible becomes more and more obvious. The rapid changes 

which took place among the early representatives of all classes of animals and the 

consequent relative ease with which the lines of evolution may be traced, gives 

them an importance in biology that is scarcely to be overestimated. For the 

Gastropoda the Lower Silurian species, because the class is but sparingly represented 

in the Cambrian, are the most likely to throw light upon the genetic relations of the 

succeeding forms, and are therefore deserving of the most careful investigation. 

Concerning the Pleurotomariidce, the facts brought out in an extended study, of the 

Paleozoic species chiefly, have led us to conclusions that, while not greatly different 

from those published by Koken, who has adopted methods more nearly in accordance 

with our own than any previous observer, are still sufficiently original to cause 

great changes in the views and nomenclature heretofore in vogue. We have gone 

into the subject more extensively than the present work demanded or perhaps even 

justified, but the knowledge gained, if it cannot all bear fruit immediately, is still 

not in vain, since it will doubtless prove of use in our future work. We have most 

carefully considered the published papers of authors who have dealt with Paleozoic 

Pleurotomariidce, ;>articularly those of De K oninck, Sand berger, Lindstrom, (Ehlert 

and Koken, and it would please us greatly to enter into a detailed account of their 

various views. But as this would require more space than we have at our disposal 

and would moreover be out of place in a work of this kind, we are obliged to post

pone it to some more fitting occasion. Incidentally, however, we shall frequently 

refer to them, especially when our opinions bappen to differ. 

We believe it is admitted generally that the essential feature of the Pleuro

tomariidce, and the peculiarity relied upon chiefly in distingui~hing the family from 

other spiral shells, excepting of course the symmetrically enrolled bellerophontids 

and certain Euomphalalidre, Fissurellidw, Turritellidcp and Cerithiid(l!, is a definitely 

limited narrow band, terminating anteriorly in the bottom of a more or less deep 

sinus of the outer lip merely, or in a long, open and sometimes periodically closed 

slit. The long parallel-edged slit occurs, as far as known to us, in but two Lower 

Silurian species (Schizolopha of this work), and is comparatively rare among the 

Upper Silurian and Devonian forms; but with the Carboniferous species it is common, 

while among the more recent forms it is nearly always present. 

Of all the characters of the family, the pecuharities of the slit and band furnish 

us with the most reliable grounds upon which to base our generic divisions. Accord

ing to these the family might be divided primarily into two principal groups, the 

first having a sinus only in the outer lip, the second a long parallel-sided slit or a 

series of openings. These groups are again divisible, according to the character of 
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the slit-band, each into two similar groups, one having the band convex, the other 

concave. Such an arrangement might at first appear convenient, yet a careful 

study will soon reveal that it wonld be quite arbitrary, therefore unnatural, and in 

the end not even convenient. This is so obvious that it is quite unnecessary to cite 

proving instances. Still, there is an element of truth in the first of these suggested 

divisions, for it would separate what we may call the archaic from the more recent 

stages in the development of the family. 

We have already referred to the almost total absence in the Lower Silurian 

Plellrotomariidce of the long parallel-edged slit which occurs so generally among the 

more recent types of the family. This difference has not received the attention 

from paleontologists that it deserves, for surely it must indicate a structural 

difference in the animals. Lindstrom barely alludes to it, while Koken, much to our 

surprise, takes no notice of it whatever. Unfortunately, the presence or absence of 

the slit is not positively determinable except when the aperture is entirely preserved, 

the band behind the slit presenting, so far as we can say, no evidence that might 

lead the observer to suspect either the one or the other condition. 

The slit which should be carefully distinguished from the apertural notch, which 

is more or less widely V -shaped and does not extend backward any farther than the 

bottom of the sinus formed by the lines of growth, seems to be a later phase in the 

evolution of the majority of the lines of development that can be traced from the 

Lower Silurian into subsequent periods. Its development appears to be the result 

of a tendency to which the whole family, rather than any particular generic line, is 

subject. As we have already said it is almost entirely absent in the Lower Silurian 

Pleurotornariid(e, in the majority of which the lines of growth, and, therefore, the 

outer edges of the lip, sweep backward toward the band more strongly than in the 

prevailing types of subsequent ages. We might then assume that the slit was 

represented in those ancient times by a deep notch, and that the presence of the 

latter in many Devonian and Carboniferous forms is merely a retention of a primor

dial character after its real cause or purpose had been removed or satisfied by the 

development of a long slit. However, before such a view can be accepted we must 

account for the extreme shallowness of the apertural sinus in such slit-less species 

as are comprised in the Bicincta section of Lophospira, which, as far as our present 

knowledge goes, existed in numerous species from the Chazy to the close of the 

Upper Silurian. Now, Shizolopha textilis, which has a long slit, was almost 

certainly developed from some member of the Bicincta section, so that the suggested 

explanation of the developmeut of the slit cannot apply here and is rendered highly 
improbable in any case. 
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In one group of Pleurotomariidce, i. e. Hormotoma, ~e have good evidence showing 

. a gradual development of the slit. In all the Lower and Upper Silurian species of 

this genus a deep V-shaped apertural notch is present, but no slit. In, however, what 

we consider to be Devonian representatives of the same type of shell (e. g. Murchi

sonia desiderata and maia Hall) we observe that the bottom of the notch is prolonged 

into a short slit, but the backward sweep of the edges of the outer lip forming the 

notch is quite as pronounced as in the earlier species which have no slit. From 

this and the preceding case, therefore, it is evident that the slit did not take the 

place of a deep notch but that it is really an additional and distinct feature. 

The length of the slit varies greatly in different members of the family. On the 

whole the length is considerably greater in Mezozoic than in Paleozoic species. In 

the latter the length has no~ been observed to exceed three-eighths of the circum

ference of the last whorl. In the Devonian Pl. sulcomarginata it is about one-fourth, 

likewise in the Pl. turbiniformis group (Euconospira), the Pl. tabulata or Worthenia 

group and the majority of the Carboniferous species. In Schizolopha it is a trifle 

longer, while in the Niagara Pl. labrosa group (Phanerotrema Fischer) it equals about 

one-third. In Pl. sphcerulata it is about one-seventh, and in Murchisonia maia Hall 

not over an eighth, while in the Pl. carbonaria group it is even shorter and possibly 

absent entirely. Among Mesozoic and more recent forms, particularly Leptomaria 

and Ghelotia, the length often exceeds one-half and may reach fully two-thirds 

of the last whorl. It is interesting to note that, as far as we now know, the 

slit which furthermore seems to have been developed almost suddenly, is longer 

in the earliest species known to possess one than in any of the later Paleozoic 

forms. 
The band which is left behind by the gradual closing of the slit presents 

considerable variety in position and structure. As a rule, especially among 

Paleozoic species, it lies on the peripheral part of the whorls. When the volutions 

are angular it commonly forms the summit of the principal angle, as in LOp/lOspira 

and Worthenia. In conical shells, like those of the group of Pl. turbin{lormis, it forms 

a narrow vertical band at the extreme periphery of the whorls. In other conical 

shells, like Pl. etna Billings, it lies at the base of the flat slope, the lower edge of the 

band in such cases forming the periphery. In certain Mesozoic and recent types 

(Pyrgotrochus, Perotrochus and Entemnotrochus of Fischer) in which the shell is 

similarly oonical, the band lies considerably above the angular periphery, but it 

never occupies such a position in any of the angulated Paleozoic types, being in 

these placed always very near or entirely upon the angle. Occasionally, as in the 

Carboniferous group of Pl. brazoensis, it lies in a broad peripheral concavity, beneath 

the principal carina. 
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What we conceive -to be the most primitive type of slit-band occurs in the 

Lower Silurian Lophospim. In this genus it occupies, or rather forms, the summit 

of a more or less prominent peripheral ridge, above and beneath which the lines of 

growth curve backward in directions corresponding to the outline of the apertural 

notch. The band itself may be simply a blunt edge, upon which the growth lines 

make their turn; but more commonly it is defined on each side by a delicate raised 

line, which separates the lunulffi of the band from the surface striations. The 

markings of the band are al ways different from that of the rest of the surface, 

being as a rule more regular, while the arched transverse lines or lunulffi may be 

stronger or weaker, and farther apart or closer than the lines of growth either above 

or beneath the band. Occasionally, as in Lophospira tubulosa and L. imbricata 

Lindstrom sp., and our L. notabilis, the lunulffi are widely separated and strongly 

imbricating; sometimes, as in L. bicincta, they are much finer and very closely 

arranged; frequently they consist of simple elevated lines; in other cases they have 

a median excision (Pleurotomaria limata Lindstrom), or they are crossed by one (Pl. 

ohioensis James) or two (Pl. scutulata Lindstrom) median lines; or the central line 

may be developed into a thin undulating plate (Lophospira serrulata Salter sp.) or 

into a row of nodes (Pl. [Worthenia] tabulata Conrad). In sbort, the marking of 

the band in the members of the family is of great variety, but as a rule we cannot 

say that the various types are of much assistance in determining tbe generic or 

subgeneric position of the species. 

Although we can already see some possible exceptions, we think that provis

ionally it is advisable to regard species having a concave band as generically 

distinctfrom those in which the band is convex. We have very carefully examined 

a large number of species, and so far tbe separation on this difference has resulted 

in a very much more satisfactory classification than any we have yet had. Consid

ering the form of the band, as far as its being concave or flat on the one hand and 

more or less convex on the other is concerned, as a leading test of relationship, we 

bring together many forms that have hitherto been separated, while many others 

that had been associated are widely separated. 

As generally understood heretofore, particularly among American and Canadian 

paleontologists, the two principal Paleozoic genera of the family are Pleurotomaria, 

De France, and Murchisonia, d' Archiac and Verneuil, the former embracing the 

species with a low spire and relatively few volutions, the latter those forming a 

high shell of numerous whorls. As viewed by us this broad separation or arrange

ment of the species according to the hight of the spire results in a most artificial 

classification, since it causes the separation of shells that comparative studies prove 

to be closely related genetically, while others are associated that have only very 
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remote affinities for each other.* Besides it leaves a large number of intermediate 

forms which may be placed with equal propriety into either genus. But this i~ not 

all, for we believe with other authors that, as now constituted, these genera embrace 

material more than sufficiently various to admit of defining a comparatively large 

number of valid generic groups,-valid in the sense that they are relatively as 

important groups of species as are ordinarily considered to be of generic value. 

Now,. what are the characters upon which we propose to base these genera~ 

First, upon the presence or absence and relative length of a true slit, as distinguished 

from a mere apertural notch; second, the characters of the slit-band, among which 

its outline, as exhibited in transverse section, is the most important; third, the 

width of, and the position of the band and slit or notch with respect to the hight of 

the volutions; fourth, the form of the volutions, with respect to angularity and 

roundness; fifth, the form of the entire shell; sixth, the character and depth of the 

suture; seventh, the form and outline of the aperture as shown by the lines of 

growth; and eighth, the changes in the character of the volutions from the embry

onic to the mature stages. Corroborative and subordinate characters are furnished 

by surface markings, the apical angle, the relative size of the last volution, the 

presence or absence of an umbilicus, and minor peculiarities of the aperture, the 

notch, the slit and the band. The relative importance of these characters is not 

always the same, but they are sufficiently reliable for present requirements. 

SYNOPSIS OF GENERIC AND. SUBORDINATE GROUPS OF PALEOZOIC PLEUROTOMARIID1E:I-

1. LOPHOSPIRA, Whitfield, 1886.t Shells with more or less elevated spires; 

whorls closely coiled throughout or only in the upper part, the last often exhibiting 

a tendency to become disconnected; whorls angular on the periphery and bearing 

from one to five distinct carinffi; central or peripheral keel strongest and most 

prominent, carrying the band, which is obtusely rounded, or more or less distinctly 

trilineate, with the median line heavier and more prominent than the other two; 

axis rarely, if ever, solid; an umbilicus, usually of very small size, nearly always 

present. Inner lip generally thickened, often slightly twisted, turning around 

the umbilicus so as to form a kind of hollow pillar. Outer lip more or less deeply 

notched', but the center of the notch, which lies at the peripheral angle, is never 

prolonged i,nto a slit. Surface markings parallel with the apertural edge; occasion

ally cancellated by fine spiral lines. Types, Murchinsonia bicinda Hall and M. 

serrulata Salter (=M. helicteres Whitfield, not Salter.) 
*To appreciate the subordinateness of the value of differences in the hights of the spire within moderate limit,S, a 

COmparison of the figures of species of Lophospira described in this work should suffice, We pass by almost imperceptl?le 
gradations from species like L. amp'la and L. rwtabili8. in which the apical angle is 80 and 90 degrees. to ot?ers, llke 
L. bowaeni Salford sp .. in which the angle is of sometimes less than 25 degrees, And. so far as we can see, there IS not the 
remotest chance for a generic separation between the first and the last of the species mentioned, 

fRemarks on genp,ra of which species are described in this work will be found on succeeding pages, * Bull. Amer. Mus. Nat. Rist., vo!.l, p. 312. 
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First, upon the presence or absence and relative length of a true slit, as distinguished 

from a mere apertural notch; second, the characters of the slit-band, among which 

its outline, as exhibited in transverse section, is the most important; third, the 

width of, and the position of the band and slit or notch with respect to the hight of 

the volutions; fourth, the form of the volutions, with respect to angularity and 

roundness; fifth, the form of the entire shell; sixth, the character and depth of the 

suture; seventh, the form and outline of the aperture as shown by the lines of 

growth; and eighth, the changes in the character of the volutions from the embry

onic to the mature stages. Corroborative and subordinate characters are furnished 

by surface markings, the apical angle, the relative size of the last volution, the 

presence or absence of an umbilicus, and minor peculiarities of the aperture, the 

notch, the slit a.nd the band. The relative importance of these characters is not 

always the same, but they are sufficiently reliable for present requirements. 

SYNOPSIS OF GENERIC AND. SUBORDINATE GROUPS OF PALEOZOIC PLEUROTOMARIID.&:l-

1. LOPHOSPIRA, Whitfield, 1886.t Shells with more or less elevated spires; 

whorls closely coiled throughout or only in the upper part, the last often exhibiting 

a tendency to become disconnected; whorls angular on the periphery and bearing 

from one to five distinct carinm; central or peripheral keel strongest and most 

prominent, carrying the band, which is obtusely rounded, or more or less distinctly 

trilineate, with the median line heavier and more prominent than the other two; 

axis rarely, if ever, solid; an umbilicus, usually of very small size, nearly always 

present. Inner lip generally thickened, often slightly twisted, turning around 

the umbilicus so as to form a kind of hollow pillar. Outer lip more or less deeply 

notched', but the center of the notch, which lies at the peripheral angle, is never 

prolonged into a slit. Surface markings parallel with the apertural edge; occasion

ally cancellated by fine spiral lines. Types, Murchinsonia bicincta Hall and M. 

serrulata Salter (=M. helicteres Whitfield, not Salter.) 
*To appreciate the subordinateness of the value of ditIerences in the hights of the spire within moderate limit.s, a 

comparison of the figures of species of Lophospira described in this work should suffice, We pass by almost imperceptIble 
gradations from species like L. ampla and L. notalJil'is. in which the apical angle is 80 and 90 degrees, to others, ltke 
L. bowdeni Safford sp .. in which the angle is of sometimes less than 25 degrees. And, so far as we can see, there IS not the 
remotest chance for a generic separation between the first and the last of the species mentioned. 

tRemarks on genp.ra of which species are described in this work will be foand on sacceediug pages. 
* Bull. Amer. Mus. Nat. Blst., vol.l, p. 312. 
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II. SCHIZOLOPHA, D. gen. (Ulrich.) In every respect like Lophospira excepting 

that the aperliuraJ notch is prolonged into a long parallel-edged slit. Type, S. 

textilis, n. sp. (Ulrich.) 

III. PHANEROTREMA, Fischer, 1885.* Shell turbinate, whorls few in number, 

flattened above, the last large and high, the others rising step-like; spire short; slit 

long, region of band salient; aperture subquadrate, inner lip thick; lines of growth 

nearly vertical beneath the band, above it turning more decidedly forward; strong 

revolving lines occur especially on the lower and outer parts of the whorls. Type, 

P. labrosa Hall. 

This Upper Silurian genus seems to have been derived from the Trochonemoides 

section of Lophospira, our L. trochonemoides and L. knoxvillensis being very similar in 

general form and having almost exactly the same kind of aperture. The band, 

though salient also in those species, is somewhat different., the central line being, as 

it should be in Lophospim, considerably stronger and more prominent than the 

bordering lines. Still, in our opinion, the peculiarities of the labt·osa type of band 

were produced by an extreme development of the bordering lines, the space between 

the elevated edges being gently convex. Aside from the band, Phanerotrema is 

d.istinguished from all the Lower Silurian Pleurotomariidce, except Schizolopha, by its 

long slit, and from the excepted genus by its relatively smaller spire, much larger 

last volution, peculiar band, and strong revolving lines. Further, it ~eems very 

clear that, although both types originated in Lophospira and deviated from the 

general character of that type in similar directions, their immediate ancestors 

represent widely different sections of that genus, and constitute distinct lines of 

development. Of the two species of Schizolopha, S. textiUs evidently came from the 

Bicincta section, while S. mooresi accords more nearly with the Perangulata section. 

As to Phanerotrema, we have already said that it was most probably derived from 
the Trochonemoides section. 

Phrtnerotrema includes besides the type species, Pl. occidens Hall, and a Goth

landic shell which Lindstrom erroneously identified with HaU's labrosa. The genus 

appears to be sparingly represented in the Devonian of Europe, but we know of 

none in American deposits of that age. Two of our Carboniferous species, however, 

Pl. grayvillensis Norwood and Pratten, and Pl. marcouiana Geinitz, appear to have all 

the essential characters of Phanerotrema, and we expect to find that they are actual 
continuations of the same generic type. 

IV. WORTHENIA, De Koninck, 1883. Shell conical, tabulate, the general aspect 

much as in Lophospil'aj whorls angular on the periphery, the latter carrying the 

band; slit extending backward from the mouth between one-fourth and one-third of 
·Manual de Conchyliologie. p. 851. 
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the circumference of the last whorl; band narrow, convex, the lunulre not much 

curved, very strong and prominent at regular intervals, gi ving the band a crenulated 

or toothed appearance; columellar lip scarcely callous, reflected and forming a sort 

of false umbilicus; surface ornamented with spiral ridges; lines of growth moderately 

curved backward on the upper side of the whorls, nearly vertical beneath the band. 

Type, Pl. munsteriana De Koninck. 

This genus is represented by three good species in the Carboniferous deposits 

of America, viz.: Pl. tabulata Conrad, Pl. subscalaris Meek and Worthen, and Pl. 

speciosa M. and W. We have before us a small undescribed species from the 

Devonian of Ohio that probably belongs here. The W orthenias remind one greatly 

of certain Lower Silurian types of Lophospira, particularly of the Bicincta section 

and L. knoxvillensis, and it is highly probable that they will be traced back to some 

member of that genus. We think further that they will be brought into connection 

with the Upper Silurian Phanerotremas. For the present they are readily 

distinguished from the latter by their higher spire, more gradually increasing 

volutions, and different band. From Lophospira they are separated by the denticu

late band, strong spiral ornamentation and in having a tl'Ue slit. 

V. LIOSPIRA, n. gen. Shell sublenticular, the spire low, depressed conical, 

almost smooth, the sutures very close, scarcely distinguishable; volutions subrhom

boidal in section, flat, gently convex or slightly concave above, sharply rounded at 

the periphery, convex below, and not infrequently angular at the edge of the 

umbilicus. The latter is usually present but may be filled entirely by an extension 

from the inner lip, in other cases it may be open during the younger stages only. 

Aperture deeply notched; band scarcely distinguishable as such, wide, situated on 

the narrow outer edge of the whorls though chiefly upon the upper side. Surface 

markings very delicate, rarely preserved, consisting generally of exceedingly fine 

transverse lines bending strongly backward on the apical side to the peripheral 

band over which they continue with little interruption to sweep sharply forward 

again on the lower side. Faint revolving lines occasionally observed. Types, 

Pleurotomaria micula Hall, Pl. americana Billings. 
VI. EUCONIA, n. gen. (Ulrich.) Shell subtrochiform, regularly conical, base 

nearly flat, suture shallow; umbilicus usually of large size; mouth subquadrate, the 

inner lip but little reflected and scarcely thickened, the outer with a wide notch 

but no slit, the upper projecting beyond the lower; whorls numerous, enlarging very 

gradually, sharply angular at the lower edge; band not sharply defined, of moderate 

width, lying entirely upon the upper side of the peripheral edge; on the npper side 

of the whorls the lines of growth are fine and strongly curved backward from the 

sutur~ to the band; on the lower side, where they are usually somewhat stronger, 
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they pass almost directly across the whorl, a short backward curve occurring only 

just before they reach the periphery. Types, Pl. etna and ramsayi Billings. 

At least two other species, the Pl. amphitrite Billings and Pl. beekmanensis 

Whitfield, are known to belong to this generic type. A possible fifth species (it may 

be the same as Billings' etna) occurs at Ft. Cassin, Vermont. With the exception of 

the species amphitrite, which may be a Cha,zy fossil, all these forms occur in the 

Calciferous formation, so that the genus represents one of the earliest fixed types of 

the family. Though fixed, in the sense that the known species adhere very strictly 

to the characters mentioned in the generic diagnosis, the type was evidently of 

short duration. We have very carefully examined the Pleurotomariidce found in 

succeeding geological divisions but have failed entirely to discover any that might 

reasonably be viewed as descendants of Euconiaj nor do we know anything positive 

about their ancestors. Weare therefore obliged to consider the genus as a 

rapidly evolved, short and abruptly terminated branch from the stock which 

produced also Liospira on the one side and Eotomaria on the other. Euconia is 

distinguished from all of the Lower Silurian Pleurotomariidce by the regularly 

conical spire and flat base, and the very slight curvature of the lines of growth on 

the under side of the whorls. These features are all reproduced in the Carboniferous 

group of shells which we propose to distinguish as Euconospira, but they have 

another character, namely, a long open slit, which is absent in Euconia and of itselt 

demands a separation. The surface of the Carboniferous shells differs also in being 

spirally lined. 
VII. EOTOMARlA, n. gen. Shell depressed-conical, sometimes sublenticular; 

base more or less convex, its bulk usually nearly equal to the apical part; umbilicus 

very small or wanting; volutions not very numerous, sometimes slightly turriculate 

or strongly angular near the mid-hight; aperture oblique, subquadrate, the inner lip 

slightly reflected or merely thickened, the outer deeply notched at the peripheral 

angle; no slit; band of moderate width, concave, sharply defined, oblique or 

horizontal, lying upon the apical side of the periphery. The surface markings 

consist of fine lines of growth only. These curve backward more' or less strongly 

toward the band on both the upper and lower sides of the whorls. Type, E. sublcevis,' 

n. sp. (Ulrich.) 

VIII. CLATHROSPIRA, n. gen. Shell in all respects like Eotomaria except that 

the band is nearly vertical and situated upon the periphery of the whorls, and the 

surface beautifully cancellated. Type, Pl. subconica Hall. 

IX. BEMBEXIA, (Ehlert, 1887.* Shell depressed subconical, imperforate, volu

tions angular; band distinct, concave, vertical or oblique, situated on the periphery, 
Extr. Bull. Soc. d'Etu. Scientif. d'Angers,p:21. 
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submedian on the last whorl; slit about one-fourth volution in length; aperture 

moderately oblique, the edge of the upper lip sweeping backward rather strongly, 

the lower broadly concave in the middle, the inner lip generally somewhat thickened 

and reflected. Surface with rather strong lines of growth; on one or both sides of 

the band often a more or less well-defined smooth space. Type, Bembexia larteti 

Munier-Chalmas sp. 

We have adopted this name for the group which in America is typified by the 

well-known Hamilton species, Pl. sulcomarginata Conrad, and includes also Pl. plani

dorsalis, Pl. adjutor, and Pl. nitella, described by Hall from the same formation, and 

Pl. shumardi Meek and Worthen, and Pl. elegantula Hall, two Lower Carboniferous 

shells, the first from the Keokuk, the second from the St. Louis. Excluding the 

spirally striated forms, whose relations to the group under consideration we cannot 

consider as established, Bembexia, as here defined, corresponds very nearly with 

Koken's "Pleurotomarice interruptce." The group, whether viewed as a genus or a 

subgenus is immaterial, seems to be a perfectly natural one. Provisionally we 

would give it an intermediate position between the Silurian Eotomaria and the 

Carboniferous Euconospira, the tendency of variation exhibited by the species 

being toward the latter, while their general expression reminds one of the former. 

X. MOURLONIA, De Koninck, 1883. Shell conical or somewhat discoidal, 

umbilicated. Band forming the periphery of the whorls, extremely prominent, 

thin, flange-like. On the upper side of whorls lines of growth curve backward 

without interruption from the suture line to the extreme outer edge; on the lower 

side first forward, then in a broad curve backward, and finally forward again as they 

turn into the umbilicus. Surface with revolving lines or not. Type, Pl. limata 

Lindstrom (Pl. carinata Sowerby). 

This type of shell is represented in American deposits by Mlwchisonia lUorthenana, 

a rather high species described by Miller from the Niagara limestone at Chicago. 

As now understood the principal peculiarity of Mourlonia, when compared with true 

Pleurotomariidce, lies in the excessive development of the bounding plates of the 

slit-band. This particular feature reminds one of Euomphalopterus, Roemer, and it 

is possible that Mourlonia is really allied to that remarkable genus. Still, they are 

readily distinguished by the sigmoid instead of uniform curve of the lines of growth 

on the upper side of the whorls in Euomphalopterus. Despite the resemblances we 

are firmly convinced that the genesis of the two types is quite different. 

XL EUCONOSPIRA, n. gen. (Ulrich.) Shell almost regularly conical, the base 

nearly flat, sometimes a little convex but oftener slightly concave; not perforated, 

though a small umbilical depression is always present; whorls rather numerous, the 

first three or four, so far as observed, less flattened on the upper or visible slope than 
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the following turns; aperture oblique, the width much greater than the hight, the 

inner lip scarcely thickened, the lower border, beginning at the inner extremity, 

first convex then broadly concave and finally convex again when the edge t~lrns 

rather sharply backward to the slit which lies in the peripheral angle; upper margin 

sweeping backward very strongly from the suture; length of slit equalling between 

a third and a fourth of the last volution; band narrow, slightly truncating the 

pheriphery, visible on all the volutions, concave, lying between sharply elevated 

lines. Excepting the first three' or four whorls, the ~urface is cancellated by fine 

spiral lines crossing the lines of growth. Types, Pl. turbiniformis Meek and Worthen, 

and Pl. missouriensis Swallow. 

The deriviation of this genus is doubtful. There are two widely distinct 

Devonian groups of species from either of which it may have been evolved. With 

the evidence at hand, one derivation seems as plausible as the other, so we find 

ourselves unable to decide for either. The first brings the Euconospirce from the 

Pl. lucina group, in which the slit-band and surface markings are similar while the 

form of the shel1 and of the volutions is very different. If this is the stock from 

which the genus under consideration sprang, the first change consisted probably in 

the gradual flattening of the dorsal surface of the whorls. In Pl. jilitexta, Pl. ella 

and Pl. hebe, all species of the Hamilton group described by Hall, the necessary 

conditions are supplied in increasing ratio. The next step is furnished by Meek's 

Waverly species, Pl. textiligera, in which the apical side of the shell agrees exactly 

with the Euconospirce. The basal portion, however, is very different, being ventricose 

instead of fia.t. N ow, if we could find a shell having the convexity of the base 

considerably reduced, we might say that the chain connecting Pl. lucina and 

Euconospira turbiniformis is reasonably complete. 

The second line of development would begin in, say Pl. sulcomarginata Conrad 

of the Hamilton, and include Pl. nitella Hall, of the same formation, Pl. shumardi 

Meek and Worthen, of the Keokuk, and Pl. elegantula Hall, of the St. Louis. 

The last species, though still too full at the base, nevertheless approaches very 

nearly to the form pertaining to the Euconospirce. The principal feature lacking 

is the spiral sculpture, which is wanting in all of the sulcomarginata or 

Bembexia group. This difficulty, however, is lessened by the fact that the 

spiral lines are wanting also on the first volutions of at least two species of 

Euconospira. These early turns, furthermore, are slightly rounded on the dorsal 

surface, thus strongly indicating that the type was evolved from another in which 

the whorls were more rounded and without spiral markings. Taking all these 

points into consideration, the balance of agreement seems to be in favor of the 

second rather than the first line of development. 
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first convex then broadly concave and finally convex again when the edge turns 

rather sharply backward to the slit which lies in the peripheral angle; upper margin 

sweeping backward very strongly from the suture; length of slit equalling between 

a third and a fourth of the last volution; band narrow, slightly truncating the 

pheriphery, visible on all the volutions, concave, lying between sharply elevated 

lines. Excepting the first three' or four whorls, the ~urface is cancellated by fine 

spiral lines crossing the lines of growth. Types, Pl. turbiniformis Meek and Worthen, 

and Pl. missouriensis Swallow. 
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Devonian groups of species from either of which it may have been evolved. With 

the evidence at hand, one derivation seems as plausible as the other, so we find 

ourselves unable to decide for either. The first brings the Euconospirce from the 

Pl. lucina group, in which the slit-band and surface markings are similar while the 

form of the shell and of the volutions is very different. If this is the stock from 

which the genus under consideration sprang, the first change consisted probably in 

the gradual flattening of the dorsal surface of the whorls. In Pl. jilitext(l, Pl. ella 
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Bembexia group. This difficulty, however, is lessened by the fact that the 

spiral lines are wanting also on the first volutions of at least two species of 

Euconospira. These early turns, furthermore, are slightly rounded on the dorsal 

surface, thus strongly indicating that the type was evolved from another in which 

the whorls were more rounded and without spiral markings. Taking all these 

points into consideration, the balance of agreement seems to be in favor of the 

second rather than the first line of development. 
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Euconospira is most probably related to the Mesozoic group of species which 

Fischer has distinguished by the name Pyrgott'Ochus, with Pl. bitorquata Deslong

champs, as the type. The latter differs from our genus principally in having the 

band near the middle of the dorsal side of the whorls instead of at the basal 

edge. 'fhe presence of a long slit distinguished the genus from Euconia, Eotomaria 

and Clathrospira. 

XII. TREPOSPIRA, n. gen. Shell sublenticular to depressed conical; base 

convex; without umbilicus; whorls, six or seven, the first two or three very small, 

rounded, prominent and smooth, the next two flat and coiled more or less nearly in 

the same plane, the rest sloping according to the apical angle of the shell; aperture 

transverse, subrhomboidal, the upper lip projecting beyond the lower, the outline 

curving strongly backward to the slit; edge of lower lip strongly convex in the 

middle; inner lip rather thin but continuing into a concave callosity which is spread 

over the umbilical region; slit very short, scarcely extending beyond the notch 

formed by the converging lips; band rather wide, slightly concave, smooth, visible 

on the last whorl only, so si.tuated that its lower edge forms the peripheral angle 

. of the volution; beginning with the fourth turn the sutural edge bears a row of 

nodes covering the band of the preceding whorl. The rest of the surface is nearly 

smooth, the lines of growth being nearly always obscure. Type, Pl. sph(erulata 

Conrad. 

In its most essential characters-form of shell, nearly smooth surface, short 

slit, and direction of lines of growth on the lower side-this genus resembles the 

Lower Silurian Liospira very closely. Still, we are fully satisfied that Trepospira is 

not a continu~tion of that early type. In coming to this conclusion we rely prin

cipally upon the character of the embryonic whorls. These, as stated, are rounded 

and smooth, wherefore we should look for the ancestors of the type among shells 

having similar whorls. The required conditions, it seems to us, are furnished by 

Pl. rotalia Hall, of the Hamilton group. In this species we see a callus filling the 

umbilicus, a nearly smooth surface, strongly curved lines of growth on the lower 

side of the whorls, the band hidden on the upper turns by overlap of the 

thickened and plicated sutural edge. Excepting the last, which is somewhat 

compressed and, therefore, obtusely angular, the whorls may properly be called 

rounded. Now, it is not a great step from Pl. rotalia to the small Upper 

Silurian shell which Lindstrom calls Pl. helicina in his great work on the 

GothlandGastropoda, and more recently, because the name was preoccupied, 

Pl. kokeni. The latter has neatly rounded whorls, an open umbilicus and 

the band a trifle too high, but in all other respects the agreement with Pl. 

rotalia is sufficiently exact to indicate close genetic relations between them. As to 
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the umbilicus, this is not of much consequence, especially since Pt. kokeni has a 

ridge-like thickening of the shell around the umbilicus which may well represent 

the callus found in Pl. rotalia and typical species of Trepospira. From what line 

Pl. kokeni was derived, we are not prepared to decide, though inclined to regard 

Liospim as the most likely. Should that prove to be true, then Trepospira would 

furnish us an interesting case of reversion. Similar reversions are shown or noticed 

in other parts of this work. 

Descendants of the Trepospim type are to be looked for among tbe Mesozoic 

pleurotomarian shells which are commonly referred to Deslongchamps' Cryptr;enia. 

The Triassic Pl. radians Wissman certainly resembles T. depressa very closely, but 

Koken's figure and description prove it to have a more inflated (" pear-shaped") 

embryonic whorl, and, if we understand him correctly, it has, like Pl. heliciformis, 

the type of Cryptcenia, a narrow and long slit, which would exclude it from 

Trepospim. According to the figures which we have seen, Pl. polita Goldfuss 

(Lias), which also is usually referred to Cryptcenia, agrees better with Trepospira 

so far as the position and width of the band and depth of the slit is concerned, 

but in the rounded form of its volutions, and, more importantly, in the direction 

of the lines of growth between the band and the umbilical callus, it differs 

widely. 

Besides the type, we place here the closely related Pl. depressa Cox, Pl. 

illinoisensis Worthen, Raphistoma junior De Koninck, and possibly R. radians of the 

same author, all Carboniferous species. Perhaps it would be well to include the 

Hamilton Pl. nJtalia HalL 

XIII. SEELYA, n. gen. (Ulrich.) Shell turbinate, consisting of from five to seven 

rapidly enlarging rounded or ventricose whorls, coarsely though usually not very 

deeply grooved spirally; apertural sinus shallow, broadly>shaped, slit wanting, 

band distinct, rather wide, more or less prominent, concave, nearly central on 

the last volution, infra-median on the upper turns; axis minutely perforated, 

the inner lip usually thin and reflected so as to form a hollow columella; aperture 

slightly produced below. Type, S. ventricosa, n. sp. (Ulrich.) 

XIV. PLETHOSPIRA, n. gen. (Ulrich.) Rather short, turbinate shells, consisting 

of four or five rapidly enlarging ventricose whorls, the last produced below and 

greatly exceeding in bight the rest of the spire; band wide, submedian in position on 

the last whorl, flat or slightly concave, vertical, margined on each side by a raised 

line; apertural sinus not very deep, slit wanting; surface marked with lines and 

wrinkles of growth only; these are only moderately arched, especially upon the 

lower half of the volutions where, excepting near the band, they are nearly vertical. 

Type, Holopea cassina Whitfield. Range, Lower Silurian. 
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XV. HORMOTOMA, Salter, 1859.* Shell elongate, beaded, practically imperforate, 

composed of rather numerous (eight to fourteen) rounded or subangular whorls; 

aperture acuminate sub ovate, narrow and more or less prolonged below; outer lip 

with a broad and deep > shaped notch and no slit; band median or submedian, 

generally obscure, of moderate width, flat or slightly concave, in the perfect condi

tion margined on each side by a delicate raised line; surface marked with lines of 

growth only; these are never very sharp and always sweep backward very strongly, 

from helow especially, to the band. Type, H. salteri Ulrich [=JJf. (H.) gracilis 

Salter, not Hall]. 

XVI. C<ELOOAULUS, (Ehlert, 1887."!" Similar to Hormotoma but the shells are 

longer, and composed of more numerous depressed whorls. Axis perforate, the 

umbilicus small but extending quite to the apex. Aperture rounded, not produced 

below; inner lip thin. Type, Murchisonia (Ccelocaulus) davidsoni (Ehlert. 

XVII. TURRITOMA, n. gen. (Ulrich.) High shells, consisting of numerous 

whorls; whorls somewbat flattened, convex above, slightly concave in the middle, 

and most prominent in tbe lower part where the band is situated; other features 

apparently as in Hormotoma. Type, Murchisonict aC1'ea Billings. Range, Lower and 

Upper Silurian. 

This is a well marked group of species and readily distinguished form Hormo

toma (to which the group is related) by the flattened instead of uniformly rounded 

volutions, and by the lower position of the band. For the present the new genus 

will include the following species: Afurchisonia ada Billings, Calciferous; AI. acrea 

Billings, Quebec; M. laphami Hall, Niagara; M. boylei Nicholson, M. constricta 

Wbiteaves, Guelpb; and M. cava Lindstrom, Upper Silurian of Gotland. 

XVIII. SOLENOSPIRA, n. gen. (Ulrich.) Small shells usually, forming a high and 

very slowly enlarging spire, consisting of numerous, generally depressed volutions; 

near the middle of each whorl and occupying nearly a fourth of its hight, the spiral 

band forms a deep channel between two salient thin ridges; the flat or convex slopes 

above and beneath the band may be free of ridges, or there may be a third above 

and a fourth below, or there may be, including those bordering the band, as many 

as five or even six on each whorl. Outer lip with a broad >shaped sinus but no 

linear slit. Type, Eunema pagoda Salter. 

Doubtful and insufficiently known generic and minor groups of Paelozoic species usually 

referred to Pleurotomaria and Murchisonia. 

MURCHISONIA, d'Archiac and Verneuil, 1841. (Bull. Soc. Geol. France, vol. 12, 

~. 154.) We prefer not to give a description of this genus at this time, because 
* Oanadian Organio Remains, Decade I, p. 18. 
t Extr. Bull. Soc. d'Etud. SCientif. d'Angers, p. 20. 
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of doubt respecting the proper selection of the essential from the non-essential 

among the exceedingly diverse characters exhibited by the original type of the 

genus, M. coronata Goldfuss and its numerous varieties. We will say positively, 

however, that none of the preceding genera can properly be united with Murchi

sonia. Indeed, we are anything but satisfied that M. coronaia is a true member 

the Pleurotomariidce, and it appears that Koken felt more doubt on this point 

than he expressed in the remark (op. cit., p. 367) that "the method of growth, 

the rapid enlargement of the first volutions and other peculiarities remind of the 

Pyramidellidce." On the same page he says also, in speaking of M. coronata and 

varieties, "it is just this type that impresses me as though it did not belong with 

the other Silurian, Devonian and Oarboniferous species that are called Murchisonia." 

With a few exceptions, we have seen specimens of all the American species which 

have been described as of Murchisonia, and are quite prepared to maintain that 

strictly speaking the genus is not represented among them. The continued use of 

the genus for American species therefore is not justified except as a provisional 

receptacle for those which, because of insufficient knowledge of their characters, 

cannot yet be referred to their proper positions. 

We had intended to add remarks on De Koninck's Ptychomphalus, Goss~letia, 

Pithodea, Agnesia, Rhineoderma and Baylea, and (Ehlert's Gyroma, Platyloron and 

Stenoloron, (all proposed since 1880 as divisions under Pleurotomaria), but a lack of 

space makes it necessary that their consideration be postponed to some future 

opportunity. It may be well, however, to state here that each of these divisions 

em braces species genetically distinct from those in the others and that, while they 

will have to be redefined and their contents revised, none is likely to prove 

entirely useless in the classification of the future. As to Pleurotomaria, De France, 

if the genus is confined between reasonable limits, it is not recognizable among the 

Paleozoic species known to us, nor are the sections Talantodiscus, Pyrgotrochus, 

Perott'ochus and Entemnotrochus, propmed by Fischer in 1885. The same is to be 

said of Chelotia, Bay Ie, and Crypfcenia and Leptomaria, of Deslongchamps, which are 

variously recognized as sections, subgenera, or as distinct genera. 

Genus LOPHOSPIRA, Whitfield. 

Lophospira, WHITFIELD, 1886, Amer. Mus. Nat. Rist., vol. i, p. 312. 
Murchisoni(t and Pleurutomaria, of authors. 

For generic characters f:iee page --. 

As here understood and described this excellent genus constitutes perhaps the 

most important of all occurring in the Lower Silurian. The species are numerous,. 

some have comparatively an extended geological range, and most. of them are to be 
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counted among the common fossils at the localities where _they occur. Moreover, 

in our opinion, the species are comparatively constant and therefore easily disting~ 
uished, although in practice among collectori'; no group of species has been more 

per@istently thrown together as of one or two species than has the majority of the 

numerous types which on the following pages we endeavor to distinguish in such a 

manner that anyone having good material at his command may without much 

trouble recognize them. 

As far as known Lophospira ranges from the Calciferous to the Hamilton group, 

in other words from the base of the Lower Silurian or Ordovician to the middle of 

the Devonian system. However, by far the greatest development of the genus 

occurred in the various groups of the Trenton period. That the genus extended 

through the Devonian into the Carboniferous rocks is, to say the least, doubtful. 

We come to this conclusion despite the fact that the Worthenias of the Coal 

Measures (see p. 952) so greatly resemble the average Lower Silurian types of the 

genus that it is difficult to escape the conviction that they are direct descendants 

of them. Worthenia, though sufficiently distinguished by having an apertural slit, 

might readily have acquired this difference through gradual development, but we 

know absolutely of no intermediate later Devonian and Sub -Carboniferous 

Lophospira-like shells from which they might have been derived. For the present 

therefore, especially after considering that the apex of the shell of vVorthenia is 

blunt and the embryonic whorls rounded, we incline to the view that the Carbonif

erous genus was evolved from some low-spired round-whorled shell like those which 

CEhlert proposes to distinguish as Gyroma. Excepting the initial cell or turn, 

which we have not seen, the apical whorls of Lophospira are not materially different 

from those following. 

Many of the species now referred to this genus have heretofore been placed, 

according to the hight of the spire and the whim of the author, under either 

Murchisonia or Pleurotomaria. No genus is better calculated to show the unrelia

bility, as a generic character, of the hight of the spire. This fact is we believe 

strikingly shown by the figures on plates LXXII and LXXIII. Take for instance 

various species of the Bicincta section, beginning with L. humilis Ulrich, the spire 

of which is so low that according to methods prevailing heretofore no one would have 

hesitated in placing it as a Pleurotomaria. From this it is certainly not a great step 

to reach L. bicincta Hall which Lindstrom calls a Pleurotomaria, while American 

authors generally have referred it to Murchisonia. Next we have L. concinnula U. 

and S. and L. fiUmorensis U. and S., in which the spire is higher, and finally L. 

procera Ulrich in which it is very much higher than in L. hurnilis. Fully as great 
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pertlistently thrown together as of one or two species than has the majority of the 

numerous types which on the following pages we endeavor to distinguish in such a 

manner that anyone having good material at his command may without much 

trouble recognize them. 

As far as known Lophospira ranges from the Calciferous to the Hamilton group, 

in other words from the base of the Lower Silurian or Ordovician to the middle of 

the Devonian system. However, by far the greatest development of the genus 

occurred in the various groups of the Trenton period. That the genus extended 

through the Devonian into the Carboniferous rocks is, to say the least, doubtful. 

We come to this conclusion despite the fact that the Worthenias of the Coal 

Measures (see p. 952) so greatly resemble the average Lower Silurian types of the 

genus that it is difficult to escape the conviction that they are direct descendants 

of them. Worthenia, though sufficiently distinguished by having an apertural slit, 

might readily have acquired this difference through gradual development, but we 

know absolutely of no intermediate later Devonian and Sub -Carboniferous 

Lophospira-like shells from which they might have been derived. For the present 

therefore, especially after considering that the apex of the shell of vVorthenia is 

blunt and the embryonic whorls rounded, we incline to the view that the Carbonif

erous genus was evolved from some low-spired round-whorled shell like those which 

CEhlert proposes to distinguish as Gyroma. Excepting the initial cell or turn, 

which we have not seen, the apical whorls of Lophospira are not materially different 

from those following. 
Many of the species now referred to this genus have heretofore been placed, 

according to the hight of the spire and the whim of the author, under either 

Murchisonia or Pleurotomaria. No geIi us is better calculated to show the unrelia

bility, as a generic character, of the hight of the spire. This fact is we believe 

strikingly shown by the figures on plates LXXII and LXXIII. Take for instance 

various species of the Bicincta section, beginning with L. llUmilis Ulrich, the spire 

of which is so low that according to methods prevailing heretofore no one would have 

hesitated in placing it as a Pleurotomaria. From this it is certainly not a great step 

to reach L. bicincta Hall which Lindstrom calls a Pleurotomaria, while American 

authors generally have referred it to Murchisonia. N ext we have L. concinnula U. 

and S. and L. fillmorensis U. and S., in which the spire is higher, and finally L. 

procera Ulrich in which it is very much higher than in L. humilis. Fully as great 
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or greater differences in the hight of the spire are to be observed in the Perangulata 

8ection. Beginning with forms like L. ampla Ulrich and L. multigruma Miller, in 

which the apical angle varies;; from 70 to more than 90 degrees, we pass by numerous 

and easy gradations to L. bowdeni Safford, in which the angle is sometimes as narrow 

as 25 degrees. While the hight of the spire only rarely deserves to be counted among 

the generic characters, we believe it is, within reasonable limits, usually an excellent 

specific character. 

Concerning the systematic position of the genus, we may say with considerable 

confidence that it is the oldest of the many types strictly belonging to the family 

PleurotomariidcE. We say this not so much because the genus goes far back in 

geological time, for, according to known farts, several other types are equally 

ancient, but because it shares characters with types belonging to other families 

which, like the Pleurotomariidce, originated somewhere in the interval between the 

Calciferous and the Upper Cambrian. Thus the simplicity of the band and apertural 

notch allies the genus with the Euomphalida'. A striking resemblance, indicating, 

we believe, also close relationship, obtains between certain species of Trochonema 

and Lophospira notabilis, L. knoxvillensis and L. trochonemoides. This relation of 

Trochonema to the notched pleurotomarian and euomphalid genera is shown not 

only by the species of Lophospim just mentioned, but is indicated quite as strongly 

by such undeniable Trochonemas as T. retrorsa and T. bellula. The latter have an 

apertural notch at the end of the supra-peripheral angle, causing the lines of growth 

to curve backwa,rd toward the angle from both above and below. Only one £eature 

remains to distinguish the Trochonemoides section of Lophospira from T. retrorsa and 

its allies, and that is, that while the Lophospiras have a distinot band, the Trochon

emas have none, the lines of growth curving backward to and then over the angle 
without interruption in the latter. 

Lophospim is divisible into f0ur sections, and two of these into several subsections 
as follows: 

A. Perangulata section:-A pertural notch> shaped, deep and wide, the lines of 

growth sweeping backward strongly from both above and below to the peripheral 
band. 

1. Perangulata subsection:-Shells not very high, whorls five to eight, strongly 

angular. Species: L. perangulata Hall, L. sorocula Billings sp., L. modesta Billings 

sp., L. medialis U. and S., L. decttrsa Ulr., L. pulchella U. and S., L. saffordi Ulr., 

L. abnormis Ulr., L. centralis Ulr., L. oweni U. and S., L. ampla Uk, L. peracuta U. and 

S., L. elevata U. and S., L. mttltigruma Miller sp., L. tropidophora Meek sp., L. sumner~ 
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ensis Safford sp., L. perlamellosa Ulr., L. perforata U. and S., L. sp£ronema U. and S. 

L. tennistriata Ulr., L. conradana U. and S., L. gothlandica Ulr.* 

2. Bowdeni subsection:-High shells, eight to twelve whorls, less angular than 

in preceding subsection. Species: L. bowdeni Safford sp., L. producta Ulr., L. augus

tina Billings sp., ? L. maJor Hall sp., L. macrospira Hall sp. 

3. Cicelia subsection:-Differs from 1 in having a much higher spire, and from 

2 in having more numerous and more sharply angular volutions. Species: L. cicelia 

Billings sp., L. estella Billings sp., L. extenuata Hall sp. 

4. Serrulata subsection:-Distinguished from 1 by the plate-like extension and 

wavy character of the central part of the peripheral carina. Only known species: 

L. serrulala Salter sp. 

B. Bicincta section:-Lines of growth curving very slightly, or not at all, back

ward to the peripheral keel, the apertural notch being very shallow. 

1. Bicincta subsection:-Surface markings fine, generally quite regular, sharply 

elevated and closely arranged. Species: L. bicincta Hall sp., L. quadrisulcata U. and 

S., L.obliqua U. and S., L. humilis Ulr., L. cOllcinnula U. and S., L. fillmorensis U. 

and S., L. aspera Billings sp. 
2. Tubulosa subsection:-Similar to preceding, but surface markings much 

stronger, lamellose and imbricating, particularly on the band. Species: L. tubulosa 

Lindstrom sp., L.laqueata Lindstrom sp., both from the Upper Silurian of Gothland. 

3. Imbricata subsection:-Relatively high small shells, with coarsely lamellar 

imbricating lines of growth; the latter turn backward on the basal portion of the 

whorl very soon after leaving the peripheral band, the aperture being unusually 

oblique. Species: Murchisonia imbricata, munda, tortuosa, cochleata and perhaps 

cancellata, all Upper Silurian of Gothland and described by Lindstrom. Unknown 

in America except by an undescribed species in the Clinton iron ore of New York. 

4. Holmi subsection:-Lines of growth fine and equal as in the Bicincta sub

section but with a direction as in the preceding. Only known species: Pleur'otomaria, 

holmi Lindstrom (Gothland.) 
5. Helicteres subsection:-Agrees in all respects with the Bicincta subsection 

excepting that the last whorl or two is free. Only known species: L. hel£cteres 

Salter sp:r 
C. Robusta section:-Shells rather short, whorls comparatively rounded, ventri

cose, scarcely angular even at the peripheral band, which is distinctly trilineate. 

"The name Lop1wspira aothZandica is proposed for the shell which LindstrOm describes from the Up~er Sill~rian strata of 
the island of Gothland as a speoies of Pleurotomaria under Hall's spe(M\c name 1Jicincta" It is be~ Utlfllll~ 1llustrated on 
plate VIII of his great work on the" Silurian Gastropoda of Gotland." The figures, together w1th speClmens receIved 
bam :Or. LindstrOm, prove it to be quite distinct from the Arll,erican 7Jieineta, , 

tMurchiBcmia Boluta and M. tropidophora of Whiteaves, from the Guelph of Canada, for which the subg~nus ~O;l:oplotu~ 1S 
proposed by Fischer (Manual Oonch" p. '847; 1885,) may belong to this subsection, but in the absence of rellable lUformallOn 
respecting the oharaoters of the peripheral band and apertural sinus, we prefer to leave them unclassified. 

Lophosplra.] 
GASTROPODA. 9(;3 

ensis Safford sp., L. perlamellosa Ulr., L. perforata U. and S., L. spit'onemrt U. and S. 

L. tennistriata Ulr., L. conradana U. and S., L. gothlandica Ulr.* 

2. Bowdeni subsection:-High shells, eight to twelve whorls, less angular than 

in preceding subsection. Species: L. bowdeni Safford sp., L. producta Ulr., L. rtugus

tina Billings sp., ? L. major Hall sp., L. macrospira Hall sp. 

3. Cicelia subsection:-Differs from 1 in having a much higher spire, and from 

2 in having more numerous and more sharply angular volutions. Species: L. cicelia 

Billings sp., L. estella Billings sp., L. extenuata Hall sp. 

4. Serrulata subsection:-Distinguished from 1 by the plate-like extension and 

wavy character of the central part of the peripheral carina. Only known species: 

L. serrulata Salter sp. 

B. Bicincta section:-Lines of growth curving very slightly, or not at all, back

ward to the peripheral keel, the apertural notch being very shallow. 

1. Bicincta subsection:-Surface markings fine, generally quite regular, sharply 

elevated and closely arranged. Species: L. bicincta Hall sp., L. quad1'isulcata U. and 

S., L. obliqua U. and S., L. humilis Ulr., L. concinnula U. and S., L. fillmorensis U. 

and S., L. aspera Billings sp. 

2. Tubulosa subsection :-Similar to preceding, but surface markings much 

stronger, lamellose and imbricating, particularly on the band. Species: L. tubulosa 

Lindstrom sp., L. laqueata Lindstrom sp., both from the Upper Silurian of Gothland. 

3. Imbricata subsection:-Relatively high small shells, with coarsely lamellar 

imbricating lines of growth; the latter turn backward on the basal portion of the 

whorl very soon after leaving the peripheral band, the aperture being unusually 

oblique. Species: Murchisonia imbricata, munda, tortuosa, cochleata and perhaps 

cancellata, all Upper Silurian of Gothland and described by Lindstrom. Unknown 

in America except by an undescribed species in the Clinton iron ore of New York. 

4. Holmi subsection:-Lines of growth fine and equal as in the Bicincta sub

section but with a direction as in the preceding. Only known species: Pleu)'otomaria 

holmi Lindstrom (Gothland.) 

5. Relicteres subsection:-Agrees in all respects with the Bicincta subsection 

excepting that the last whorl or two is free. Only known species: L. hdicteres 

Salter sp.-l-

C. Robusta section:-Shells rather short, whorls comparatively rounded, ventri

cose, scarcely angular even at the peripheral band, which is distinctly trilineate. 

*The name Lophospira gothlcmdica is proposed for the shell which Lindst.rijm desc.ribes from the Uppcr Silt~rian stmta of 
the island of Gothland as a species of Pleurotomarict under Hall's speeific name 7Jici.netu, It 1S 1)enut1ful!y l!lustrated on 
plate VIII of his great work on the" Silurian Gastropoda of Gotland." The figures, together with spec1mens received 
from Dr. Lindstrom, prove it to be quite distinct from the Americau 7JicinctcL . 

tMurehisonia 80luta and M. tropidophora of Whiteaves, frOID the Guelph of Canada, for which the SUbg~llUS La.rap/.Deus 18 
proposed by Fischer (Manual Conch., p. '847; 188(;,) may belong to this subsection, but in the absence of rel1nble mforma11On 
respecting the characters of the peripheral band and apertural sinus, we prefer to leave them unclassified. 



964 THE PALEONTOLOGY OF MINNESO'rA. 
lLophospira blcincta. 

Surface, the basal half chiefly, usually with large though not very prominent 

revolving ribs. Lines of growth recurving moderately toward the peripheral band, 

indicating a wide but not very deep sinus iu the outer lip. Species: Pleurotomaria 

ohioensis James, Pl. robusta and var. la::vissima Lindstrom, Pl. trilix Hall. 

D. Trochonemoides section:-In all respects like Trochonema save that the 

supra-peripheral keel bears a distinct band. Differs from ordinary types of 

Lophospira in the relatively depressed form, large umbilicus, thick shell and oblique 

mouth. Species: L. trochonemoides VIr., L. knoxvillensis VIr., L. notabihs VIr. 

LOPHOSPIRA BICINCTA Hall. 

PLATE LXXII. FIGS. 1-0. 

Jtlu)'chisonia bicil1cta HALL, 1847, Pal. N. Y., vol. i, p. 177, pl. xxxvnI, figs. 5a-5f, (?5g and 5h.) 
Mtll'cliisoniu mille)'i HALL, 1877, 1st Ed. Miller's Amer. Pal. Fossils, p. 244. 

Hight 15 to 30 mm.; apical angle 59° to 63 0
, usually about 60 0

• Volutions five 

or six, subangular; last one ventricose below, tricarinate, the upper ones bicarinate 

the lower carina being hIdden by the suture; central or peripheral angle margined 

on either side by a sharp elevated line, with a narrow groove between, the angle, 

therefore, being composed of three lines of which the central one is a little stronger 

and more prominent than the lateral ones; lower carina thin, abruptly raised, the 

space between it and the peripheral angle scarcely concave and almost perpendicular; 

upper carina sharp, rather strong, removed a little more than a third of the 

biconcave upper slope of the volution from the suture; aperture somewhat obliquely 

subelliptical, higher than wide, narrow below, subangular at the lower inner corner; 

inner lip but little thickened, slightly twisted, never completely covering the minute 

umbilicus; outer lip very slightly sinuate. Surface marked by fine sharp subequal 

strirn, curving backward very gently from the suture to the peripheral band; 

beneath the latter they pass in a vertical direction to the lower carina which 

scarcely interrupts their course to the umbilicus, near which only a slight backward 

curve is noticeable. On the most perfect specimen seen all the transverse lines 

present the appearance of being minutely papillose or toothed, while the central 

line of the peripheral band is crossed by straight lines of which there are nearly 

twice as many in a given space as of those coming from above and below. 

The most marked and important feature of this species is the exceeding 

shallowness of the sinus or notch in the outer lip. It is true Prof. Hall mentions 

an abrupt retral and forward curve of the surface strirn at the mesial band, but if 

we accept his fig, 5e as correct, it is evident that this statement is quite at variance 

with his illustrations. We prefer to accept the evidence of the cited figure upon 

the point in question rather than the description, especially since it is not at all 
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improbable that the idea of an abrupt retral curve of the strite was received from 

some similar associated but distinct shell. That he united more than one species or 

variety under the name bicincta is shown, provided the form has been correctly 

drawn, by his figures 5g and h. In the first, representing the fossil of the natural 

size, no upper carina is shown; nor is the peripheral angle trilineate. The second 

represents a part of the last whorl magnified and shows not only one, but two 

carinm on the lower half. Perhaps t.hese figures are not entirely trustworthy. 

Although very frequently quoted, we thought it best to restrict the synonomy 

of the species to the original description, because we found it almost impossible to 

decide in most instances whether an author had the true bicincta before him or not. 

With collectors the practice prevails to a large extent to identify almost any set of 

Lower Silurian Lophospira with the bicincta, and we have seen no less than ten 

distinct species in collections bearing the one label "Murchisonia bicincta Hall." 

Salter's M. bicincta (Can. Org. Rem., Dec. 1, p. 19; 1859) clearly belongs to the next 

species or variety (L. obliqua) while Meek and Worthen's (Geol. Sur. Ill., vol iii, p. 

317; 1868) we describe as another new species under the name L. per/orata. Then 

the Upper Silurian shell from the island of Gothland, which Lindstrom identifies 

with this species (he calls it a Pleurotomaria) and describes and figures so beautifully 

in his classical work on the Gastropoda (Up. Sil. Gastropoda of Gotland, p. 106, pI. 8; 

1884) is most certainly not the same as the American species. W f' have specimens 

of the Gothland shell before us and can say most emphatically that it has scarcely 

a single specific feature in common with L. bicincta. Comparing it with the other 

American species of Lophospira, we find that while it resembles L. 5umnerensis 

Safford more than any of the others, it is still readily distinguished. 

The essential characters of L. bicincta, as here identified and restricted, are (1) 

the ventricose whorls, (2) the sharp and regular lines of growth, and (3) the exceed

ingly shallow sinus in the outer lip and vertical direction of the surface strim from 

the peripheral band downward. 

Formation and locality.-Trenton period, Stones River group, not uneommon in the" Central lime
stone" at Murfreesboro, Tennessee, and rather rare in tht Vanuxemia bed at Minneapolis, Minnesota, 
Dixon, IllinOiS, and Beloit, Wisconsin; Black River group, Mercer cuunty, Kentucky: Trenton group, 
Middleville, New York; Olitambonites and Fusispira beds atscverallocaliti,~s in Goodhue county, Minne
sota; Oincinnati period, Richmond group, at Spring Valley and other localities in Fillmore county. 

Collection.-E. O. Ulrich. 

LOPHOSPIRA OBLIQUA, n. sp. (Ulrich.) 

PLATE LXXII. FIGS. 6-R. 

MU1'Chison'ia bicincta SALTER, 1859, Oan. Org. Rem, Dec. 1, p. HI. (Not JYIo /Jicincta HALL, 1817.) 

This form agrees in all respects with L. bicincta excepting that the surface striffi 

are less sharp and not so regular, and that instead of passing vertically downward 
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from the peripheral band they cross the space between the central and lower carime 

somewhat obliquely, thus indicating a deeper sinus in the outer lip. Casts of the 

interior could not be distinguished excepting perhaps those which preserve the 

aperture entire, when the difference last mentioned may serve. 

It is strange that two shells can be so very much alike and yet maintain certain 

almost minute characters so persistently as in this case. We have 42 specimens of 

the obliqua and there is never any doubt about them, the peculiarities mentioned 

being very constant. 

Format'ion ancllocality.-Rare in the upper part of the Stones River group, at High Bridge, Kentucky; 
more common in the Black River and Trenton groups at various points in Mercer county, Kentucky. 

Collection.-E. O. Ulrich. 

LOPHOSPIRA CONCINNULA, n. sp. 

PLATE LXXII. FIGS. 16-19. 

Hight usually 10 to 15 mm., in one case reaching 21 mm.; apical angle 52° to 59°. 

Volutions six or seven, angular, not ventricose; upper central and lower carinm all 

strong. Lines of growth fine, sharp, thread-like, regular, almost vertical beneath 

the peripheral band, and but little curved backward above it. In the grooves 

between the lines there are numerous short connecting bars, producing a minutely 

cancellated appearance. 

The peripheral band and surface markings, excepting the delicate connecting 

bars, are precisely as in L. bicincta, and we are satisfied that the new species is 

closely related to that shell, if indeed it is really not merely a variety of it. Still, 

the connecting bars are a feature d~serving some recognition, and when we add that 

the volutions in L. concinnula increases less rapidly and that they are less ventricose 

and more angular, because of the greater prominence of the spiral carinm, it seems 

to us that a specific distinction must be conceded. 

We describe three other species, L. pulchella, L. spironema and L. tenuistriata, 

which, if the aperture is imperfect and the surface markings abraded, it would be 

quite impossible to distinguish from each other and from L. concinnula. With any 

part of the exterior layer of the shell preserved the difficulties vanish, the first 

named three forms having a deep sinus in the outer lip and, therefore, strongly 

recurved lines of growth, while in L. concinnula the retral curvature is, as in L. 
l)icincta, very slight indeed. The character of the transverse strim also is different, 

being stronger and sharper in L. concinnztla. For other differences see descriptions 
of the species mentioned. 

Formation and lucality.- Black River group, Ctenodonta bed, Minneapolis and Cannon Falls, 
Minnesota. 

Collectiolls.-E. O. Ulrich (9 specimens); W. H. Scofield (1 specimen). 
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from the peripheral band they cross the space between the central and lower carime 

somewhat obliquely, thus indicating a deeper sinus in the outer lip. Casts of the 

interior could not be distinguished excepting perhaps those which preserve the 

aperture entire, when the difference last mentioned may serve. 

It is strange that two shells can be so very much alike and yet maintain certain 

almost minute characters so persistently as in this case. We have 42 specimens of 

the obliqua and there is never any doubt about them, the peculiarities mentioned 

being very constant. 

Fo)'mation ancllocality.-Rare in the upper part of the Stones River group, at High Bridge, Kentucky; 
more common in the Black River and Trenton groups at various points in Mercer county, Kentucky. 

Collection.-E. O. Ulrich. 

LOPHOSPIRA CONCINNULA, n. sp. 

PLATE LXXII. FIGS. 16-19. 

Hight usually 10 to 15 mm., in one case reaching 21 mm.; apical angle 52° to 59°. 

Volutions six or seven, angular, not ventricose; upper central and lower carince all 

strong. Lines of growth fine, sharp, thread-like, regular, almost vertical beneath 

the peripheral band, and but little curved backward above it. In the grooves 

between the lines there are numerous short connecting bars, producing a minutely 

cancellated appearance. 

The peripheral band and surface markings, excepting the delicate connecting 

bars, are precisely as in L. bicincta, and we are satisfied that the new species is 

closely related to that shell, if indeed it is really not merely a variety of it. Still, 

the connecting bars are a feature df3serving some recognition, and when we add that 

the volutions in L. concinnula increases less rapidly and that they are less ventricose 

and more angular, because of the greater prominence of the spiral carince, it seems 

to us that a specific distinction must be conceded. 

We describe three other species, L. pulchella, L. spironema and L. tenuistriata, 

which, if the aperture is imperfect and the surface markings abraded, it would be 

quite impossible to distinguish from each other and from L. concinnula. With any 

part of the exterior layer of the shell preserved the difficulties vanish, the first 

named three forms having a deep sinus in the outer lip and, therefore, strongly 

recurved lines of growth, while in L. concinnula the retral curvature is, as in L. 

Dicincta, very slight indeed. The character of the transverse strice also is different, 

being stronger and sharper in L. concinnula. For other differences see descriptions 
of the species mentioned. 

Formation and lucality.- Black River group, Ctenodonta bed, Minneapolis and Cannon Falls, 
Minnesota. 

Collectiolls.-E. O. Ulrich (9 specimens); W. H. Scofield (1 specimen). 
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LOPHOSPIRA, FILLMORENSIS, n. "p. 

PLATE LXXII, lCIGS. 20-24. 

Hight 19 to 25 mm.; apical angle 53° to 56°; volutions about six. This form is 

represented by six casts of the interior and one macerated testiferous example. In 

its general aspect it, the cast especially, reminds one greatly of L. concinnt{la and it 

is not at all improbable that it is a later variety of that species. Still the testiferous 

example shows that on the exterior of the shell the spaces separating the upper and 

lower carinre from the central one are more decidedly concave or groove-like. The 

surface markings also are different, consisting as near as can be made out, of trans

verse lines only. These furthermore are not sharp and equal but consist of more 

delicate lines with each third or fourth stronger than the others and sometimes 

distinguishable on the casts. The direction of the lines of growth is about the same 

in the two species. L. bicincta Hall has more ventricose whorls, less prominent 

keels and more equal and sharper surface strire. For comparison with L. perforala 

see that species. 

Formation and locality.-Trenton group, Fusispira bed, Wykoff and Fountain, Fillmore county, 
Minnesota. 

OoUections.-E. O. Ulrich; Dr. C. H. Robbins. 

LOPHOSPIRA QUADRISULCATA, n. Sp. 

PLATE LXXII. FIGS. 10-11. 

Hight 12 to 22 mm.; apical, angle 6r to 70°; volutions about six, the last large 

and ventricose below, quadrisulcate, its upper slope with a strong subcentral carina, 

dividing two distinctly concave spaces; peripheral angle thick, trilineate; beneath it 

a wide concave band, next a sharp carina, then a narrower groove and finally the 

convex base; umbilicus very small, generally bordered by an obscure ridge. Lines 

of growth sharp, thread-like, regular, just visible to the unaided eye, curving 

gently backward on the upper slope, more abruptly bent backward and then 

forward on the peripheral angle, and nearly vertical between the periphery and the 

umbilicus. 

This beautiful shell, though closely related, is readily distinguished from L. bicincta 

Hall, and all other species now referred to LopllOspira, by having a fourth carina 

and groove beneath the usual lower carina. The revolving grooves are also deeper, 

the carinre being more prominent than in that species. The upper one besides is 

usually further removed from the suture. The lines of growth are precisely the 

same in the two shells excepting that on the trilineate peripheral band in L. quadri-

8ulcata they are abruptly curved, while they are straight in L. bic·incta. 
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its general aspect it, the cast especially, reminds one greatly of L. concinnula and it 

is not at all improbable that it is a later variety of that species. Still the testiferous 

example shows that on the exterior of the shell the spaces separating the upper and 

lower carinre from the central one are more decidedly concave or groove-like. The 

surface markings also are different, consisting as near as can be made out, of trans

verse lines only. These furthermore are not sharp and equal but consist of more 

delicate lines with each third or fourth stronger than the others and sometimes 

distinguishable on the casts. The direction of the lines of growth is about the same 

in the two species. L. bicincta Hall has more ventricose whorls, less prominent 

keels and more equal and sharper surface stl'ire. For comparison with L. pe~forata 

see that species. 

Formation and locaWy.-Trenton group, Fusispira bed, Wykoff and Fountain, Fillmore county, 
Minnesota. 

OoUections.-E. O. Ulrich; Dr. C. H. Robbins. 

LOPHOSPIRA QUADRISULCATA, n. Sp. 

PLATE LXXII. FIGS. 10-11. 

Hight 12 to 22 mm.; apical, angle 6r to 70°; volutions about six, the last large 

and ventricose below, quadrisulcate, its upper slope with a strong subcentral carina, 

dividing two distinctly concave spaces; peripheral angle thick, trilineate; beneath it 

a wide concave band, next a sharp carina, then a narrower groove and finally the 

convex base; umbilicus very small, generally bordered by an obscure ridge. Lines 

of growth sharp, thread-like, regular, just visible to the unaided eye, curving 

gently backward on the upper slope, more abruptly bent backward and then 

forward on the peripheral angle, and nearly vertical between the periphery and the 

umbilicus. 

This beautiful shell, though closely related, is readily distinguished from L. uicincta 

Hall, and all other species now referred to LopllOspira, by having a fourth carina 

and groove beneath the usual lower carina. The revolving grooves are also deeper, 

the carinrn being more prominent than in that species. The upper one besides is 

usually further removed from the suture. The lines of growth are precisely the 

same in the two shells excepting that on the trilineate peripheral band in L. quadri-

8ulcata they are abruptly curved, while they are straight in L. bic·incta. 
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Formation and locality.-N ot uncommon in tbe Richmond group of the Cincinnati period at several 
localities in Fillmore county, Minnesota. Tbe majority of the specimens were collected in a railroad cut 
about two miles east of Spring Valley. 

Collertions.-Geo]ogical and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield; U. S. 
National Museum. 

l\IIuseum Register, No, 7384. 

LOPHOSPIRA HUMILIS, n. sp. (Ulrich.) 

PLATE LXXII. FIGS. 12-15. 

Hight 7 mm. to 14 mm.; apical angle 80° to 90°. Related to L. bicincta Hall, 

but distinguished at once by its low spire and two carinre instead of one on the 

upper slope of the whorls. One of these carinre is close to the suture, the other 

about midway between the suture and the peripheral band. 

Formation and locality.-Upper part of Trenton group, Mercer and Boyle counties, Kentucky, and 
Hartsvilie, Tennessee. 

Collection.-E. O. Ulrich. 

LOPHOSPIRA PROCERA, n. sp. (Ulrich.) 

PLATE LXXII. FIG. 9. 

Hight about 30 mm., width about 16 mm., apical angle 43° to 45°. 

The surface markings show that this species belongs to the Bicincta subsection, 

the direction of the lines of growth on the concave space beneath the peripheral 

angle, though oblique, being approximately straight. The comparatively great 

hight of the shell distinguishes it from the other members of its subsection. 

Formation and locality.-" Central limestone " of the Stones River group, Murfreesboro, TennesseE'. 

Collection.-E. O. Ulrich. 

LOPHOSPIRA SERRULATA, Salter. 

PLATE LXXII. FIGS. 51-55; PLATE LXXIII. FIG. 57. 

Murchisonia t1'ic((1'ino(a (CO!<RAD) HALL, 1847, Pal. New York, vol. i, p. 178, pl. XXXVIII, fig. 6c (not 
figs. 6(( and 61); VI HITFIELD (part.) 1882, Geol. of Wis., vol. iv, p. 219. 

]Jfu'l'chisol",ia .~eTJ'!tl((ta SALTEH, 1859. Can. Org. Rem., decade 1, p. 20, pl. IV, fig. 1. 
ltfl1J'chisoni(l helieteres (part.) WEI'l'"FIELD, 1882, Geol. of Wis., vol. iv, p. 22{), (not SALTER, 1859, Can. 

Org. Rem., decade 1, p.21, pl. IV, figs. 2-4.) 

Hight 20 to 45 mm.; apical angle of upper volutions 56° to 62°. Vo]utions five 

to seven, closely coiled in the upper part of the spire but in fully grown individuals 

the last whorl descends very rapidly and becomes widely separated from the 

preceding one; volutions sharply and very prominently carinated on the periphery, 

the flange-like and obliquely undulated carina with a delicate line on each side of 

its base; carina frequently terminated by a series of 'spine-like prominences 

producing the serrated edge that has suggested the specific name. Sometimes the 
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Formation anrllocality.-N ot uncommon in the Richmond group ot the Cincinnati period at several 
localities in Fillmore count,y, Minnesota. Tbe majority of the specimens were collected in a railroad cut 
about two milf's east of Spring Valley. 

Coller.tions.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield; U. S. 
National Museum . 

. Museum Register, No. 7384. 

LOPHOSPIRA HUMILIS, n. sp. (Ulrich.) 

PLATE LXXII, FIGS. 12-15. 

Hight 7 mm. to 14 mm.; apical angle 80° to 90°. Related to L. bicincta Hall, 

but distinguished at once by its low spire and two carinm instead of one on the 

upper slope of the whorls. One of these carinm is close to the suture, the other 

about midway between the suture and the peripheral band. 

Formation and locality.-Upper part of Trenton group, Mercer and Boyle counties, Kentucky, and 
Hartsvilie, Tennessee. 

Collection.-E. O. Ulrich. 

LOPHOSPIRA PROCERA, n. sp. (Ulrich.) 

PLATE LXXII, FIG. 9. 

Hight about 30 mm., width about 16 mm., apical angle 43° to 45°. 

The surface markings show that this species belongs to the Bicincta subsection, 

the direction of the lines of growth on the concave space beneath the peripheral 

angle, though oblique, being approximately straight. The comparatively great 

hight of the shell distinguishes it from the other members of its subsection. 

Formation and locality.-" Central limestone" of the Stones River group, Murfreesboro, TennesseE'. 

Colleciion.-E. O. Ulrich. 

LOPHOSPIRA SERRULATA, Salter. 

PLATE LXXII, FIGS. 51-05; PLATE LXXIII, FIG. 57. 

J}[II'f'('hisonia t)'ic((1'inula (COl'HAD) HALL, 1847, Pal. New York, vol. i, p. 178, pl. XXXVIII, fig. 6c (not 
tlg~. 6(( anel 6/)); ~ llITFIELD (part.) 1882, Geol. of Wis., vol. iv, p. 219. 

JfuI'chi8ollia ,'('T1'((/((/(( SALTEll, 1859. Can. Org. Rem., decade 1, p. 20, pl. IV, flg. 1. 
l'r[w'c/1'isoni!l h€lic/crcs (part.) WBITF1ELD, 1882, Geo!. of Wis., vol. iv, p. 220, (not SALTER, 1859, Can. 

Org. Rem., decade 1, p. 21, pI. IV, figs. 2-4.) 

Hight ~O to 45 mm.; apical angle of upper volutions 56 ° to 62°. Vol utions five 

to seven, closely coiled in the upper part of the spire but in fully grown individuals 

the last whorl descends very rapidly and becomes widely separated from the 

preceding one; volutions sharply and very prominently carinated on the periphery, 

the flange-like and obliquely undulated carina with a delicate line on each side of 

its base; carina frequently terminated by a series of 'spine-like prominences 

producing the serrated edge that has suggested the specific name. Sometimes the 
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edge is merely wavy instead of toothed, while on the last or free whorl of old 

specimens the prominences are, if not wanting entirely, at least much more irregu

larly developed. In all the body whorl has four nearly equidistant sharp carince, 

one on the upper slope a third or a little more of its width distant from the suture, 

a third beneath the peripheral one already described, and it fourth marking the 

limits of the rather large umbilicus. The latter has a distinctly convex slope, while 

the space between the third and fourth keels is gently convex in the middle, those 

between the peripheral one and the third and first decidedly concave, and that 

between the summit of the first keel and the suture line more gently hollowed out. 

As long as the whorls are in contact the upper edge is sharp so that the suture is 

not excavated, but soon after the last turn becomes free this edge is lost, the whole 

upper surface, that is, above the first carina, becoming almost uniformly rounded. 

Aperture, excepting the angulation at the peripheral carina, subcircular; in a side 

view the outer lip is deeply notched at the principal carina and somewhat angularly 

produced at the extremities of the first and third keels. Surface marked with 

regular strong sharp equidistant lines of growth on the upper whorls, the strice 

becoming more irregular and assuming an aged appearance on the free last turn. 

Their number in a given space varies, but the average at the first or upper carina is 

about three in 2 mm. The direction of the strice, beginning at the suture, is first 

gently backward and then with a slight forward curve to the summit of the first 

carina. From here they sweep regularly and very decidedly backward to the 

peripheral keel, and beneath this forward again in a corresponding degree to the 

third carina on which they make a rectangular turn and proceed with less curvature 

than above to the fourth or umbilical keel. In the umbilicus, finally, the last 

backward direction continues until overcome by the curve when a transverse course 

is maintained until the circuit is completed on the upper side of the whorl. 

In casts of the interior of young individuals all save the first three whorls, 

which are but rarely preserved, may preserve in a decided degree the angularity 

which marks the exterior, but in fully grown examples ouly the last whorl retains 

the angles and even here the peripheral carina only is distinct. (This is one of the 

points relied upon in distinguishing internal casts of this and the next species.) 

We have very little doubt of the specific identity of this common shell of the 

Stones River group in Minnesota, Wisconsin and Illinois, with the Jiurcli £,sonia 

serrulata described by Salter from the Black River group of Canada,* vVe grant 

that Salter neither mentions nor figures his species as having the last volution 

uncoiled, but this is readIly explained if we assume, and bis illustration justifies us 

in doing so, that he had only young or imperfect examples. We have numerous 

• With the Canadian geologists this term includes the. Birdseye or Stones Ri vel' group. 
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edge is merely wavy instead of toothed, while on the last or free whorl of old 

specimens the prominences are, if not wanting entirely, at least much more irregu

larly developed. In all the body whorl has four nearly equidistant sharp carinffi, 

one on the upper slope a third or a little more of its width distant from the suture, 

a third beneath the peripheral one already described, and it fourth marking the 

limits of the rather large umbilicus. The latter has a distinctly convex slope, while 

the space between the third and fourth keels is gently convex in the middle, those 

between the peripheral one and the third and first decidedly concave, and that 

between the summit of the first keel and the suture line more gently hollowed out. 

As long as the whorls are in contact the upper edge is sharp so that the suture is 

not excavated, but soon after the last turn becomes free this edge is lost, the whole 

upper surface, that is, above the first carina, becoming almost uniformly rounded. 

Aperture, excepting the angulation at the peripheral carina, subcircular; in a side 

view the outer lip is deeply notched at the principal carina and somewhat angularly 

produced at the extremities of the first and third keels. Surface marked with 

regular strong sharp equidistant lines of growth on the upper whorls, the striffi 

becoming more irregular and assuming an aged appearance on the free last turn. 

Their number in a given space varies, but the average at the first or upper carina is 

about three in 2 mm. The direction of the striffi, beginning at the suture, is first 

gently backward and then with a slight forward curve to the summit of the first 

carina. From here they sweep regularly and very decidedly backward to the 

peripheral keel, and beneath this forward again in a corresponding degree to the 

third carina on which they make a rectangular turn and proceed with less curvature 

than above to the fourth or umbilical keel. In the umbilicus, finally, the last 

backward direction continues until overcome by the curve when a transverse course 

is maintained until the circuit is completed on the upper side of the whorl. 

In casts of the interior of young individuals all save the first three whorls, 

which are but rarely preserved, may preserve in a decided degree the angularity 

which marks the exterior, but in fully grown examples only the last whorl retains 

the angles and even here the peripheral carina only is distinct. (This is one of the 

points relied upon in distinguishing internal casts of this and the next species.) 

We have very little doubt of the specific identity of this common shell of the 

Stones River group in Minnesota, Wisconsin and Illinois, with the Murch isollia 

serrulata described by Salter from the Black River group of Canada,* We grant 

that Salter neither mentions nor figures his species as having the last volution 

uncoHed, but this is readIly explained if we assume, and his illustration justifies us 

in doing so, that he had only young or imperfect examples. We have numerous 

• With the Oanadian geologists this term includes the. Birdseye or Stones Ri vel' ;>:roup. 
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specimens precisely like his in that respect. Two other features, however, shown in 

his illustrations are less easily reconciled with our specimens, and we confess that we 

can do so only by assuming that his drawings are not entirely trustworthy. We are 

loath to admit so mnch variation in at least one of the characters for we have found 

it to be remarkably constant in all other species. We refer namely to the direction 

of the lines of growth. These, we believe, do not bend sufficiently backward and 

forward in Salter's figures. In justification of our view we would point out the 

fact that his two figures (l and 1 *) are not exactly alike, so that it is not entirely 

unwarranted to assume that neither agrees exactly with the specimen. Then he 

represents the upper carina as nearer the suture than we have seen it, and farther 

from the peripheral angle than it should be if his description is correct is saying 

that the first and third keels are equally distant from the second. 

As to Murchisonia tricaJ'inata Hall, under which name Prof. Whitfield (lac. cit.) 

referred to young examples of both L. sert'ulata and L. helicteres, we have not the 

slightest doubt that HaJl's fig. 6c was taken from an imperfect testiferous example 

of L. serrulata. This specimen, however, has four carinrn and is evidently distinct 

from the type represented by his figs, 6a and b. It was moreover only doubtfully 

referred to tricarinata by Hall himself. The validity of the species tricarinata, 

therefore, must be determined solely by the original description and type and not 

by Hall's second specimen which we have said is clearly referable to L. serrulata 

SaJter. L. serrulata is the only species of the genus known to us having the fiange

like peripheral keel serrated on the edge like a circular saw.* It is an excellent 

specific character, though unfortunately leaving no trace of its presence on casts of 

the interior. Still, the beds in which the species occurs in that condition are of 

such a nature that very often an excellent artificial cast of the exterior can be 

prepared from the natural mold enclosing the interior cast. The species is readily 

distinguished by other peculiarities, as may be seen by comparing it with other species 

described in this report. Some difficulty will probably be experienced in making a 

successful separation between it and the next species, L. helicteres, particularly 

when internal casts only are available. For comparisons see under that species. 

FO),lI1otion and locality.-Stones River group, in the Vanuxemia bed chiefly, at Minneapolis and 
St_ P.tUl, Minnesota, Mineral Point, Janes'lille, Bellville and Beloit, Wisconsin, and Dixon, Illinois. 
Also in the Black River group (Upper Buff limestone) at Beloit, Wisconsin, and in central Tennessee 
(Carter's Creek limestone). In Canada the species occurs at Panquette's rapids in the Ottawa river in 
strata said to])e of the age of the Black River group. 

Oolledions.-Geological and Natural IIi story Survey of Minnesota; E. O. Ulrich; Prof. J. M. Safford. 
Museum Register, No. 7283. 

~--

* PI'"f. Whitfield on two o('('lL,io[ls credits other species with such keels, the first time in Geol. of Wis., vol. iv, p. 221, 
whe,·c be says it is occasionally or fre'lllently lIlot with in ;lInrchisonia (Lop/tospircli helieteres and lYI. tricarinata' We second 
t.ime in 1880, BLlll. No. viii, ArneI'. Mus. Nat. His1.. p. 311. when he says it occurs in "Many of the specimens [Of'LOphOSP'lra] 
especially of J1. millen:" [L. 7,icinclil.] We are convinced that in both cases he refers to specimens of the form wbicb we 
iuentify with L. 86rnL!at(L S,dter, since among tue numerous specimens of L. heliewns and L. bieineta studied by us we bave 
never observed ey-en a semlJlalH::e of such a, keel. 
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specimens precisely like his in that respect. Two other features, however, shown in 

his illustrations are less easily reconciled with our specimens, and we confess that we 

can do so only by assuming that his drawings are not entirely trustworthy. We are 

loath to admit so mnch variation in at least one of the characters for we have found 

it to be remarkably constant in all other species. We refer namely to the direction 

of the lines of growth. These, we believe, do not bend sufficiently backward and 

forward in Salter's figures. In justification of our view we would point out the 

fact that his two figures (1 and 1 *) are not exactly alike, so that it is not entirely 

unwarranted to assume that neither agrees exactly with the specimen. Then he 

represents the upper carina as nearer the suture than we have seen it, and farther 

from the peripheral angle than it should be if his description is correct is saying 

that the first and third keels are equally distant from the second. 

As to Murchisonia trical'inata Hall, under which name Prof. Whitfield (lac. cit.) 

referred to young examples of both L. serrulata and L. helicteres, we have not the 

slightest doubt that Hall's fig. 6c was taken from an imperfect testiferous example 

of L. serrulata. This specimen, however, has four carinffi and is evidently distinct 

from the type represented by his figs. 6a and b. It was moreover only doubtfully 

referred to tricarinata by Hall himself. The validity of the species tricarinata, 

therefore, must be determined solely by the original description and type and not 

by Hall's second specimen which we have said is clearly referable to L. serrulata 

Sa,lter. L. serrulata is the only species of the genus known to us having the flange

like peripheral keel serrated on the edge like a circular saw.* It is an excellent 

specific character, though unfortunately leaving no trace of its presence on casts of 

the interior. Still, the beds in which the species occurs in that condition are of 

such a nature that very often an excellent artificial cast of the exterior can be 

prepared from the natural mold enclosing the interior cast. The species is readily 

distinguished by other peculiarities, as may be seen by comparing it with other species 

described in this report. Some difficulty will probably be experienced in making a 

successful separation between it and the next species, L. helicteres, particularly 

when internal casts only are available. For comparisons see under that species. 

FOl'lnrtfion and locality.-Stones River group, in the Vanuxemia bed chiefly, at Minneapolis and 
St. P,lUl, Minnesota, Mineral Point, Janes'lille, Bellville and Beloit, Wisconsin, and Dixon, Illinois. 
Also in the Blac.le River gruup (Upper Butl' limestone) at Beloit, Wisconsin, and in central Tennessee 
(Carter's Creek limestone). In Canada the species occurs at Panquette's rapids in the Ottawa river in 
strata said to be of the age of the Black Ri ver group. 

Collectio71s.-Geological and Natnral History Survey of Minnesota; E. O. Ulrich; Prof. J. M. Safford. 
Museum Register, No. 7283. 

---
* 1'1'''[' Wllit.field on j IVa 0"(,,,sion5 credits other species with such keels, the first time In Geol. of Wis., vol. iv, p. 221, 

where btl says it is oecasionally or frCfjUeutly lIlet with in l1Iurchisonia (Loplwspit'al helieteres and M. tricarinata' the second 
t.irue in 1880, Bull. Nu. viii. Amer. Mus. Nat. Risl.., p. 311, when 11e says it occurs in "Many of tbe specimens [Or'LOPhosPira] 
especially of JI. miller;" lL. ),;cillCta.] \\'e are con"ineed tiJrLt in both cases he refers to specimens of the form whioh we 
illentify with L. "el'mlata Salter, since among tbe numerous specimens of L. helicte1'fs and L. bicincta studied by us we have 
never observed 8yen a sembla.nce of such a. keel. 



GASTROPODA. 971 
LOllbospira belloteres.] 

LOPHOSPIRA HELIOTERES Salter, val'. WISOONSINENSIS, n. var. 

PLATE Lxxn. FIGS. ~5-28. 

Murchisonia helicteres SAL'l'ER, 1859, Can. Org. Rem., Dec. 1, p. 21, pJ. IV, figs. 2--4. 
Murchisonia helicteres et tricarinata (part.) WUITFIELD, 18b2, GeoL lOf Wis., vol. iv, DD. 219 and 220. 

Hight 28 to 68 mm.; apical angle of upper volutionli 58" to 65", of entire full 

grown shell 40° to 45°. Volutions five or six, of which the first three or four are 

closely coiled and the last one or two, or even three, are free and widely separated. 

The free whorls are marked on the exterior hy five keels, the uppermost heing the 

least distinct and representing the suture line; the second is stronger and in the 

upper part of the shell situated almost midway hetween the suture line and the 

peripheral angle, but after the whorls become free it is moved relatively much 

nearer the sutural edge; the third or peripheral carina is the strongest and most 

prominent, and bluntly or rounded fiat, or even concave at the edge; above it the 

surface is decidedly concave, beneath it for the greater part to the fourth carina 

almost flat; the latter is situated about the same distance from the central keel as 

the second but is scarcely as strong; the fifth keel is relatively weak and situated 

on the base of the whorl. Surface with distinct, sharp, equidistant lines of growth 

averaging eight or nine in 5 mm. Their course from the suture to the peripheral 

angle is almost direct, as it is also from here to the hasal keel. N ear and on the 

peripheral keel a more or less abrupt retral curve occurs, indicating an unusually 

restricted notch in the outer lip of the aperture. 

In casts of the interior the two upper cariucB appear as very near eacll other, 

yet distinguishahle as far up the spire as the third or even the second volution. 

The peripheral angle, though gradually losing its prominence, may be recognized 

on all the whorls. The fourth is but rarely distinguishable, the fifth, never. 

The above describes the main characters of the Wisconsin and Minnesota 

variety of this species. As may have been noticed, it differs in two respects from 

the typical Canadian' form, namely, (1) the surface strim are more regular and much 

less curved backward in consequence of which the insinuation in the outer lip of 

the aperture is relatively very small; second, they have a basal or umbilical keel 

(similar to the one in L. serrulata) which is wanting in the typical variety. The 

latter occurs not only in Canada but in central Kentucky as well, while the val'. 

wisconsinensis is, so far as known, restricted to the northwestern area. 

This fine Lophospira, though really widely different, greatly resembles, in the 

usual condition in which they occur, the preceding species, L. serrulata. Both are 

strongly carinated and have the last whorls free, while the surface strim also are 

similar in being strong and sharp in both. Still, when the shells themselves, or good 

molds of their exterior surface, could be compared, we found little difficulty in 

GASTROPODA. 971 
LOllbospira hell(Jteres.] 

LOPHOSPIRA HELIOTERES Salter, var. WISOONSINENSIS, n. var. 

PLATE LXXII. FIGS. ~5-28. 

Murchisonia helicteres SAL'l'ER, 1859, Can. Org. Rem., Dec. 1, p. 21, pl. IV, flgs. 2--4. 
Murchisonia helictens et t7'icarinata (part.) WUITFIELD, 18b2, GeoL uf Wis., vol. iv, pp. 219 and 220. 

Hight 28 to 68 mm.; apical angle of upper volution::; 58" to 65'", of entire full 

grown shell 40° to 45°. Volutions five or six, of which the first three or four are 

closely coiled and the last one or two, or even three, are free and widely separated. 

The free whorls are marked on the exterior hy five keels, the uppermost heing the 

least distinct and representing the suture line; the second is stronger and in the 

upper part of the shell situated almost midway hetween the suture line and the 

peripheral angle, but after the whorls become free it is moved relatively much 

nearer the sutural edge; the third or peripheral carina is the strongest and most 

prominent, and bluntly or rounded fiat, or even concave at the edge; above it the 

surface is decidedly concave, beneath it for the greater part to the fourth carina 

almost flat; the latter is situated about the same distance from the central keel as 

the second but is scarcely as strong; the fifth keel is relatively weak and situated 

on the base of the whorl. Surface with distinct, sharp, equidistant lines of growth 

averaging eight or nine in 5 mm. Their course from the suture to the peripheral 

angle is almost direct, as it is also from here to the basal keel. N ear and on the 

peripheral keel a more or less abrupt retral curve occurs, indicating an unusually 

restricted notch in the outer lip of the aperture. 

In casts of the interior the two upper carinm appear as very near eacll other, 

yet distinguishable as far up the spire as the third or even the second volution. 

The peripheral angle, though gradually losing its prominence, may be recognized 

on all the whorls. The fourth is hut rarely distinguishahle, the fifth, never. 

The above describes the main characters of the Wisconsin and Minnesota 

variety of this species. As may have been noticed, it differs in two respects from 

the typical Canadian' form, namely, (1) the surface strim are more regular and much 

less curved backward in consequence of which the insinuation in the outer lip of 

the aperture is relatively very small; second, they have a basal or umbilical keel 

(similar to the one in L. serrulata) which is wanting in the typical variety. The 

latter occurs not only in Canada but in central Kentucky as well, while the val'. 

wisconsinBnsis is, so far as known, restricted to the northwestern area. 

This fine Lophospira, though really widely different, greatly resembles, in the 

usual condition in which they occur, the preceding species, L. serrulata. Both are 

strongly carinated and have the last whorls free, while the surface strim also are 

similar in being strong and sharp in both. Still, when the shells themselves, or good 

molds of their exterior surface, could be compared, we found little difficulty in 
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lLophospira perangulata. 

separating them. In the first place, the free whorls of L. serrulata have only four 

carince, being entirely without the uppermost or sutural keel which occurs con

stantly in L. helicteres. Then the surface strice in cro~sing the shell from keel to 

keel in the latter are directed very much less backward and forward than is the 

case in the former. The outer edge of the aperture is therefore quite different in 

the two species. (Compare figs. 26 and 55 on pI. LXXII.) With practice it is 

possible to distinguish them almost at a glance, and it is not by any means a hope

less task even when we have nothing but the casts of the interior. When the casts 

are entire at the aperture, L. serrulata is recognized by the projecting angles at the 

extremities of the first and third carince and the wide> shaped notch between them. 

When this test is not available then we must rely upon the relative distinctness of 

the carince on the upper whorls. They are recognizable much farther up on the 

spire in L. helicteres than in L. serrulata, providing, of course, the specimens are of 

equal size. 

It is possible that the shell above described is the one which Conrad named 

M. trical'inata, but Halls figures of that species are so poor that we cannot be blamed 

if we have made a synonym. 

Formation and locality.-Stones River group, Minneapolis and St. Paul, Minnesota; Mineral Point, 
.Janesville and Beloit, Wisconsin; and Dixon, Illinois. Th~ typical form is from the Biack River group 
at Pauquette's rapids, Ottawa river, Canada. We have it also from a similar horizon in Mercer county, 
Kentucky. It is said to occur also in the Upper Buff limestone in Wisconsin. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 6858, 7360. 

LOPHOSPIRA PERANGULATA Hall. 

PLA TE LXIII, FIGS. 1~7. 

1I11lI"clii.'olliaperallgulula HALL. 1847, Pal. N. Y., Y01. i, p. 41, pl. x, fig. 4; not p. 179, pI. XXXVIII, figs. 
7((, 71); SAL'l'EH, 1859, Can. Org. Rem., decade 1, p. ]9, pI. IV, fig. 7. 

Shell small, hight 10 to ~O mm.; apical angle usually ab"out 52°, but varying 

between 50" and 57". Volutions about six, the last inclining to become free, 

scarcely ventrieose below, very gently concave above; peripheral band prominent, 

sharp, trilineate; lower earina distinct though not very prominent, sometimes very 

obscure on casts of the interior; upper slope without a carina" the gentle concavity 

extending to the suture. A small, abruptly defined umbilicus always present . 

. Mouth subtriangular, slightly drawn out below. Surface markings consisting of two 

sets of strongly recurved lines of growth, one distant and sublamellose, the other 

mueh finer and closely arranged between the former. 

We have every reason to believe that the shell above described is identical with 

the Birdseye type of the species, but it is not the same as the Trenton form which 
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separating them. In the first place, the free whorls of L. serrulata have only four 

carince, being entirely without the uppermost or sutural keel which occurs con

stantly in L. hel£cteres. Then the surface strice in cro~sing the shell from keel to 

keel in the latter are directed very much less backward and forward than is the 

case in the former. The outer edge of the aperture is therefore quite different in 

the two species. (Compare figs. 26 and 55 on pI. LXXII.) With practice it is 

possible to distinguish them almost at a glance, and it is not by any means a hope

less task even when we have nothing but the casts of the interior. When the casts 

are entire at the aperture, L. serrulata is recognized by the projecting angles at the 

extremities of the first and third carince and the wide> shaped notch between them. 

When this test is not available then we must rely upon the relative distinctness of 

the carince on the upper whorls. They are recognizable much farther up on the 

spire in L. helicteres than in L. serrulata, providing, of course, the specimens are of 

equal size. 

It is possible that the shell above described is the one which Conrad named 

M. tricarinata, but Halls figures of that species are so poor that we cannot be blamed 

if we have made a synonym. 

Formation and locality.-Stones River group, Minneapolis and St. Paul, Minnesota; Mineral Point, 
.Janesville and BeJoit, Wisconsin; and Dixon, Illinois. Th~ typical form is from the Biack River group 
at PautJuette's rapids, Ottawa river, Canada. We have it also from a similar horizon in Mercer county, 
Kentucky. It is said to OCCLlr also in the Upper Buff limestone in Wisconsin. 

Colleetions.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 6858, 7360. 

LOPHOSPIRA PERANGULATA Hall. 

PLA TE LXIII, FIGS. 1-7. 

JJb.llTI,i.,olliapcr((Jl{)ulrlla HALL, 1847, Pal. N. Y., vol. i, p. 41, pl. x, fig. 4; not p. 179, pI. XXXVIII, figs. 
7((, 7/J; SALTElt, 1859, Can. Org. Rem., decade 1, p. 19, pI. IV, fig. 7. 

Shell small, hight 10 to 20 mm.; apical angle usually ab"out 52°, but varying 

between 50' and 5T. Volutions about six, the last inclining to become free, 

scarcely ventricose below, very gently concave above; peripheral band prominent, 

sharp, trililleate; lower carina distinct though not very prominent, sometimes very 

obscure on casts of the interior; upper slope without a carina, the gentle concavity 

extending to the suture. A small, abruptly defined umbilicus always present. 

l\Iouth subtriangular, slightly drawn out below. Surface markings consisting of two 

sets of strongly recurved lines of growtb, one distant and sublamellose, the other 

much finer and closely arranged between the former. 

We have every reason to believe that the shell above described is identical with 

the Birdseye type of the species, but it is not the same as the Trenton form which 



Lophosplra aouminata.J 
GASTROPODA. 973 

Hall united with it. The latter, if correctly represented by Hall's figures (loc. cit.), 

is so different that we have no hesitation in pronouncing it a distinct species. So 

far as our experience is concerned, L. petangulata is an unusually constant species. 

Our figures represent extremes of variation as exhibited in a large number of 

specimens. 

F01'mation and locality.-Stones River group, Watertown, New York; Murfn"esboro, Tennessee; 
Mercer county, Kentucky; and, somewhat doubtfully, Minneapolis, Minnesota; Black River gTOllp, Pan
quette's rapid, Canada. 

Oollection.-E. O. Ulrich. (About 100 specimens.) 

LOPHOSPIRA ACUMINATA, n. sp. (or val'. of PERANGUIJATA.) 

PLATE LXXIII, FIG. 8. 

Hight 10 mm. or less; apical angle about 42°. Volutions seven or eight, all 

contiguous; peripheral carina very prominent, trilineate, the central part of the 

band sharply angular; lower carina very strong, upper carina wanting; no umbilicus. 

Resembles and perhaps is merely a later variety of L. perangulata Hall, yet 

readily enough distinguished by its more depressed and more numerous volutions, 

especially considering that it is a smaller shell. It differs further in being relatively 

higher, the apical angle being narrower, in the greater prominence of the carinCB, 

and in wanting the umbilicus which is so constantly present in Hall's species. A 

variety of L. pulchella is rather abundantly associated with this species at Spring 

Valley, Minnesota. It may be distinguished at once by its relatively strong upper 

keel, L. acuminata being without this keel. 

Formation ancl locality.-Richmond group, Richmond, Indiana, Blanchester, Ohio; and near Spring 
Valley, Minnesota. 

Collections.-Geological and Naturai History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 7383. 

LOPHOSPIRA MEDIALIS, n. sp. 

PLATE LXXIII, FIGS. ~3-~O. 

Hight 12 to 22 mm.; apical angle 58° to 70°, the average about 63°. Volutions 

six or seven, all contignous, somewhat depressed, rounded below; upper slope nearly 

fiat, generally It little concave in the outer half and gently convex toward the suture, 

occasionally convex enough to form an obscure subsutural angulation; lower carina 

becoming less distinct with age, never strong, generally quite indistinct; between it 

and the prominent peripheral carina, which carries the rounded band, the outline is 

more or less concave; umbilicus small but always present. Surface markings rather 

strong, lamellose, strongly curved backward, often gathered into undulating groups 

near the umbilicus. 

Lophosplra acuminata.J 
GASTROPODA. 973 

Hall united with it. The latter, if correctly represented by Hall's figures (lac. cit.), 

is so different that we have no hesitation in pronouncing it a distinct species. So 

far as our experience is concerned, L. perangulata is an unusually constant species. 

Our figures represent extremes of variation as exhibited in a large number of 

specimens. 

F01'mation and locality.-Stones River group, Watertown, New York; Murfreesboro, Tennessee; 
Mercer county, Kentucky; and, somewhat doubtfully, Minneapolis, Minnesota; Black Riv(;!' grollp, Pan
quette's rapid, Canada. 

Oollection.-E. O. Ulrich. (About 100 specimens.) 

LOPHOSPIRA ACUMINATA, n. sp. (or var. of PERANGULATA.) 

PLATE LXXIH, FIG. B. 

Hight 10 mm. or less; apical angle about 42°. Volutions seven or eight, all 

contiguous; peripheral carina very prominent, trilineate, the central part of the 

band sharply angular; lower carina very strong, upper carina wanting; no umbilicus. 

Resembles and perhaps is merely a later variety of L. perangulata Hall, yet 

readily enough distinguished by its more depressed and more numerous volutions, 

.especially considering that it is a smaller shell. It differs further in being relatively 

higher, the apical angle being narrower, in the greater prominence of the carinCB, 

and in wanting the umbilicus which is so constantly present in Hall's species. A 

variety of L. pulchella is rather abundantly associated with this species at Spring 

Valley, Minnesota. It may be distinguished at once by its relatively strong upper 

keel, L. acuminata being without this keel. 

Formation ana locality.-Richmond group, Richmond, Indiana, Blanchester, Ohio; Bnd near Spring 
Valley, Minnesota. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 7383. 

LOPHOSPIRA MEDIALIS, n. Sp. 

PLATE LXXIII, FIGS. ~,3-~O. 

Hight 12 to 22 mm.; apical angle 58° to 70°, the average about 63°. Volutions 

six or seven, all contignous, somewhat depressed, rounded below; upper slope nearly 

flat, generally a little concave in the outer half and gently convex toward the suture, 

occasionally convex enough to form an obscure subsutural angulation; lower carina 

becoming less distinct with age, never strong, generally quite indistinct; between it 

and the prominent peripheral carina, which carries the rounded band, the outline is 

more or less concave; umbilicus small but always present. Surface markings rather 

strong, lamellose, strongly curved backward, often gathered into undulating groups 

near the umbilicus. 
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LLophosplra medialis. 

N early intermediate between L. perangztlata Hall and L. sororcula Billings sp., 

having a small umbilicus and depressed volutions like the former and a hight of 

spire and general appearance more like the latter. The convexity or· obscure 

angulation of the upper part of the volutions, as well as the lesser development of 

the lower carina, distinguishes it from both and snggests relationship with L. oweni 

and L. ampla. 

Formation and locality.-Rare in the Trenton group of Minnesota, in the Olitambonites bed at St. 
Paul, and the Fusispira bed at WykotI; common in the upper beds of the Trenton between Burgin and 
Danville and at other localities in Kentucky; occurs also in middle Tennessee and in Lincoln county, 
Missouri. 

Oollection.-E. O. Ulrich. (45 specimens.) .. 
LOPHOSPIRA MEDIALIS, Val'. BURGINENSIS, n. var. (Ulrich.) 

PLATE LXXIII. FIGS. 30 and 31. 

Hight 10 to 14 mm., apical angle almost constantly 600; volutions six. 

Agrees in all respects with A1. medialis excepting that the average size is less, 

and the lower carina much stronger and more prominent. The lower carina causes 

also a flattening of the base that does not occur in the typical variety. 

Val'. burginensis, having a small umbilicus, must still remain separate from the 

Quebec group L. sororcula Billings. It resembles very greatly also L. pulchella, but 

has a wider apical angle, while the subsutural or upper carina is never well defined 

as it is in that species. In L. perangulata the apical angle is somewhat narrower, 

the slope of the upper side of the whorls less steep, and the space between the 

peripheral and lower carinffi more nearly vertical and less concave. 

Formation ancI locality.- Opper part of the Trentcm group, Burgin, Danville, Lexington and other 
localities in Kentucky. 

Oollection.-E. O. Ulrich. (:35 specimens.) 

LOPHOSPIRA ABNORMIS, n. sp. (Ulrich.) 

PLATE LXXIII, FIGS. 36-40. 

Hight 15 to 20 mm.; apical angle increasing with growth from 42° to 53°; 
volutions six or seven. 

The size, surface markings, umbilicus and form of the volutions is almost 

exactly as in L. medialis, and if the last two whorls only were compared it would 

be most difficult to distinguish them, Still, a comparison of interior casts, the 

condition in which L. abnormis is usually found, will show that in the present 

species the umbilicus is less abrupt and the peripheral angle of the whorls more 

prominent and situated lower down, causing the upper slope to be slightly wider, 

higher and more convex. Besides the casts show an obscure revolving line or ridge 

97-1: THE PALEONTOLOGY OF MINNESOTA. 
LLophosplra medialls. 

N early intermediate between L. perangztlata Hall and L. sororcula Billings sp., 

having a small umbilicus and depressed volutions like the former and a hight of 

spire and general appearance more like the latter. The convexity or· obscure 

angulation of the upper part of the volutions, as well as the lesser development of 

the lower carina, distinguishes it from both and suggests relationship with L. oweni 

and L. ampla. 

F01'mation and locality.-Rare in the Trenton group of Minnesota, in the Clitambonites bed at St. 
Paul, and the Fusispira bed at WykoiI; common in the upper beds of the Trenton between Burgin and 
Danville and at other localities in Kentucky; occurs also in middle Tennessee and in Lincoln county, 
Missouri. 

Collection.-E. O. Ulrich. (45 specimens.) ... 

LOPHOSPIRA MEDIALIS, var. BURGINENSIS, n. var. (Ulrich.) 

PLATE LXXIII. FIGS. 30 and 31. 

Hight 10 to 14 mm., apical angle almost constantly 600; volutions six. 

Agrees in all respects with A1. medialis excepting that the average size is less, 

and the l()wer carina much stronger and more prominent. The lower carina causes 

also a flattening of the base that does not occur in the typical variety. 

Var. burginensis, having a small umbilicus, must still remain separate from the 

Quebec group L. sororcula Billings. It resembles very greatly also L. pulchella, but 

has a wider apical angle, while the subsutural or upper carina is never well defined 

as it is in that species. In L. perangulata the apical angle is somewhat narrower, 

the slope of the upper side of the whorls less steep, and the space between the 

peripheral and lower carinffi more nearly vertical and less concave. 

Formation anc7 locality.- Opper part of the Trentcm group, Burgin, Dan ville, Lexington and other 
localities in Kentucky. 

Collection.-E. O. Ulrich. (:35 specimens.) 

LOPHOSPIRA ABNORMIS, n. sp. (Ulrich.) 

PLATE LXXIII, FIGS. 36-40. 

Hight 15 to 20 mm.; apical angle increasing with growth from 42° to 53°; 
volutions six or seven. 

The size, surface markings, umbilicus and form of the volutions is almost 

exactly as in L. medialis, and if the last two whorls only were compared it would 

be most difficult to distinguish them, Still, a comparison of interior casts, the 

condition in which L. aunonnis is usually found, will show that in the present 

species the umbilicus is less abrupt and the peripheral angle of the whorls more 

prominent and situated lower down, causing the upper slope to be slightly wider, 

higher and more convex. Besides the casts show an obscure revolving line or ridge 



GASTROPODA. 975 
Lophospira decursa.] 

close to the umbilicus which is not seen in L. medialis. But the peculiarity chiefly 

relied upon is the unusual fact that the apical angle of the first four or five whorls 

is only about 42°, while with the last turn the angle is increased to quite 53"; and 

taking only the last two volutions the angle is over 60°. 

The marked increase in the apical angle distinguishes this species from all 

others now referred to Lophospira. Aside from this feature L. peranguZata agrees 

nearly as well as L. medialis. Differing in the same manner as that species, the 

perangulata varies further in having constantly a carina beneath the peripheral one 

of which no sign is to be seen on L. abnormis. 

Formation and locality.-Upper part of the Trenton group, Covington, Kentucky. 

Oollection.-E. O. Ulrich. 

LOPHOSPIRA DECURSA, n. Sp. (Ulrich.) 

PLA TE LXXIII, FIG. 10. 

Hight 22 to 28 mm.; apical angle 40° to 44 0
• Volutions about six; peripheral 

carina situated unusually low, causing the slope of the upper side to be uncommly 

steep; upper slope flat or with a slight swelling near the suture; concave space 

between peripheral and lower carinaJ relatively narrow; no umbilicus. 

Near L. perangulata, but is a larger and relatively narrower shell, with the 

peripheral carina lower and the concave space beneath it narrower. The absence 

of an umbilicus is also distinctive. 

Formation ana locality.-Trenton group, Burgin, Kentucky. 

Oollection.-E. O. Ulrich. 

LOPHOSPIRA PRODUCTA, n. sp. (Ulrich.) 

PLATE LXXIII, FIG. :)1. 

Hight about 42 mm.; greatest diameter 18 mm.; apical angle about 32°. Volu

tions about ten, strongly angular, rather high, the upper slope rather wide, concave 

to the suture except on the last whorl on which there is a slight thickening of the 

upper edge (not a carina) causing a slight deepening of the suture as we follow it 

down the spire; peripheral band prominent, rather thick, situated below the center 

of the exposed part of the upper whorls; lower carina well developed, exposed on all 

the volutions, its lower side forming the upper border of the suture line. Umbilicus 

open, comparatively large, the base of the shell rounding less abruptly into it than 

usual. Aperture rather high, straight upon the inner side, angular below; inner lip 

comparatively thin. Surface markings obscurely preserved in the specimen, 

apparently as in L. perangulata. 
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close to the umbilicus which is not seen in L. medialis. But the peculiarity chiefly 

relied upon is the unusual fact that the apical angle of the first four or five whorls 

is only about 42°, while with the last turn the angle is increased to quite 53 c
,; and 

taking only the last two volutions the angle is over 60° . 

The marked increase in the apical angle distinguishes this species from all 

others now referred to Lophospira. Aside from this feature L. peranguZ(/ta agrees 

nearly as well as L. medialis. Differing in the Eame manner as that species, the 

perangulata varies further in having constantly a carina beneath the peripheral one 

of which no sign is to be seen on L. abnorm£s. 

Formation and locality.-Upper part of the Trenton group, Covington, Kentucky. 

Oollection.-E. O. Ulrich. 

LOPHOSPIRA DECURSA, n. Sp. (Ulrich.) 

PLA TE LXXIII, FW. 10. 

Hight 22 to 28 mm.; apical angle 40° to 44°. Volutions about six; peripheral 

carina situated unusually low, causing the slope of the upper side to be uncommly 

steep; upper slope flat or with a slight swelling near the suture; concave space 

between peripheral and lower carinm relatively narrow; no umbilicus. 

Near L. perangulata, but is a larger and relatively narrower shell, with the 

peripheral carina lower and the concave space beneath it narrower. The absence 

of an umbilicus is also distinctive. 

Formation and locality.-Trenton group, Burgin, Kentucky. 

Oollection.-E. O. Ulrich. 

LOPHOSPIRA PRODUCTA, n. sp. (Ulrich.) 

PLATE LXXIII, FIG. :)1. 

Hight about 42 mm.; greatest diameter 18 mm.; apical angle about 32°. Volu

tions about ten, strongly angular, rather high, the upper slope rather wide, concave 

to the suture except on the last whorl on which there is a slight thickening of the 

upper edge (not a carina) causing a slight deepening of the suture as we follow it 

down the spire; peripheral band prominent, rather thick, situated below the center 

of the exposed part of the upper whorls; lower carina well developed, exposed on all 

the volutions, its lower side forming the upper border of the suture line. Umbilicus 

open, comparatively large, the base of the shell rounding less abruptly into it than 

usual. Aperture rather high, straight upon the inner side, angular below; inner lip 

comparatively thin. Surface markings obscurely preserved in the specimen, 

apparently as in L. perangulata. 
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[Lophospira cODoldea. 

This species, considering that it is a close ally of L. perangulata and L. elevata, 

and therefore an undoubted Lophospim, is remarkable for the great elevation of 

the spire. It reminds decidedly of L. bowdeni Safford sp., but has a larger umbilicus, 

more angular volutions and a well developed lower carina, a feature that is scarcely 

distinguishable in that species. In our opinion L. producta has been developed from 

L. perangulata, while L. bowdeni probably had its origin in L. oweni. 

FOl'1Jwlion uncI loculi/y.-Upper Trenton, Nashville, Tennessee. 

Oollection.-E. O. Ulrich. 

LOPHOSPIRA CONOIDEA, n. sp. (Ulrich.) 

PLATE LXXIII. FIG. 22. 

Hight about 40 mm.; apical angle 42°. Volutions about six, somewhat loosely 

coiled. Peripheral carina prominent, situated very low for the genus, just above 

the deep suture, the edge thick and flat rather than round. An angulation about 

the middle of the under side of the last whorl surrounds a slight depression which 

farther inward sinks rather suddenly into a deep umbilicus. Upper slope slightly 

concave in the lower half, convex in the upper. Lines of growth sweeping strongly 

backward to the peripheral band, consisting without regularity of stronger and 
weaker striffi. 

This species is remarkable for the low position of the peripheral band. In this 

it has gone a step farther than L. producta, which we believe connects it with L. 
decursa and through that with L. perangulata. 

Fonnution ana loCCtI·ity.-The type specimen was found by Prof. J. M. Safford in the Trenton group 
at Nashville, Tennessee. 

LOPHOSPIRA PERA(1UTA, n. sp. 

PLATE LXXIII, FIGS. 15-17. 

Hight 25 to 40 mm.; apical angle 58°. Volutions five or SIX; peripheral band 

rather sharp and very prominent; upper surface of volutions gently concave to the 

suture, without a trace of the carina; lower carina wanting; umbilicus small, 

aperture rounded below and upon the inner side; surface markings obscure, curving 
backward strongly. 

In this species the peripheral angle is sharper and more prominent than in any 

other known to us. The mouth is shorter and rounder upon the inner side and the 

volutions project over each other in a greater degree than in L. oweni. The shell 

is much larger, and the peripheral angle more prominent than in L. perangulata. 

That species differs further in having a lower carina. L. ampla has a wider apical 

angle, a subsutural canna, and a differently shaped aperture. In L. sumnerensis 

976 THE PALEONTOLOGY OF MINNESOTA. 
[Lophospira cODoldea. 

This spe0ies, considering that it is a close ally of L. perangulata and L. elevata, 

and therefore an undoubted Lophospira, is remarkable for the great elevation of 
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suture, without a trace of the carina; lower carina wanting; umbilicus small, 

aperture rounded below and upon the inner side; surface markings obscure, curving 
backward strongly. 

In this species the peripheral angle is sharper and more prominent than in any 

other known to us. The mouth is shorter and rounder upon the inner side and the 

volutions project over each other in a greater degree than in L. oweni. The shell 

is much larger, and the peripheral angle more prominent than in L. perangulata. 

That species differs further in having a lower carina. L. ampla has a wider apical 

angle, a subsutural canna, and a differently shaped aperture. In L. sumnerensis 
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(Safford) the last volution is relati vely much higher and the peripheral angle not 

nearly so prominent. In general the species may be said to occupy an intermediate 

position between L. elevata and L. lnldtigrumft Miller and Dyer. 

Formation and locality.-The type specimen is from the Glade JirUicstone uf the SCum\s Ttiver group 
at Lebanon, Tennessee. We have several imperfect specimens from the Ctcnod,wt:1 bed of the Black 
River group at St. Paul, Minnesota, which may belong to the same species. 

Oollection.-E. O. Ulrich. 

LOPHOSPIRA ELEVATA, n. sp. 

PLATE LXXII[, FIGS. 11-14. 

Hight 30 to 50 mm.; apical angle 52° to 54 0
• Volutions about six, contiguous 

but descending rapidly, an unusually large proportion of each exposed in the spire; 

peripheral carina moderately prominent, thick, situated about midway between the 

top and bottom of the whorl; beneath it a wide, slightly concave space, not very 

distinctly defined below by the obtuse lower angulation beyond which the surface 

turns rapidly inward to the small umbilicus; upper slope slightly concave to the 

suture, apparently never with a carina. Mouth very moderately drawn out below, 

the inner lip more or less curved and turned outward instead of being vertical as in 

most of the related species. Lines of growth rather obscure, curving strongly 

backwards to the peripheral band. 
Very much like McCoy's ]{urchisonia gyrogonia, but if his figures are reliable 

then the two species must be quite distinct since the very slight retral curve in the 

lines of growth as shown in McCoy'::; illustration proves that his species belongs to 

the Bicincta section of Lophospira, while our elevata is an undoubted member of the 

Perangulata section. Compared with American species we find that the mouth is 

less produced below and, although the whorls are the same in number, the size of 

the shell much greater than in L. perangulata. The Tennessee species, L. centralis, 

is perhaps the nearest, yet we did not find much trouble in separating them. The 

apical angle is wider in that shell, the under side of the whorls more ventricose, the 

suture lines less oblique and the concave spaces over them narrower. 

Formation and locality.-Five specimens from the Fusispira bed of the Trenton group at Decorah, 
Iowa, and Kenyon and Holden P.O., in Goodhue county, Minnesota. Several specimens from the upper 
part of the Trenton in Mercer county, Kentucky, are doubtfully referred here. 

Oollections.-Geological and Natural History Survey of Minnesota: E. O. Ulrich. 

Museum Register, No. 7370. 
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turns rapidly inward to the small umbilicus; upper slope slightly concave to the 
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lines of growth as shown in McCoy's illustration proves that his species belongs to 
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LOPHOSPIRA SUMNERENSIS SafJord. 

PLATE LXXIII, FIGS. 18-20. 

]}[ltl'chisonict swnlluellsis SAFFORD, 1869, Geol. of Tenn., pl. G., figs. 1, a-f. (Not defined.) 

Hight 18 to 42 mm., usually 25 to 30 mm.; apical angle 60° to 73°, usually 64° 

or 65°. Volutions four or five, the last very large, the upper surface deeply concave, 

the sutural edge slightly thickened but never carinate, the peripheral angle not 

very prominent; beneath it the sides are at first nearly vertical then broadly convex 

to the umbilicus which is entirely closed by the curved inner lip; the latter is thick 

and expanded; aperture unusually higb, narrowly rounded below, more broadly 

convex upon the columellar side. Surface markings somewhat irregular, moderately 

distinct though never very sharp, curving strongly backward from both above and 

below to the peripheral band. 

The unusual hight of the last volution and the absence of upper and lower 

carinrn are the principal peculiarities of this species. The species is probably not 

far removed from L. elevata and L. peracuta, but all three forms seem to us to be 

easily recognized. In the last the peripheral angle is much more prominent, the 

last volution not nearly so high, and the upper surface much less concave. In the 

second there is a well-marked broad concave band beneath the peripheral angle, 

while the volutions are more exsert, the upper ones exposing more of their sides. 

In L. multigruma (Miller) the apical angle is greater, the volutions not so high, the 

upper surface nearly flat and the peripheral band more prominent.. 

Formation ar.cl locct/ity.- Upper beds of the Trenton group, Nashville, Tennessee, and Mercer and 
Boyle counties in Kentucky. A single cast of the interior from the Fusispira bed at Wykoff, Minnesota, 
probably belongs to this species. 

Gollectioll.-E. O. Ulrich. 

LOPHOSPIRA MULTIGRUMA Miller. 

PLA TE LXXII, FIGS. 36-39. 

MUJ'chisonia multigruma MILLER, 1878, Jour. Cin. Soc. Nat. Rist., vol. i. p. 104. 

Hight generally from 25 to 35 mm.; greatest width equalling from 75 to 

80-100ths of the hight; apical angle 75° to 80°. Volutions five, uniangular; base 

produced, rounded; umbilicus closed; columellar lip thick and slightly twisted below. 

Surface markings curved strongly backward to the peripheral band, coarse and 

rather irregular on the base of the last whorl, much less distinct on the nearly fiat 

upper slope. When perfect the lines of growth are somewhat lamellose. 

This species is closely related to L. sumnerensis Safford, but is distinguished by 

a wider apical angle, more prominent peripheral band, plane instead of concave 

upper slopes, and more twisted and thicker columellar lip. Dr. Miller says further 
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LOPHOSPIRA SUMNERENSIS Salford. 

PLATE LXXIII, FIGS. 18-20. 

1t[l(l'chisonia SWJ!ll€l'eilSis SAFFORD, ]869, Geol. of Tenn., pI. G., figs. 1, a-j. (Not defined.) 

Hight IS to 42 mm., usually 25 to 30 mm.; apical angle 60° to 73°, usually 64° 

or 65°. Volutions four or five, the last very large, the upper surface deeply concave, 

the sutural edge slightly thickened but never carinate, the peripheral angle not 

very prominent; beneath it the sides are at first nearly vertical then broadly convex 

to the umbilicus which is entirely closed by the curved inner lip; the latter is thick 

and expanded; aperture unusually high, narrowly rounded below, more broadly 

convex upon the columellar side. Surface markings somewhat irregular, moderately 

distinct though never very sharp, curving strongly backward from both above and 

below to the peripheral band. 

The unusual hight of the last volution and the absence of upper and lower 

carin::e are the principal peculiarities of this species. The species is probably not 

far removed from L. elevata and L. peracuta, but all three forms seem to us to be 

easily recognized. In the last the peripheral angle is much more prominent, the 

last volution not nearly so high, and the upper surface much less concave. In the 

second there is a well-marked broad concave band beneath the peripheral angle, 

while the volutions are more exsert, the upper ones exposing more of their sides. 

In L. multigruma (Miller) the apical angle is greater, the volutions not so 11igh, the 

upper surface nearly flat and the peripheral band more prominent. 

Formation ar,cZ lowlity.-Upper beds of the TreDton group, Nashville, TenDessee, aDd Mercer aDd 
Boyle counties in Kentucky. A single cast of the iDterior from the Fusispira bed at Wykoff, Minnesota, 
probably beloDgs to this species. 

Gollection.-E. O. Ulrich. 

LOPHOSPIRA MULTIGRUMA Miller. 

PLATE LXXII, FIGS. 31i-39. 

llLttl'chisonia multignmw MILLER, 1878, Jour. Cin. Soc. Nat. Rist., vol. i, p. 104. 

Hight generally from 25 to 35 mm.; greatest width equalling from 75 to 

SO-lOOths of the hight; apical angle 75° to 80°. Volutions five, uniangular; base 

produced, rounded; umbilicus dosed; columellar lip thick and slightly twisted below. 

Surface markings curved strongly backward to the peripheral band, coarse and 

rather irregular on the base of the last whorl, much less distinct on the nearly flat 

upper slope. When perfect the lines of growth are somewhat lamellose. 

Thi.s species is closely related to L. sumnerensis Safford, but is distinguished by 

a wider apieal angle, more prominent peripheral band, plane instead of concave 

upper slopes, and more twisted and thicker columellar lip. Dr. Miller says further 
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that th.e base of his shell is more produced than in Prof. Safford's species. 'fhis is 

probably a lapsus since the hight of the base, indeed of the whole last volution , 
surely is relatively greater in L. sumnerensis than in L. multigruma. Another closely 

allied species, it is perhaps even nearer than Prof. Safford's, is our L. ampla. The 

last, however, usually has a higher spire, but a more reliable and striking difference 

is furnished by the sub sutural carina, which is wanting in L. multigruma. 

Formation and loeality.-Occurs in all three of the divisions of the Oincinnati period (Utica, Lor
raine and Richmond groups), very rare in the lowest, at Oovington, Kentucky, morc frequently in the 
middle at Cincinnat.i, Ohio, and rather cOlllmonly in the upper beds at Richmond, Ver~ailles and Madi
son, Indiana, Ularksville and Middletown, Ohio, and Maysville, Kentucky. 

Oolleetion.-E. O. Ulrich. 

LOPHOSPIRA CENTRAL IS, n. sp. (Ulrich.) 

PLATE LXXIII. FIG. 9. 

Right 20 to 30 mm.; apical angle 60° or 61°. Volutions five or six, all contigu

ous, with a concave slope above, somewhat ventricose below the moderately 

prominent, thick, faintly trilineate peripheral b~nd; immediately beneath the band 

a. concave space bordered on the lower side by an obtuse carina which grows less 

distinct with age; no upper carina though occasionally a slight thickening may 

occur at the upper edge of the whorls; umbilicus small, abrupt, nearly covered by 

the inner lip. Aperture but little produced below, obliquely rounded-quadrate in 

outline. Surface markings somewhat irregular and rather strong, especially 

beneath the lower' carina; above the latter they turn almost sharply backward to 

the peripheral band; and on the upper side the retral curve is very decided. 

Closely related to M. perangulata Hall, but is a larger shell, has a wider apical 

angle, and more rapidly enlarging volutions. The species is regarded as intimately 

connected with L. oweni and L. ampla. 

Formation and loeality.-Lowest division (Oentrallime~tone) of the Stones River group, Murfrees
boro, Tennessee. 

Oollection.-E. O. Ulrich. (7 specimens.) 

LOPHOSPIRA CONRADANA, n. sp. 

PLATE LXXII, FIGS. 29 -32. 

MU1'chisonia ventricosa, WHITFIELD, 1882, Geol. of Wis., vol. iv, p. 218, pI. v, fig. 18. 

Hight 21 to 31 mm.; greatest width about 7-1Oths of the hight; apical angle 

60° to 64°; volutions about six. 
Of this species besides a single imperfect mold of the exterior we have seen 

only casts of the interior. In the former the upper whorls are rounded, but on the 

last two the periphery increases gradually in prominence until near the aperture it 
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son, Indiana, Olarksville and Middletown, Ohio, and Maysville, Kentucky. 

Oollection.-E. O. Ulrich. 

LOPHOSPIRA CENTRALIS, n. sp. (Ulrich.) 

PLATE LXXIII, FIG. 9. 

Hight 20 to 30 mm.; apical angle 60° or 61°. Volutions five or six, all contigu

ous, with a concave slope above, somewhat ventricose below the moderately 

prominent, thick, faintly trilineate peripheral b~nd; immediately beneath the band 

a concave space bordered on the lower side by an obtuse carina which grows less 

distinct with age; no upper carina though occasionally a slight thickening may 

occur at the upper edge of the whorls; umbilicus small, abrupt, nearly covered by 

the inner lip. Aperture but little produced below, obliquely rounded-quadrate in 

outline. Surface markings somewhat irregular and rather strong, especially 

beneath the lower' carina; above the latter they turn almost sharply backward to 

the peripheral band; and on the upper side the retral curve is very decided. 

Closely related to M. perangulata Hall, but is a larger shell, has a wider apical 

angle, and more rapidly enlarging volutions. The species is regarded as intimately 

connected with L. oweni and L. ampla. 

Formation and locality.-Lowest division (Oentrallimestone) of the Stones River group, Murfrees
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Oollection.-E. O. Ulrich. (7 specimens.) 

LOPHOSPIRA CONRADANA, n. sp. 

PLATE LXXII, FIGS. 20 -3Z. 

Mw'chisonia ventricosa, WHITFIELD, 1882, Geol. of Wis., vol. iv, p. 218, pI. v, fig. 18. 

Hight 21 to 31 mm.; greatest width about 7-1Obhs of the hight; apical angle 

60° to 64°; volutions about six. 
Of this species besides a single imperfect mold of the exterior we have seen 

only casts of the interior. In the former the upper whorls are rounded, but on the 

last two the periphery increases gradually in prominence until near the aperture it 
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is sharply angular. The basal part of the last turn is decidedly ventricose, turning 

more or less abruptly into the deep though small umbilicus. On the flattened and 

nearly vertical sides, about mid way between the peripheral angle and the basal 

outline, a faintly raised line (lower carina) is usually distinguishable. The suture 

is deep and the upper edge of the la;t whorl is flattened, and forms a shoulder-like 

prominence, between which and the peripheral angle the surface is strongly concave. 

Aperture obliquely subquadrate, rounded below. Surface markings only in rare 

cases leaving any tra,ces upon the casts, consisting on the shell itself of lamellar 

lines of growth, .5 to 1.0 mm. apart, with much finer lines between them. They 

curve rather strongly backward from above and below to the peripheral angle. 

Compared with species described in this report, L. conradana is distinguished 

by its strongly ventricose base. The general appearance of the shell might be 

considered to indicate close affinities with L. bicincta and L. obliqua, but the character 

and strong retral curve of the lines of growth prove that the species belongs to the 

L. perangulata section of the genus. 

The Wisconsin specimen figured by Prof. Whit.field (loc. cit.) looks like an 

unusually large example of L. conraclana that has been shortened by pressure, 

causing the apical angle to be abnormally wide. Still, the angle in the figure is 

only about 6So, while in his description Prof. Whitfield gives it at "about ninety 

degrees." Whatever the specimens described by him may turn out to be, we are 

satisfied that they are distinct from L. ventricosa Hall sp. In a more recent publi

cation* Prof. Whitfield expre::>ses himself as though he had arrived at a similar 
conclusion. 

Formation (mel locality.-A frequent fossil of the Vanuxemia bed of the Stones River group at 
Minneapolis and St. Paul, Minnesota; occurs also, though rarely, in equivalent strata at Beloit, Wisconsin. 

Collections.-Geological aud Natural History Survey of Minnesota; E. O. Ulrich. 

~Iliseum Register, No. b036. 

LOPHOSPIRA OWENI, n. sp. 

PLATE LXXIII, FIGS. 41-45. 

Hight, of Black River specimens, 25 to 36 mm., of Utica specimens, 18 to 27 mm.; 

apical angle 59° to 62°. Volutions six or seven, the first very minute, decidedly 

angular. Peripheral band prominent, thick and rounded, sometimes margined by a 

delicate line on each side. Upper slope concave, except near the suture where 

there is usually a broad rounded ridge or carina; this ridge, however, becomes quite 

obsolete on the sixth or seventh volution. Lower side sloping inward, scarcely 

ventricose, the outline being first concave, next convex, then straight or concave 

and finally convex again, there being a peculiar swelling just behind the minute 
• Bull. Amer. Mus. Nat. Rist., vo!.l, DU. 8, p. 3la, 1886. 
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is sharply angular. The basal part of the last turn is decidedly ventricose, turning 

more or less abruptly into the deep though small umbilicus. On the flattened and 
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is deep and the upper edge of the la'jt whorl is flattened, and forms a shoulder-like 
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curve rather strongly backward from above and below to the peripheral angle. 

Compared with species described in this report, L. conradana is distinguished 

by its strongly ventricose base. The general appearance of the shell might be 

considered to indicate close affinities with L. bicincta and L. obliqua, but the character 

and strong retral curve of the lines of growth prove that the species belongs to the 

L. perangulata section of the genus. 

The Wisconsin specimen figured by Prof. Whit.field (loc. cit.) looks like an 

unusually large example of L. conraclana that has been shortened by pressure, 

causing the apical angle to be abnormally wide. Still, the angle in the figure is 

only about 68°, while in his description Prof. Whitfield gives it at "about ninety 

degrees." Whatever the specimens described by him may turn out to be, we are 

satisfied that they are distinct from L. ventricosa Hall sp. In a more recent publi

cation* Prof. Whitfield expresses himself as though he had arrived at a similar 

concl usion. 

Formation lind locality.-A frequent fossil of the Vanuxemia bed of the Stones River group at 
Minneapolis and St. Paul, MinneS()La; uccur~ also, though rarely, in equivalent strata at Beloi t, Wisconsin. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

~IlIseurn Registe1', No. b036. 

LOPHOSPIRA OWENI, n. sp. 

PLA TE LXXIII, FIGS. 41-45. 

Hight, of Black River specimens, 25 to 36 mm., of Utica specimens, 18 to 27 mm.; 

apical angle 59° to 62°. Volutions six or seven, the first very minute, decidedly 

angular. Peripheral band prominent, thick and rounded, sometimes margined by a 

delicate line on each side. Upper slope concave, except near the suture where 

there is usually a broad rounded ridge or carina; this ridge, however, becomes quite 

obsolete on the sixth or seventh volution. Lower side sloping inward, scarcely 

ventricose, the outline being first concave, next convex, then straight or concave 

and finally convex again, there being a peculiar swelling just behind the minute 

• Bull. Awer. Mus. Nat. Rist., vo!.!, uu. 8, p. 31::1, 1886. 
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umbilicus. The first convexity beneath the peripheral band represents the lower 

carina of L. perangulata and other species, and in young shells it is sharp enough to 

be called a carina, but as growth proceeds it becomes more and more obtuse. 

Aperture straight at the inner margin, and somewhat narrowly produced at the 

lower angle. Surface markings rarely preserved; whenever preserved they consist 

of rather distant, delicate, sublamellose striiB, with very fine lines between them, all 

curving backward strongly to the peripheral band. 

This is a much larger shell than L. perangulata, yet has about the same number 

of volutions. The apical ttngle also is greater, while both the under and upper sides 

of the yolutions are obviously different in several respects. L. centralis never has 

so strong a subsutural swelling, its peripheral band is less prominent, and the under 

side of the whorls more ventricose. 

F01'mation and locality.-Rare in the Stones River group at High Bridge, Kentucky; not uncommon 
in the Black River group, especially in the Ctenodonta bed, at St. Paul, Minneapolis, Oannon Falls, 
Chatfield and Fountain, in Minnesota; also in Mercer county, Kentucky. As yet it is not known to occur 
in the Trenton proper, but a smaller yet otherwise indistinguisbable form reappears in the Utica group at 
Oincinnati, Ohio, and localities in that vicinity. About 60 specimens. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulricb; W. H. ScofieJd. 

Jfuseum Register, Nos. 7521,6865. 

LOPIIOSPIRA AMPLA, n. sp. (ULrich.) 

PLATE LXXIU, FIGS. 52-54. 

Hight, of Loraine group specimens, 20 to 32 mm., of Richmond group specimens, 

22 to 50 mm.; apical angle 70° to 80° . Volutions about six, the last equalling about 

two-thirds of the total hight. Upper carina thiek, near the suture, present on all 

volutions; lower carina nearly obsolete, represented by a broad swelling or low 

ridge, above which to the prominent peripheral band the surface is more or less 

concave. Inner lip very thick, almost or entirely covering the minute umbilicus, 

very broad and turned obliquely downward and forward in the basal half. Surface 

markings very strongly curved, unequal, on the whole not sharply defined. 

Closely related to L. oweni, yet easily distinguished by the greatly thickened, 

broad and obliquely extended inner lip. The apical angle also is greater, and the 

lines of growth are more curved, especially at the base, while the upper cariua does 

not fade away on the last volutions as in that species. The presence of this carina 

distinguishes it from the associated and otherwise similar L. multigruma Miller. 

L. medialis, which is usually much smaller, with the same number of volutions, a 

smaller apical angle and more distinct umbilicus, also has no such sutural carina. 

Formation and locality.-Cincinnati period, Lorraine grou,p, Oincinnati, Ohio, and Covington, K~n. 
tucky; Richmond group, Richmond, Indiana, and at several localities in Boyle and Llllcoln counties, 
Kentucky. 

O~llection .-E. O. Ulrich. (17 specimens.) 

GASTROPODA. 981 
Lophosplra ampla.] 

umbilicus. The first convexity beneath the peripheral band represents the lower 

carina of L. perangulata and other species, and in young shells it is sharp enough to 

be called a carina, but as growth proceeds it becomes more and more obtuse. 

Aperture straight at the inner margin, and somewhat narrowly produced at the 

lower angle. Surface markings rarely preserved; whenever preserved they consist 

of rather distant, delicate, sublamellose stria', with very fine lines between them, all 

curving backward strongly to the peripheral band. 

This is a much larger shell than L. perangulata, yet has about the same number 

of volutions. The apical angle also is greater, while both the under and upper sides 

of the yolutions are obviously different in several respects. L. centralis never has 

so strong a subsutural swelling, its peripheral band is less prominent, and the under 

side of the whorls more ventricose. 

FOl'mation and locality.-Rare in the Stones River group at High Bridge, Kentucky; not uncommon 
in the Black River group, especially in the Ctenodonta bed, at St. Paul, Minneapolis, Oannon Falls, 
Chatfield and Fountain, in Minnesota; also in Mercer county, Kentucky. As yet it is not known to occur 
in the Trenton proper, but a smaller yet otherwise indistinguisbable form reappears in the Utica group at 
Cincinnati, Ohio, and localities in that vicinity. About 60 specimens. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Jfuseum Register, Nus. ;521, 6865. 

LOPIIOSPIRA AMPLA, n. sp. (ULrich.) 

PLATE LXXIII, FIGS. 52·-54, 

Hight, of Loraine group specimens, 20 to 32 mm., of Richmond group specimens, 

22 to 50 mm.; apical angle 70° to 80°. Volutions about six, the last equalling about 

two-thirds of the total hight. Upper carina thiek, neal' the suture, present on all 

volutions; lower carina nearly obsolete, represented by a broad swelling or low 

ridge, above which to the prominent peripheral band the surface is more or les8 

concave. Inner lip very thick, almost or entirely covering the minute umbilicus, 

very broad and turned obliquely downward and forward in the basal half. Surface 

markings very strongly curved, unequal, on the whole not sharply defined. 

Closely related to L. oweni, yet easily distinguished by the greatly thickened, 

broad and obliquely extended inner lip. The apical angle also is greater, and the 

lines of growth are more curved, especially at the base, while the upper carina does 

not fade away on the last volutions as in that species. The presence of this carina 

distinguishes it from the associated and otherwise similar L. multigrumCt Miller. 

L. med£alis, which is usually much smaller, with the same number of volutions, a 

smaller apical angle and more distinct umbilicus, also has no such sutural carina. 

Formation and locality.-Cincinnati period, Lorraine grollp, Cincinnati, Ohio, and Covington, K:n
tucky; Richmond group, Richmond, Indiana, and at several Joealities in Boyle and Llllcoln countIes, 
Kentucky. 

O~llection .-E. O. Ulrich. (17 specimens.) 
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LOPHOSPIRA PULCHELLA, n. sp. 

PLATE LXXIII, FIGS. 46-48. 

Hight tl to 15 mm.; apical angle 46° to 50° in the Richmond group variety 

and 50° to 56° in the Trenton types of the species; volutions angular, six in the 

latter and seven in the former. Peripheral band prominent, trilineate; upper or 

subsutural carina small and close to the suture, constantly present; lower carina 

obtuse, yet very distinctly defined by the concave band between it and the 

peripheral keel. Base of volutions somewhat flattened; umbilicus very small, closed 

entirely in the Richmond group variety. Growth lines as in L. perangulata and 

L. medialis, from both of which it is readily distinguished by the upper carina, those 

species being without that feature. 

The development of an upper carina brings this species into closer relations 

with L. oweni and L. saif01'di than it holds with the two species mentioned in the 

foregoing paragraph. The absence of the umbilical swelling and the small size of' 

L. pulchella will of course suffice to distinguish it specifically from these. L. 

spironema and L. tenuistriata are exceedingly like it to the unassisted eye, but with 

the aid of a magnifier good specimens may be distinguished at once by their surface 

markings, the present species having lines of growth only, while both of the others 

have revolving lines as well. L. pulchra McCoy resembles this species very greatly, 

yet, relying on the accuracy of McCoy's illustrations, we see at once that his species 

is a member of the Bicincta section and not, as is the case with L. pulchella, of the 

Perangulata section. Indeed L. pulchra seems to be uncomfortably near certain 

varieties of L. bicincta. 

Fonnation and locality.-Upper part of Trenton group, Burgin, Danville and Frankfort, Kentucky; 
Blacl{ River group, Ot.enondonta beel, near Oannon Falls, Minnesota; Richmond group, Spring Valley, 
Minnesota. (Over 30 specimens.) 

Gollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

lIIusemn Register, No. 7383. 

LOPHOSPIRA SAFFORDI, n. sp. (Ulrich.) 

Hight 23 to 33 mm.; apical angle 59° to 65°. Volutions seven, very 

angular, the peripheral band unusually prominent, upper and lower keels both 

distinct; upper carina removed a third of the width of the .upper slope from the 

suture; surface of whorl lying between the three keels decidedly concave; umbilicus 

small, rather abrupt, the surface between it and the lower carina either flat or 

slightly concave. Aperture quadrate, or it might be called subtriangular, moder

ately produced below, the inner lip nearly vertical, broadly reflexed. Surface 

markings consisting of unequal sublamellose lines of growth, sweeping backward 
very strongly to the peripheral band. 
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LOPHOSPIRA PULCHELLA, n. sp. 

PLATE LXXIII, FIGS. 46-48. 

Hight 8 to 15 mm.; apical angle 46° to 50° in the Richmond group variety 

and 50° to 56° in the Trenton types of the species; volutions angular, six in the 

latter and seven in the former. Peripheral band prominent, trilineate; upper or 

subsutural carina small and close to the suture, constantly present; lower carina 

obtuse, yet very distinctly defined by the concave band between it and the 

peripheral keel. Base of volutions somewhat flattened; umbilicus very small, closed 

entirely in the Richmond group variety. Growth lines as in L. perangulata and 

L. medialis, from both of which it is readily distinguished by the upper carina, those 

species being without that feature. 

The development of an upper carina brings this species into closer relations 

with L. oweni and L. saif01'di than it holds with the two species mentioned in the 

foregoing paragraph. The absence of the umbilical swelling and the small size of 

L. pulchella will of course suffice to distinguish it specifically from these. L. 

spironema and L. tenuistriata are exceedingly like it to the unassisted eye, but with 

the aid of a magnifier good specimens may be distinguished at once by their surface 

markings, the present species having lines of growth only, while both of the others 

have revolving lines as well. L. pulchra McCoy resembles this species very greatly, 

yet, relying on the accuracy of McCoy's illustrations, we see at once that his species 

is a member of the Bicincta section and not, as is the case with L. pulchella, of the 

Perangulata section. Indeed L. pulchra seems to be uncomfortably near certain 

varieties of L. bicincta. 

FOTJnation and locality.-Upper part of Trenton group, Burgin, Danville and Frankfort, Kentucky; 
Blac]{ River group, Ot.enondonta beel, near Oannon Falls, Minnesota; Richmond group, Spring Valley, 
Minnesota. (Over 30 specimens.) 

Collectiolls.-Geologica] and Natural History Survey of Minnesota; E. O. Ulrich. 

lIIusell1n Register, No. 7383. 

LOPHOSPIRA SAFFORDI, n. sp. (Ulrich.) 

Hight 23 to 33 mm.; apical angle 59° to 65°. Volutions seven, very 

angular, the peripheral band unusually prominent, upper and lower keels both 

distinct; upper carina removed a third of the width of the ,upper slope from the 

suture; surface of whorl lying between the three keels decidedly concave; umbilicus 

small, rather abrupt, the surface between it and the lower carina either flat or 

slightly concave. Aperture quadrate, or it might be called subtriangular, moder

ately produced below, the inner lip nearly vertical, broadly reflexed. Surface 

markings consisting of unequal sublamellose lines of growth, sweeping backward 

very strongly to the peripheral band. 
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This elegant species is undoubtedly closely allied to L. oweni, but the persistence 

and sharpness of its upper and lower keels serve readily in distinguishing it. The 

lower extremity of the mouth also is more rounded, while the umbilicus is a trifle 

larger and the umbilical fold, which is a well-marked feature in that species, is much 

less developed or quite unrecognizable. L. pulchella, which also we regard as closely 

related, is a very much smaller shell. In L. ampla the apical angle is wider, the 

upper carina scarcely as sharp, the lower carina quite obsolete, and the inner lip 
peculiarly twisted. 

Formation und locality.-Upper Trenton, near Nashville, Tennessee, where the seven silicified shells 
upon which the species is founded were collected by Prof. J. M. Safford. This gentleman is not only an 
illustrious geologist, but the kindest and most generous that it has been our good fortune to meet. We 
consider it, therefore, peculiarly appropriate that this shell, perhaps the handsomest ot the fossil gastro
pods occurring in the state whicll he has so long and honorably served as state geologist, should be con
nected with his name. 

LOPHOSPIRA SI'IRONEMA, n. sp. 

PLATE LXXII. FIGS. 44-47. 

Hight 10 to 15 mm.; apical angle 58° to 62°. Volutions five or six, angular; 

periphery trilineate, very prominent, the'surface on each side decidedly concave; 

lower carina sharp and strong; upper carina thm but distinct, close to the suture. 

Lines of growth very fine, not sharp, strongest near the suture, curving strongly 

backward from both sides to the peripheral angle; entire surface with very delicate 

revolving lines. 

This shell, in it::; general expression, is exceedingly like L. pulchella, and we 

doubt very much that abraded examples of the two could be separated. The carinrn 

may be somewhat sharper and the apical angle greater, but the only reliable and 

important difference lies in the surface marking8, that species having no spiral lines, 

while its striffi of growth are stronger. The next species, L. tenuistriata, approaches 

closely put has sublamellose lines of growth, finer spiral lines, less prominent carinrn 

and different peripheral band. 

Formation (wd locality.-Ctenodonta bed of the Black River group, Chatfield and near Cannon Falls, 
Minnesota. 

Oollection.-E. O. Ulrich. (5 specimens.) 

LOPHOSPIRA TENUISTRIATA, n. sp. (Ulrich.) 

PLATE LXXII, FIGS. 48-50. 

Hight 10 to 16 mm.; greatest width about 69-100ths of the hight; apical angle 

about 57°. Volutions six or seven, angular, with only moderately developed upper 

and lower carinffi; central carina very prominent, thick, rounded, bordered on each 

side by a delicate raised line; basal part of shell somewhat ventricose, gently 

Lophosplm splronerna.] 
GASTROPODA. 9133 

This elegant species is undoubtedly closely allied to L. ozoeni, but the persistence 

and sharpness of its upper and lower keels serve readily in distinguishing it. The 

lower extremity of the mouth also is more rounded, while the umbilicus is a trifle 

larger and the umbilical fold, which is a well-marked feature in that species, is much 

less developed or quite unrecognizable. L. pulchella, which also we regard as closely 

related, is a very much smaller shell. In L. ampla the apical angle is wider, the 

upper carina scarcely as sharp, the lower carina quite obsolete, and the inner lip 

peculiarly twisted. 

Formation and loculity.-Upper Trenton, near Nashville, Tennessee, where the seven silicified shells 
upon which the species is founded were collected by Prof. J. M. Safford. This gentleman is not only an 
illustrious geologist, but the kindest and most generons that it has been our good fortune to meet. We 
consider it, therefore, peculiarly appropriate that this shell, perhaps the handsomest ot the fossil gastro
pods occurring in the state which he has so long and honorably served as state geologist, ~hould be con
nected with his name. 

LOPHOSPIRA SPIRONEMA, n. sp. 

PLATE LXXII, FIGS. 44-47. 

Hight 10 to 15 mm.; apical angle 58° to 62°. Volutions five or six, angular; 

periphery trilineate, very prominent, the' surface on each side decidedly concave; 

lower carina sharp and strong; upper carina thm but distinct, close to the suture. 

Lines of growth very fine, not sharp, strongest near the suture, curving strongly 

backward from both sides to the peripheral angle; entire surface with very delicate 

revolving lines. 

This shell, in its general expression, is exceedingly like L. pulchella, and we 

doubt very much that abraded examples of the two could be separated. The carime 

may be somewhat sharper and the apical angle greater, but the only reliable and 

important difference lies in the surface marking8, that species having no spiral lines, 

while its strice of growth are stronger. Tbe next species, L. tenuistriata, approaches 

closely,but has sublamellose lines of growth, finer spiral lines, less prominent carince 

and different peripheral band. 

Formation and locality.-Otenodonta bed of the Black River gronp, Ohatfield and near Cannon Falls, 
Minnesota. 

Oollection.-E. O. Ulrich. (5 specimens.) 

LOPHOSPIRA TENUISTRIATA, n. sp. (Ulrich.) 

PLATE LXXII, FIGS. 48-50. 

Hight 10 to 16 mm.; greatest width about 69-100ths of the bight; apical angle 

about 57°. Volutions six or seven, angular, witb only moderately developed upper 

and lower carince; central carina very prominent, thick, rounded, bordered on each 

side by a delicate raised line; basal part of shell somewhat ventricose, gently 
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concave above the lower carina; upper slope moderately concave in the outer 

part; umbilicus very sman, sometimes apparently covered by the reflected inner 

lip. Surface with transverse and revolving lines, the former curving strongly 

backward toward the peripheral band and consisting of two sets, one lamellar 

with distant raised edges, the others exceedingly fine, parallel with the other 

set, and five or six times as numerous. The whole surface, including the 

peripheral band, .is covered with the revolving lines which are inclined to be 

irregular and more delicate even than the transverse set, requiring a good light and 

a magnifying power of no less than four diameters to be clearly visible. On the 

peripheral band the lunulCB are distant and strongly curved backward. 

Differs from the earlier L. spironema in having the basal part of the last turn 

slightly more ventricose, the carinCB less strong, the peripheral band rounded instead 

of sharp, and the surface markings more delicate excepting the sublamellose growth 

lines which are wanting in that shell. L. pulchella also resembles it greatly but has 

a smaller apical angle and so far as observed its surface is entirely without 
revolving lines. 

The extreme delicacy of the surface markings renders them unusually liable to 

removal through maceration and weathering. The best examples were obtained by 

picking away the thin parasitic bryozoan, Leptotrypa clavis Ulrich, which frequently 

covers this and other fossils of the Utica group. Without the characteristic surface 

ornamentation L. tenuistriata might be confounded with the young shells of the 

Utica form of L. oweni. In such cases, however, the presence of a lower carina in 

the tenuistriata and its absence in the oweni will usually suffice in distinguishing them. 

We have before us two imperfect specimens, collected by one of the authors in 

the Stones River group at High Bridge, Kentucky, of another species of Lophospira 

with spiral lines. It is larger than either of the two of this type described in this 

work, and differs from them besides in having the revolving lines coarser and in 

wanting the lower carina. The genera] shape and character of the shell seems to 
have been very similar to our L. medialis. 

Formation anel locality.~Shales of the Utiea group, Oinci nnati, Ohio, and Newport and Oovington, 
Kentueky. 

Collection. ~ E. O. U1rieh. 

LOPHOSPIRA PERFORATA, n. sp. 

PLATE LXXIII, FIGS. 32-35. 

]JIllfcitisoYi'ia Ificincia? MEEK and W01tTIIEN, 1868, Geol. Sur. Ill., vol. iii, p. 317, pl.nI, fig. 4. (Not 
)}[. uicincUi HALL, 1847.) 

Hight 33 mm.; greatest width 26 mm.; apical angle about 50°. Volutions six 

or seven, relatively depressed, with the hight and width, as shown in a transverse 
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concave above the lower carina; upper slope moderately concave in the outer 

part; umbilicus very sma]], sometimes apparently covered by the reflected inner 

lip. Surface with transverse and revolving lines, the former curving strongly 

backward toward the peripheral band and consisting of two sets, one lamellar 

with distant raised edges, the others exceedingly fine, parallel with the other 

set, and five or six times as numerous. The whole surface, including the 

peripheral band,.is covered with the revolving lines which are inclined to be 

irregular and more delicate even than the transverse set, requiring a good light and 

a magnifying power of no less than four diameters to be clearly visible. On the 

peripheral band the lunulCB are distant and strongly curved backward. 

Differs from the earlier L. spironerna in having the basal part of the last turn 

slightly more ventricose, the carinCB less strong, the peripheral band rounded instead 

of sharp, and the surface markings more delicate excepting the sublamellose growth 

lines which are wanting in that shell. L. pulchella also resembles it greatly but has 

a smaller apical angle and so far as observed its surface is entirely without 

revolving lines. 

The extreme delicacy of the surface markings renders them unusually liable to 

removal through maceration and weathering. The best examples were obtained by 

picking away the thin parasitic bryozoan, Leptotrypa clavis Ulrich, which frequently 

covers this and other fossils of the Utica group. Without the characteristic surface 

ornamentation L. tenuistl'iata might be confounded with the young shells of the 

Utica form of L. oweni. In such cases, however, the presence of a lower carina in 

the tenuistriata and its absence in the oweni will usually suffice in distinguishiug them. 

We have before us two imperfect specimens, collected by one of the authors in 

the Stones River group at High Bridge, Kentucky, of another species of Lophospira 

with spiral lines. It is larger than either of the two of this type described in this 

work, and differs from them besides in having the revolving lines coarser and in 

wanting the lower carina. The general shape and character of the shell seems to 

have been very similar to our L. medialis. 

Formation anel locality.~Shales of the Utiea group, Oineinnati, Ohio, and Newport and Oovington. 
Kentueky. 

Colieflion.~E. O. Ulrieh. 

LOPHOSPIRA PERFORATA, n. sp. 

PLATE LXXIII, FIGS. 32-35. 

]JI/{}'chisord!l IJicinciu? MEEK and WORTIIEN, 1868, Geol. Sur. Ill., vol. iii, p. 317, pI. ITI, fig. 4. (Not 
)ll. uicincta HALL, 1847.) 

Hight 33 mm.; greatest width 26 mm.; apical angle about 50°. Volutions six 

or seven, relatively depressed, with the hight and width, as shown in a transverse 
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section, nearly equal. In internal casts of old shells the peripheral or central 

angle is sharp and. prominent on the lower turns only, while it is nearly obsolete on 

the upper ones; last whorl exhibiting a well-marked lower angle between which 

and the peripheral carina there is a broad concave band, while the under side, 

between the lower angle and the relatively large and abrupt umbilicus, is only 

slightly convex; in the middle of the basal space the cast exhibits an obscurely 

defined line; upper slope gently concave or fiat, except near the suture where the 

internal cast is slightly convex. The matrix shows that there was a thin upper 

carina on the shell. Surface markings but faintly indicated by the specimens at 

hand, but it is certain that they curved backward strongly as in L. pern.ngulata, 

while it is probable that they agreed in other respects also with those marking that 

species. 

The umbilicus is larger in this species than in any of genus previously described. 

In other respects it resembles L. pulchella very closely, though a much larger shell. 

L. jillmorensis, though considerably smaller and without an umbilicus, will strike 

the ordinary observer as even more like it. But if good specimens can be compared 

it will be noticed that the lines of growth on the concave baud beneath the 

peripheral angle of L. jillmorensis are but little oblique and nearly straight instead 

of strongly curved backward-in short that that shell belongs near L. bicincta, while 

L. perforata is one of the group of which L. perangulata is typical. 

We have before us the original type used by Meek and Worthen. After clearing 

it of the matrix we found that it has at least one more whorl than stated by them, 

and that the apical angle instead of being 55° is not more than 50°. The last whorl 

of the specimen is crushed in such a manner that the angle has been increased at 

least 5° beyond the normal. An examination of the matrix proved further that the 

shell really has an upper carina. Finally, it is clear that the umbilicus was not 

filled, as they supposed, by the columella. That it was not is conclusively shown by 

the core of limestone occupying all the cavity save a narrow space between it and 

the cast of the interior of the whorls which represents the space originally occupied 

by the walls of the shell. 

Formation and locality.-Trenton group, Jo Daviess and Carroll counties, Illinois. We refer here, 
two small casts from the Fusispira bed near Fountain, Minnesota. 

Collections.-Illinois State Museuli; E. O. Ulrich. 

LOPHOSPIRA PERLAMELLOSA, n. sp. (TJlrich.) 

PLATE LXXIII. FIGS. 55 and 56. 

Hight 13 mm.; greatest width about 10 mm.; apical angle 65°. Spire subconical, 

volutions about five, angular; upper side first gently convex and then slightly 

to\lhospfra periameliosa.] 
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section, nearly equal. In internal casts of old shells the peripheral or central 

angle is sharp and. prominent on the lower turns only, while it is nearly obsolete on 

the upper ones; last whorl exhibiting a well-marked lower angle between which 

and the peripheral carina there is a broad concave band, while the under side, 

between the lower angle and the relatively large and abrupt umbilicus, is only 

slightly convex; in the middle of the basal space the cast exhibits an obscurely 

defined line; upper slope gently concave or fiat, except near the suture where the 

internal cast is slightly convex. The matrix shows that there was a thin upper 

carina on the shell. Surface markings but faintly indicated by the specimens at 

hand, but it is certain that they curved backward strongly as in L. perrtngulata, 

while it is probable that they agreed in other respects also with those marking that 

species. 

The umbilicnsis larger in this species than in any of genus previously described. 

In other respects it resembles L. pulchella very closely, though a much larger shell. 

L. jillmorensis, though considerably smaller and without an umbilicus, will strike 

the ordinary observer as even more like it. But if good specimens can be compared 

it will be noticed that the lines of growth on the concave baud beneath the 

peripheral angle of L. jillmorensis are but little oblique and nearly straight instead 

of strongly curved backward-in short that that shell belongs near L. bicincta, while 

L. perforata is one of the group of which L. perangulata is typical. 

We have before us the original type used by Meek and Worthen. After clearing 

it of the matrix we found that it has at least one more whorl than stated by them, 

and that the apical angle instead of being 55° is not more than 5W. The last whorl 

of the specimen is crushed in such a manner that the angle has been increased at 

least 5° beyond the normal. An examination of the matrix proved further that the 

shell really has an upper carina. Finally, it is clear that the umbilicus was not 

filled, as they supposed, by the columella. That it was not is conclusively shown by 

the core of limestone occupying all the cavity save a narrow space between it and 

the cast of the interior of the whorls which represents the spaee originally occupied 

by the walls of the shell. 

Formation and locality.-Trenton group, Jo Daviess and Carroll counties, Illinois. We refer her" 
two small casts from the Fusispira bed near Fountain, Minnesota. 

Collections.-Illinois State Museum; E. O. Ulrich. 

LOPHOSPIRA PERLAMELLOSA, n. sp. (TJlJ·ich.) 

PLATE LXXIII, FIGS. 55 and 56. 

Hight 13 mm.; greatest width about 10 mill.; apical angle 65°. Spire subconical, 

volutions about five, angular; upper side first gently convex and then slightly 
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concave to the prominent peripheral band; base at first a little concave because of 

a low ridge a short distance beneath the band, then following the course of the 

striCB, with a concave outline to the acute basal extremity; umbilicus very small; 

inner lip nearly vertical, twisted, and greatly produced helow. Surface markings 

very faint upon the upper side of the volutions; on the base they consist of rather 

regular, strong, overlapping lamellCB, curving strongly forward from the peripheral 

band and, finally, running in a nearly vertical direction, and almost parallel with 

the inner lip, to the narrow basal extremity of the aperture. 

There is no described species (of this family) known to us having the aperture 

produced below as much or in the same manner as in this shell. A similar condition 

is exhibited by two specimens from the Lorraine group, one from Cincinnati, the 

other from central Kentucky, but as the apical angle is somewhat less in these (56° 

and 57°) and the lower side of the volutions more ventricose, we hesitate to say that 

they belong to the same species. The surface being abraded on them we cannot 

say how the markings compare with those observed on the type described and figured. 

Formation (mel locality.-Richmond group of the Cincinnati period, Hanover, Butler county, Ohio. 

Oollection.-E. O. Ulrich. 

LOPHOSPIRA BOWDENI Safford. 

PLATE LXXII, FIGS. 40-43. 

Murchisonia uoweleni SAFFORD, 1869, Geol. of Tenn., pI. G, figs. 2a-2c. (Not described.) 

Hight 40 to 70 mm., usually 45 to 51) mm.; apical angle of Tennessee types of 

species averaging about 27° but varying between the extremes of 26° and 30°; ofthe 

Lorraine group variety 30° to 34 0
; of the Richmond group form 25° to 28° for 

specimens from Trimble county, Kentucky, and 27° to 33° for those from Boyle 

county in the same state; volutions eight to ten, moderately angular, the peripheral 

band thick, convex, varying as to prominence, situated beneath the center of the 

whorls; upper slope convex, sometimes obscurely carinated, in the upper half, more 

or less concave in the lower half; lower carina obscure, never sharp, often indistin

guishable, the space above it to the peripheral carina generally a little concave; a 

minute umbilicus usually present, though in narrow specimens it is commonly 

covered by the reflexed inner lip; aperture subtriangular or irregularly quadrate, 

the outline depending upon the angle at which it is viewed; inner lip nearly vertical, 

generally exhibiting a small channel in its lower part. Surface with obscure 

undulations or unequal lines of growth. Th Cl) se are very strongly recurved toward 

the peripheral band, indicating a large and deep> shaped notch in the outer lip. 

The band is distinctly con vex, occasionally subangular in the middle, has obscure 

lunuL:e, and is bordered on both sides by a delicate raised line. 
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concave to the prominent peripheral band; base at first a little concave because of 

a low ridge a short distance beneath the band, then following the course of the 

striffi, with a concave outline to the acute basal extremity; umbilicus very small; 

inner lip nearly vertical, twisted, and greatly produced helow. Surface markings 

very faint upon the upper side of the volutions; on the base they consist of rather 

regular, strong, overlapping lamellffi, curving strongly forward from the peripheral 

band and, finally, running in a nearly vertical direction, and almost parallel with 

the inner lip, to the narrow basal extremity of the aperture. 

There is no described species (of this family) known to us having the aperture 

produced below as much or in the same manner as in this shell. A similar condition 

is exhibited by two specimens from the Lorraine group, one from Cincinnati, the 

other from central Kentucky, but as the apical angle is somewhat less in these (56 0 

and 57°) and the lower side of the volutions more ventricose, we hesitate to say that 

they belong to the same species. The surface being abraded on them we cannot 

say how the markings compare with those observed on the type described and figured. 

Formation (mel locality.-Richmond group of the Cincinnati period, Hanover, Butler county, Ohio. 

Oollection.-E. O. Ulrich. 

LOPHOSPIRA BOWDENI Safford. 

PLATE LXXII, FIGS. 40-43. 

Murchisonia uowileni SAFFORD, 1869, Geol. of Tenn., pI. G, figs. 2a-2c. (Not described.) 

Hight 40 to 70 mm., usually 45 to 51) mm.; apical angle of Tenne8see types of 

species averaging about 27° but varying between the extremes of 26 0 and 30 0
; ofthe 

Lorraine group variety 30 0 to 34 0
; of the Richmond group form 25 0 to 28 0 for 

specimens from Trimble county, Kentucky, and 27 0 to 33 0 for those from Boyle 

county in the same state; volutions eight to ten, moderately angular, the peripheral 

band thick, convex, varying as to prominence, situated beneath the center of the 

whorls; upper slope convex, sometimes obscurely carinated, in the upper half, more 

or less concave in the lower half; lower carina obscure, never sharp, often indistin

guishable, the space above it to the peripheral carina generally a little concave; a 

minute umbilicus usually present, though in narrow specimens it is commonly 

covered by the reflexed inner lip; aperture subtriangular or irregularly quadrate, 

the outline depending upon the angle at which it is viewed; inner lip nearly vertical, 

generally exhibiting a small channel in its lower part. Surface with obscure 

undulations or unequal lines of growth. Th Cl) se are very strongly recurved toward 

the peripheral band, indicating a large and deep> shaped notch in the outer lip. 

The band is distinctly convex, occasionally subangular in the middle, has obscure 

lunuhB, and is bordered on both sides by a delicate raised line. 
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The prominence of the peripheral band varies considerably. As a rule it is the 

most pronounced in specimens from the Richmond group and least in those obtained 

from the "Upper Nashville" of Tennessee and the Lorraine of Kentucky and Ohio. 

The apical angle also is variable though fairly constant in specimens from a given 

locality and horizon, The Lorraine variety is the widest, the Trimble county 

Kentucky, and Tennessee specimens the narrowest. The l::ttter look like our fig. 42 

only not so angular. Fig. 40 is perhap8 a fair average for the species. 

Cincinnati collectors formerly confounded casts of this species with Hormotoma 

bellicincta Hall sp., but we now know it as a totally distinct shell. Hormotoma has a 

concave band and, as may be seen from our figures, differs in many other respects, 

while L. bowdeni has the band of a Lophospira and in reality differs from such a 

typical species of the genus as L. oweni chiefly in the hight of the spire. 

Formation and locality.-" Upper Nashville" near Hartsville and at other localities in :rennessee; 
Lorraine group at numerous localities in Ohio, Indiana and Kentucky; Richmond group at many localities 
in the same states, especially in the upper fifty feet in Kentucky. 

Oollections.-Prof. J. M. Safford; E. O. Ulrich. 

LOPHOSPIRA AUGUSTINA Billings. 

PLATE LXXI, FIGS. 1 and 2. 

Murchisonia augustinct BILLINGS, 1865, Pal. Foss., vol. i. p. 234. 

Hight 80 to 120 mm., apical angle 33° to 40°; whorlE! eight or nine, perhaps 

ten, yet casts of the interior, in which condition only the species has been observed 

in Minnesota, rarely preserve more than the last four or five. Whorls (of casts) 

strongly convex, obtusely angulated just below the middle, angular above, forming 

a narrow horizontal space at the broad open suture. Aperture about as wide as 

high, slightly drawn out and channelled at the lower angle. The lip is free all 

around, on the upper side in contact with the penultimate whorl, on the inner side 

with a broad fold which never quite closes the umbilical perforation. The latter is 

represented in casts by a flattened spirally twisted core. Casts of the interior 

preserve not even a trace of the surface markings, nor are they clearly indicated in 

the molds of the exterior seen by us. As near as can be determined from the 

material at hand, they consist, as described by Billings, of obscure undulations 

curving strongly backwards to the rounded peripheral band. The shell itself was 

strong and thick, especially in its sutural parts. 
This is one of the forms usually identified with Hall's Murchisonia maJor, but if 

our views of that shell are correct, then this is most certainly distinct, while it 

seems to be equally certain that it is the same as the Newfoundland species which 

'Billings has called llfurchisonia august ina. Billings, it is true, considered the augustina 

GASTROPODA. 987 
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The prominence of the peripheral band varies considerably. As a rule it is the 

most pronounced in specimens from the Richmond group and least in those obtained 

from the "Upper Nashville" of Tennessee and the Lorraine of Kentucky and Ohio. 

The apical angle also is variable though fairly constant in specimens from a given 

locality and horizon, The Lorraine variety is the widest, the Trimble county 

Kentucky, and Tennessee specimens the narrowest. The latter look like our fig. 42 

only not so angular. Fig. 40 is perhaps a fair average for the species. 

Cincinnati collectors formerly confounded casts of this species with Hormotoma 

bellicincta Hall sp., but we now know it as a totally distinct shell. Hormotorna has a 

concave band and, as may be seen from our figures, differs in many other respects, 

while L. bowdeni has the band of a Lophospira and in reality differs from such a 

typical species of the genus as L. oweni chiefly in the hight of the spire. 

Formation and locality.-" Upper Nash ville" near Hartsville anel at other localities in :rennessee; 
Lorraine group at numerous localities in OhiO, Indiana and Kentucky; Richmond group at manv locali ties 
in the same states, especially in the upper fifty feet in Kentucky. 

Gollectimts.-Prof. J. M. Safford; E. O. Ulrich. 

LOPHOSPIRA AUGUSTINA Billings. 

PLATE LXXI, FIGS. 1 and Z. 

Murchisonia augustina BILLINGS, 1865, Pal. Foss., vol. i, p. 234. 

Hight 80 to 120 mm., apical angle 33° to 40°; whorl8 eight or nine, perhaps 

ten, yet casts of the interior, in which condition only the species has been observed 

in Minnesota, rarely preserve more than the last four or five. Whorls (of casts) 

strongly convex, obtusely angulated just below the middle, angular above, forming 

a narrow horizontal space at the broad open suture. Aperture about as wide as 

high, slightly drawn out and channelled at the lower angle. The lip is free all 

around, on the upper side in contact with the penultimate whorl, on the inner side 

with a broad fold which never quite closes the umbilical perforation. The latter is 

represented in casts by a flattened spirally twisted core. Casts of the interior 

preserve not even a trace of the surface markings, nor are they clearly indicated in 

the molds of the exterior seen by us. As near as can be determined from the 

material at hand they consist as described by Billings, of obscure undulations , , 
curving strongly backwards to the rounded peripheral band. The shell itself was 

strong and thick, especially in its sutural parts. 
This is one of the forms usually identified with Hall's Murchisonia major, but if 

our views of that shell are correct, then this is most certainly distinct, while it 

seems to be equally certain that it is the same as the Newfoundland species which 

Billings has called .Murchisonia august ina. Billings, it is true, considered the augustina 
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as a variety of Murchisonia, or, as it should now be called, Hormotoma bellicincta, but 

relying on the accurracy of his description and figure, this cannot be so, since the 

angular whorls and convex band remove his augustina far from Hormotoma in which 

the band is concave or flat and the whorls nearly always rounded. In our opinion 

the species is related to LopllOspira bowdeni Safford sp., differing therefrom chiefly in 

the lesser angularity of its whorls. Of course it is not likely to be confused with 

that species, being a much larger and relatively wider shell. 

Formation anc1 locality.-Maclurea bed of the Trenton group, Stewartville and other localities in 
southern Minnesota. Billings' types are said to be from divisions H, I, K, L, M, N, of the Quebec group, 
at Pistolet bay, Burnt cape, Table head, and Point rich, Newfoundland. 

Oollertions.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, Nos. 7345, 7478. 

LOPHOSPIRA AUGUSTINA, var. MINNESOTENSIS, n. var. 

PLATE LXXI, FIGS. 3 and 4. 

Hight 80 to 120 111m., apical angle 36° to 45°. 

Of this supposed variety we have only three casts of the interior which one of 

the authors found in the same block of limestone from which he extracted a number 

of good casts of L. augustina, and three fragments belonging to the Survey collec

tion.* The obtuse angulation of the whorls, which marks the position of the band, 

is lower than in the typical form of the species and the whorls are on the whole less 

convex, the result being a more conical form, probably not greatly unlike, externally, 

L. conoidea tPl. LXXIII, Fig. 22). Continuing our comparisons with L. augustina we 

find that the under side of the whorls is also less ventricose and the total hight of 

each somewhat less. 

In the absence of any knowledge of the external markings, we prefer to rank 

this form as a variety though strongly inclined to believe that it will prove specifi

cally distinct. 

Formation and locality.-Maclurf'a bed of the Trenton group, Stewartville, Minnesota; Ottawa, 
Canada. 

Oolleetions.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, Nos. 7389, 872G. 

LOPROSPIRA 0 SEELYA) LIRATA, n. sp. (Ulrich.) 

PLATE LXXII, FIGS. 50-,,9. 

High t 15 to 24 mm.; apical angle Coo to 70°, the angle of the first three whorls 'usually a little 
wider. Volutions about five and a half, ventricose, the carinoo not greatly interfering with the general 
roundness of their outlines. Peripheral band median, appearing lower on the whorls of the spire, very 
slightly prominent, trilineate, the lines of equal strength and elevation or the median one is a little 

• Sinee the above was written, I have received a specimen of this variety from Mr. W, R. Billings, who found it in the 
Trenton limestune at Ottawa, Oanada. E. O. ULRICH. 
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as a variety of Jlrfurchisonia, or, as it should now be called, Hormotoma bellicincta, but 

relying on the accurracy of his description and figure, this cannot be so, since the 

angular whorls and convex band remove his augustina far from Hormotoma in which 

the band is concave or fiat and the whorls nearly always rounded. In our opinion 

the species is related to Lophospim bowdeni Safford sp., differing therefrom chiefly in 

the lesser angularity of its whorls. Of course it is not likely to be confused with 

that species, being a much larger and relatively wider shell. 

Formation ((nel locality.-Maclurea bed of the Trenton group, Stewartville and other localities in 
southern Minnesota. Billings' types are said to be from divisions H, T, K, L, M, N, of the Quebec group, 
at Pistolet bay, Burnt cape, Table head, and Point rich, Newfoundland. 

Oollertions.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, Nos. 7345, 7478. 

LOPHOSPIRA AUGUSTINA, Val'. MINNESOTENSIS, n. var. 

PLATE LXXI, FIGS. 3 and 4. 

Hight 80 to 120 mm., apical angle 36° to 45°. 

Of this supposed variety we have only three casts of the interior which one of 

the authors found in the same block of limestone from which he extracted a number 

of good casts of L. augustina, and three fragments belonging to the Survey collec

tion.* The obtuse angulation of the whorls, which marks the position of the band, 

is lower than in the typical form of the species and the whorls are on the whole less 

convex, the result being a more conical form, probably not greatly unlike, externally, 

L. conoidea tPl. LXXIII, Fig. 22). Continuing our comparisons with L. augustina we 

find that the under side of the whorls is also less ventricose and the total hight of 

each somewhat less. 

In the absence of any knowledge of the external markings, we prefer to rank 

this form as a variety though strongly inclined to believe that it will prove specifi

cally distinct. 

Formation and locaZity.-Maclurf'a bed of the Trenton group, Stewartville, Minnesota; Ottawa, 
Canada. 

Oollections.-Geological and Natural Histury Survey of Minnesota; E. O. Ulrich. 

Museum Register, Nus. 7389, 872G. 

LOPHOSPIRA 0 SEELYA) LIRATA, n. sp. (Ulrich.) 

PLATE LXXII, FIGS. 5G-"9. 

High t 15 to 24 mm.; apical angle Gi)° to 70°, the angle of the first three whorls 'usually a little 
wieler. Volutions abuut five and a half, ventricose, the carime not greatly interfering with the general 
ruundness uf their outlines. Peripheral band median, appearing lower on the whorls of the spire, very 
slightly prominent, trilineate, the lines of ellual strength and elevation or the median one is a little 

• ~ioee the above was written, I have received a specimen of this variety from Mr. W. R. Billings, who found it In the 
Trenton limestone at Ottawa, Oanada. E. O. ULRICH. 
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weaker and not as sharply defined as the margineclones. Abllut lllidN:iY betw81)n the tland atl(l the .';uLur(cJ 

lines a small ridge or carina divides tbe upper slope into two flat ur slightly concay,; spaces. Nearly the 
same distance beneath tbe lowN margin of the band in the typical form (if the species we ltJeet with the 
first and strongest of about eight revol ving ri bs. 'n1CSC ri bs, excepti ng occasionally th" li r.~t, :ire wanting 
in a variety wbicb, if it is desi !'able to name it, m igh t b'3 callerl val'. o/)SI) lct Ct. U m lJi j iCllS excI:ed i ng-ly srnaj]~ 
sometimes closed by a sligbt overlap of the inner lip. Aperture sul)')vate, founded 1lelow. and rather 
straigbt at the inner side. Lines of growth sharp. thread·like, regular, either fJne and ,xlual on all parts 
of a whorl or they may be farther apart with interpolations on the, upper ;;lope as shown in fIgs. 58 and 5!l. 

The lunulm of tbe band are fine and regularly curved. 
This species is not closely related to any American fussil known to us. It resembles l'let/u)8jJi)'{.1 

semele Hall sp. in its gener,!l form anrl size amI CClsts of the interior are nllt ('asiiy distingllished. They 
are, however, widely distinct genetically and as long a~ good exteriors are available there is little danger 
of confusion between tllem. In the Plcl.hospira the hand is simple and concave (not bi-concave) while the 
very delicate line near the S\lture and the other on the lower half of the whorl compare v(.'ry ill with the 
revolving ridges and ribs of Lophospira limta. A true relative is described by Linclstriirn frllm the Upper 
Silurian of Gothland as Pleurotomcwia 1'OU({StCL That it was deri vecl from the same stock CIS our species 
seems very obvious, for, aside from several minor differences, the same characters occur in both. L. lirat((, 

has a relatively higher spire while the central line of the band is not as pruminent as in L. robusta. 
01:1' main reason for referring these two species to Lophospim instead of Seelya is that the band is of 

the convex instead of the concave type. With L. hwnilis Ulrich as an intermediate form it is not difficult 
to reconcile the other cbaracters with the more common types of Lophospim. 

Formation and locality.-Not uncommon, chiefly as casts of the interior, in the Utica group at 
Oincinnati, Ohio. 

Collection.-E. O. Ulrich. 

LOPHOSPIRA (1) KNOXVILLENSIS, n. sp. (Ulrick) 

PLATE LXV. FIGS. 38-iO. 

Hight 30 to 40 mm., width about the same; apical angle about 105°; whorls three and a half or four. 
The shell is about tbe size and looks much like TJ'Odt f))le1)W beloitellsis and T. eccentriw, the whorls ha ving 
a broad vertical pertpheral space bordered above by the slit-band and below by a simple ang-le, and the 
aperture being oblique and subquadrate or, if the small lower-outer side be considered, subpentagonal in 
outline, with the lower half of the entire peristome thick and reflexed. The upper side of the whorls is 
distinctly concave to the narrowly yet deeply impresserl suture. The channel-lil{e character of the suture 
is discernible only in a view of the upper side. The basal slope to the edge of the moderate umbilicus is 
more or less flattened. The slit-band, which occupies the upper of the two peripheral angles, consists of 
a sharp ridge-like center with a delicate raised line on each side of its base. The surface markings consist 
of lines of growth only. These curve very strongly backward and are comparatively weak on the concave 
upper slope. Beneath the slit· band they increase in strength downward, while their direction is first, 
with a moderate curve forward, down to the lower angle of the vertical periphery of the volution. Here 
they turn backward and proceed across the base to the umbilicus in a direction conforming with the 
broadly sinuate under lip. The depth of the sinus, however, seems to have increased with age. 

Though there may be some doubt as to the strict propriety of referring this and the two following 
specie. to Lophospira, we believe that a careful consideration of the whole of their characters will show 
that of all tbe established genera the claims of the one in which we have placed them are supported by 
the strongest evidence. We take it for grantecl that, despite their remarkable resemblance to the most 
typical species of Trochonema and the remote genetiC relations so strongly indicated therein, all will agree 
that the possession of an unequivocal slit-band renders an alliaoce with Trochollema out of the questioo. 
We say this too without losing sight of the fact that we describe species of that genus (e. g. T. retrorSCl 

and T. beUula) having a notch in the aperture of very nearly the same character and at the same point at 
which it occurs in the trochonemoid species of Lophospira under consideration. There is one feature 
about these notcbed Trochonemas that must always distinguisb them, the upper peripheral angle toward 

GASTROPODA. 
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weaker and not as sharply defined as the margined ones. A bOll t mid Nay betwel;n thu tJancl anrl the su tu re 
lines a small ridge or carina divides the upper slope into two flat (II' slightly euncar,; spaces. Nearly tbe 
same distance beneath the lower margin of the band in the typical form (If the species we meet with the 
first and strongest of about eight revolving ribs. r.rhese ribs, excepting lI(".casiunally thl; fIrst, am wanting 
in a variety which, ifit is desirable to name it, mig'ht b9 caller] val'. o/w)/eta. Umbilicus exceedi ngly smaJl~ 
sometimes closed by a slight overlap of the inner lip. Aperture SllIY)\'ato, rounded llelow. and rather 
straight at the inner siele. Lines of growth sharp, thread·like, regula.r, eithur fine anr! equal on all parts 
of a whorl or they may be farther apart with interpolations on th(; upper slope as shown in figs. 58 and 5!1. 

The lunulru of the band are tine and regularly curved. 

This species is not closely related to any American fussil known to us. It resernt)les l'let/i!)spira 

semele Hall sp. in its gener,ti form anrl size anr! casts of the interior are not ea.sily disti n~nishe(l. They 
are, however, widely distinct genetically and as long a~ good exteriors are available there is little danger 
of confusion between them. In the Plcthospim the hand is simple anel concave (not bi-concare) while the 
very delicate line near the s\lture and the other on the lower half of the whorl compare v.:ry ill with the 
revolving ridges and ribs of Lophospira limta. A true relative is described by Linclstriilll from the Upper 
Silurian of Gothlancl as Pleurotomaria l·oi)tlstct. Tha.t it was ded vecl from the same stock as our species 

seems very obvious, for, aside from several minor differences, the same clJaracters occur in both. L. limt(f, 

has a relatively higher spire while the central line of the band is not as prominent as in L. j·o/JUsta. 

Ou main reason for reff\rring these two species to Lophospim instead of Seelya is that the band is of 
the convex instead of the concave type. With L. hwnilis Ulrich as an intermediate form it is not difficult 
to reconcile the other characters with the more common types of Lophospim. 

Formation ancllocality.-Not uncommon, chiefly as casts of the interior, in the Utica gronp at 
Cincinnati, Ohio. 

Golleclion.-E. O. Ulrich. 

LOPHOSPlRA (?) KNOXVILLENSIS, n. sp. (Ulrich.) 

PLATE LXV. FIGS. 38-40. 

Hight 30 to 40 mm., width about the same; apical angle about 105°; whorls thf<:e and a half or four. 
The shell is about the size and looks much like Tl'och'Jlicma beloitellsis and T. eccentl'ica, the whorls having 
a broad vertical peripheral space bord~red above by the slit-banel and below l)y a simple an&[le, and the 
aperture being oblique and subquadrate or, if the small lower-outer side be considered, subpentagonal in 
outline, with the lower half of the entire peristome thick and reflexed. The upper side of the whorls is 
distinctly concave to the narrowly yet deeply impressecj suture. The channel-like character of the sllture 
is discernible only in a view of the upper side. The basal slope to the edge of the moderate umbilicus is 
more or less flattened. The slit-band, which occupies the upper of the two peripheral angles, consists of 
a sharp ridge-like center with a delicate raised line on each side of its base. The surface markings consist 
of lines of growth only. These curve very strongly backward and are comparatirely weak on the concave 
upper slope. Beneath the slit-band they increase in strength downward, while their direction is first, 
with a moderate curve forward, down to the lower angle of the vertical periphery of the volution. Here 
they turn backward and proceed across the base to the umbilicus in a direction conforming with the 
broadly sinuate under lip. The depth of the sinus, however, seems to l1ave increased with age. 

Though there may be some doubt as to the strict propriety of referring thb anel the two following 
specie, to Lophospira, we believe that a careful consideration of the whole of their characters will show 
that of all the established genera the claims of the one in which we have placed them are supported by 
the strongest evidence. We take it for granted that, despite their remar],able resemblance to the most 
typical species of Trochonema and the remote genetiC relations so strongly indicated therein, all will agree 
that the possession' of an unequivocal slit-band reoders an alliance with Troclwnema out of the question. 
We say this too without losing' sight of the fact that we describe species of that genus (e. g. T. TetrorS(( 

and T. bellula) having a Dotch in the aperture of very nearly the same character aod at the same point at 
which it occurs in the trochonemoid species of Lophospira under consideration. There is one feature 
about these notched Trochonemas that must always distinguish them, the upper peripheral angle toward 
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which the lines of growth are reeurved is comparatively thin and sharp with the lines continuing without 
interruption over the summit. (See pI. LXXVII, fig. 38.) In the Trochonemoides section of Lophospira 

on the other hanel, the angle at the end of which we find the notch, is thick and carries a true pleuroto
marian band of whieh it is probably unneeessary to say that it interrupts the continuity of the lines 

of growth. 
Phanerotl"c1Jlu, proposed by Fiseher for species of the type of Pleurotomaria labrosa Hall, also reminds 

one in a general way very strongly of these shells. That the latter have a large umbilicus and r. labrosa 

none, is probably not of mueh eonsequeoee, but there are other differences that doubtless are of greater 
importanee. Of these we will point out only one, namely, the long apertural slit which occurs in Phaner

otTema and is wanting in Lophospira, and which of itself is considered sufficient to warrant a generic 
separation. 

Formation and locality.-Lower part of Trenton period (?Ohazy) near Knoxville, Tennessee. We 
owe the opportunity of describing thitl as well as the following two equally interesting speeips to their 
discoverer, Prof. J. M. Safford. 

LOPHOSPIRA (?) TROOHONEMOIDES, n. sp. (Ulrich.) 

PLA TE LXV. FIGS. 41-44. 

Hight 22 mm.; width 23 or 2± mm.; apical angle 100°; volutions four and a half; general appearance 
of shell deeidedly like Trochonema bellula Ulrich. Upper peripheral carina thick, rounded, lower carina 
moderately distinet and sharp except on the latter half of the last whorl on which it grows gradually 
weaker until at the aperture it is quite obsolete; outer two-thirds of upper slope !iistinctly concave, 
remaining third flat to the suture; umbilicus large, only moderately steep, at first sharply outlined by a 
ridge which gradually becomes indistinct and at the same time moves outward causing the slope to the 
bottom of the um bilieus to become proportionally more gentle. Surface markings and aperture about as 
in L. knoxvillellsis, from which the present species is distinguished by its smaller size, more slowly enlarg
ing volutions, relatively larger umbilicus and by the upper carina which is wanting in that speCies. 

As L. trochonemoicles oeeurs at the same locality and geological horizon as Trochonerna bellula, and as 
the two might very easily be eon founded by persons not thorollghly aecustomed to separating fossil Gastro

pocla it may be well to point out some of the differences. First, both the lower peripheral and umbilical 
carinm are stronger and more persistent in the Tl"oclwllerna; then the space between the, upper carina and the 
suture line is eoncave instead of fiat: finally, the upper of the' peripheral carina; is not so thick and 
sharper than it is in the Lophospil"ct, while the lines of growt,h, since there is no slit· band, pass over its 
summit without interruption. 

Formation amI lowlity.-" Oentral limestone" of the Stones River group, Murfreesboro, Tennessee. 

LOPHOSPIRA (?) NOTABILIS, n. sp. (Ulrich.) 

PLATE LXXII, FIGS. 33-35. 

Hight and width nearly equal, a full grown specimen measuring about 27 mm., a small one 19 mm.; 
apical angle about 87°; volutions five. Shell like that of a l'rochonenw, with a moderate umbilicus, oblique 
aperture, and strongly carinated whorls, the last partly free in old specimens. Upper carina very strong 
and prominent, situated midway between the suture and slit-band; lower peripheral carina also unusually 
strong and prominent; midway between these carinffi, and separated from them by concave spaces but 
little wider than itself, is the broad and saJient slit-band, composed of comparatively distant, convex 
imbricating lamella', averaging on the laRt whorl about seven in 10 mm. The top of the whorls (i. e. the 
space between the su ture and the upper earina) is flat and the base moderately ventricose with an obscure 
carination around the umbilical depression. The aperture is oblique, more rounded than angular, and 
abruptly notehed at the extremity of the slit-band; the peristome is entire, the lower portion thick. The 
surface markings consist of rather coarse and irregular lines of growth. These, in crossing the whorls 
from above downwards, are not much reeurved until just before they reach the slit-band. On the conCave 
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which the lines of growth are reeurved is comparatively thin and sharp with the lines continuing without 

interruption oyer the summit. (See pI. LXXVII, fig. 38.) In the Trochonemoides section of Lophospira 

on the other hanel, the angle at the end of which we find the notch, is thick and carries a true pleuroto
marian band of which it is probably unnecessary to say that it interrupts the continuity of the lines 

of growth. 
Phalleroll"c?Jw, propDsed by Fischer for species of the type of Pleurotomaria labrosa Hall, also reminds 

one in a general way very strongly of these shells. That the latter have a large umbilicus and r. labrosa 

none, is probably not of much consequence, but there are other differences that doubtless are of greater 
importance. Of these we will point out only one, namely, the long apertural slit which occurs in Phaner

otTeIlW and is wanting in Lophospim, and which of itself is considered sufficient to warrant a generic 
separation. 

Formation and locality.-Lower part of Trenton period (?Ohazy) near Knoxville, Tennessee. We 
owe the opportunity of describing thitl as well as the following two equally interest.ing speeipg to their 
discoverer, Prof. J. M. Safford. 

LOPHOSPIRA (?) TROOHONEMOIDES, n. sp. (Ulrich.) 

PLA TE LXV. FIGS. 41-44. 

Hight 22 mm.; width 23 or 2± mm.; apical angle 100°; volutions four and a half; general appearance 
of shell decidedly like Trochonema bellula Ulrich. Upper peripheral carina thick, rounded, lower carina 
moderately distinct and sharp except on the latter half of the last whorl on which it grows gradually 
weaker until at the aperture it is quite obsolete; outer two-thirds of upper slope !iistinctly concave, 
remaining third flat to the suture; umbilicus large, only moderately steep, at first sharply outlined by a 
ridge which gradually becomes indistinct and at the same time moves outward causing the slope to the 
bottom of the um)Jilicus to become proportionally more gentle. Surface markings and aperture about as 
in L. knoxl'illensis, from which the present species is distinguished by its smaller size, more slowly enlarg
ing Yolutions, relatively larger umbilicus anel by the upper carina which is wanting in that species. 

As L. trochonemoides occurs at the sallie locality and geological horizon as Trochonema bfllula, and as 

the two might very easily be confounded by persons not thoroughly accustomed to separating fossil Gastro

poda it may be well to point out some of the differences. First, both the lower peripheral and umbilical 
carina' are stronger and more persistent in the Trocho'llema; then the space between the, upper carina and the 
suture line is concave instead of flat: fioally, the upper of the' peripheral carime is not so thick and 
sharper than it is in the Lophospira, while the line3 of growt,h, since there is no slit·band, pass over its 
summit without interruption. 

Formation and locality.-" Oentral limestone" of the Stones River group, Murfreesboro, Tennessee. 

LOPHOSPIRA (?) NOTABILIS, n. sp. (Ulrich.) 

PLATE LXXII. FIGS. 33-35. 

Hight and width nearly equal, a full grown specimen measuring about 27 mm., a small one 19 mm.; 
apical angle about 87°; volutions five. Shell like that of a TrochonemCl, with a moderate umbilicus, oblique 

aperture, and strongly carinated whorls, the last partly free in old specimens. Upper carina very strong 
and prominent, situated midway between the suture and slit-band; lower peripheral carina also unusually 
strong ane! protlJinent; miclway between these carime, and separated from them by concave spaces but 
little wider than itself, is the broad and salient slit-lJand, composed of comparatively distant, convex 
imbricating lamella~, averaging on the la~t whorl about seven in 10 mm. The top of the whorls (i. e. the 

space between the suture and the upper carina) is flat and the base moderately ventricose with an obscure 
carination around the umbilical depression. The aperture is oblique, more rounded than angular, and 
abruptly notched at the extremity of the slit-band; the peristome is entire, the lower portion thick. The 
surface markings consist of rather coarse and irregular lines of growth. These, in crossing the whorls 

from above downwards, are not much recurvecl until just before they reach the slit-band. On the concave 
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peripheral space they are approximately vertical, on the base broadly recurved about as in L. knoxuillensis 
and L. trocTwnernoides. 

The most striking feature of this remarkable shell, and one that will distingnish it at once from 
everyone of the host of Lower Silurian PleurotolnuJ'iiclc13 known to us, is the coarsely marked slit-band. 
~.l'his, as well as the form of the aperture and, in fact, the general aspect of the whole shell, is so different 
from the usual types of Lophospira that, if we had not at the same time seen L. knoxvillensis and L trocho
nemoides which, while having the usual Lophospint band, yet agree very closely with it in all other respects, 
we would have considered ourselve':l justified in proposing a new geous for its especial benefit. As it is, 
we are not at all satisfied that it would not be better to set these three species apart as a distinct genus, 
thereby facilitating reference to a genetic relationship that before the discovery of these shells was not 
even suspected. That a relation at this kind does exist between Trvchonemn and the Pleuroto1)!co'ii(Zw is 
now scarcely to be clenied, for it seems almost inconceivable that such intimate agreement in structure 
could occur except in near branches of the same stock. For further remarks on this group of specirs see 
under L. knoxvillensis. 

FOl'mation and local-tty.-Black River group (Carter's Creek limestone) Maury county, Tennessee, and 
Mercer county, Kentucky. 

Genus SCHIZOLOPHA, Ulrich. 

For generic characters see page 952. 

Of all the known Lower Silurian Pleurotomariidr;e, the two species of this genus 

alone possess a true apertural slit. In both the length and actual presence of the slit 

were established by the fact that a parasitic crust, in one case of a coral, in the other a 

bryozoan, which covered the shells evidently during life, grew up to but not over 

the slit and thus left a narrow space uncovered corresponding in width and length 

with the slit in the shell. In S. moorei the slit extends backward for a distance 

equaling about one-fifth of the circumference of the last whorl, in 8. textilis about 

two-ninths. The general expression of the two shells reminds one strongly of 

Lophospira, and when we add that the slit-band is of the convex type, we believe we are 

fairly justified in assuming that they were derived from some member of that genus. 

Schizolopha may be compared with Phanerotrema, Fischer, an Upper Silurian and 

Devonian genus, also provided with a long slit but differing in having a concave 

slit-band. Phanerotrema reminds one in some respects very strongly of the Trocho

nemoides section of Lophospira, but it recalls in other features the Calciferous 

Lophospira cassina Whitfield quite a8 much. The last species is represented in the 

collections before us, and we can say most positi vely that it is not a Lophospira. 

Having a concave band, situated somewhat obliquely upon the periphery, it had 

perhaps best be placed under Eotomaria, though scarcely as a good species of that 

genus. Having a concave band and agreeing"also in all other respects, save in wanting 

a8lit and revolving surface markings, we believe we have in Lophospira or Eotomar'ia 

cassina a reasonably plausible progenitor for Phanerotrema-certainly a more likely 

one than any of the forms that we refer to Lophospira. If this is correct., then 

Schi~olopha and Phanerotrema must be maintained as representing two distinct 

though almost parallel lines of development. 
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we are not at all satisfied that it would not be better to set these three species apart as a distinct genus, 
thereby facilitating reference to a genetic relationship that before the discovery of these shells was not 
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alone possess a true apertural slit. In both the length and actual presence of the slit 

were established by the fact that a parasitic crust, in one case of a coral, in the other a 

bryozoan, which covered the shells evidently during life, grew up to but not over 

the slit and thus left a narrow space uncovered corresponding in width and length 

with the slit in the shell. In S. moorei the slit extends backward for a distance 

equaling about one-fifth of the circumference of the last whorl, in 8. textilis about 

two-ninths. The general expression of the two shells reminds one strongly of 

Lophospira, and when we add that the slit-band is of the convex type, we believe we are 

fairly justified in assuming that they were derived from some member of that genus. 

Schizolopha may be compared with Phanerotrema, Fischer, an Upper Silurian and 
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perhaps best be placed under Eotomaria, though scarcely as a good species of that 

genus. Having a concave band and agreeing-also in all other respects, save in wanting 
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cassina a reasonably plausible progenitor for Phanerotrema-certainly a more likely 

one than any of the forms that we refer to Lophospim. If this is correct, then 

Schi~olopha and Phanerotrema must be maintained as representing two distinct 

though almost parallel lines of development. 
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SCHIZOLOPIIA TEXTILIS, n. sp., (Ulrich.) 

PLATE LXV, FIG. 30. 

Hight 30 mm., width 27 mm.; apical angle about 80°. Shell turbiniform, volutions about five, 
ventricose below, with a subcentral and only moderately prominent peripheral angle; above this a slightly 
concave space to the summit of a ridge which lies somewhat less than midway to the suture, then a wider 
and more deeply concave space to a scarcely perceptible shoulder at the suture; immediately above the 
last lies the slit-band of the preceding whorl; umbilicus very small; aperture sub ovate, higher than wide, 
the inner lip not very thick and curving outward in the lower half; slit about 0.6 mm. in width and 15.0 in 
length. Entire surface very delicately cancellated, the revolving lines much the finer of the two sets, the 
lines of growth rather regular, raised, juat about, visible to the unassisted eye, moderately recurved to the 

sli t-band. 

Formation and locality.-Upper part of Trenton iJroup, Nashville, Tennessee. 

Collect.ion.-E. O. Ulrich. 

SCHIZOLOPIIA MOOREI, n. sp. (Ulrich.) 

PLATE LXV, FIGS. 31-37. 

Hight of Richmond group form 28 to 38 mm., width 27 to 41 mm.; apical angle of same 75° to 82°; 
hight of Lorraine group form 20 to 29 mm., width variable, usually about the same as the hight; apical 
angle 65° in one instance, 83° in another, usually about 75°. Of whorls there are at least six in the shell, 
but casts of the interior, in which form the species occurs almost invariably, rarely if ever preserve more 
than three or four, the first two or three having been filled with shelly matter." In casts it is only the 
last whorl that is strongly carinate on the periphery, the upper ones being more or less rounded. The 
umbilicus is variable, being as a rule relatively larger and less steep in the Richmond group form, which 
we regard as the typical one for the species, than it is in the Lorraine group variety. On the shell of the 
latter the edge of the narrow umbilicus is angular. That a similar angle surrounds the umbilicus in the 
typical form is doubtful, though we have seen no specimens showing this part of the shell. Very few 
casts give any idea whatever of the surface markings. As seen on gutta percha impressions of natural 
molds of the exterior, they appear as rather coar&ely lamellose and strongly recurved lines of growth. The 
con vexity of the slit-band seems to grow less with age, the elevated line on each side of it stronger. 

Formation and locality.-Lorraine group at numerous localities in the vicinity of CinCinnati, Ohio; 
reappears in the upper part of the Richmond group. of which it is one of the most characteristic fossils, 
at many localities in Indiana ann Ohio, being perhaps the most abundant at Richmond in the former 
state and Oxforcl in the latter. 

Colleclion.-E. O. Ulrich. 

Genus LIOSPIRA, n. gen. 

In part PleuTotomw'ia ancl Raphistoma of many authors. 

For generic characters see page 953. 

We doubt that anyone can, after a thorough investigation, deny that this is 

not only a very convenient but also a most natural division of the Pleurotomariidce. 
The lenticular form of shell which pertains to the majority of the species is of 

course shared by other types, notably Raphistomina and Trepospira, and in a lesser 

degree by Eotomariaj but who will say that the differences which exist between 

these various types of shells, and which have in part been pointed out on preceding 
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SCHIZOLOPIIA TEXTILIS, n. Sp., (Ulrich.) 

PLATE LXV, FIG. 30. 
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ventricose below, with a subcentral and only moderately prominent peripheral angle; above this a Slightly 
concave space to the summit of a ridge which lies somewhat less than midway to the suture, then a wider 
ancl more deeply concave space to a scarcely perceptible shoulder at the suture; immediately above the 
last lies the slit-bancl of the preceding whorl; umbilicus very small; aperture subovate, higher than wide, 
the inner lip not very thick and curving outward in the lower half; slit about 0.6 mm. in width and 15.0 in 
length. Entire surface very delicately cancellated, the revol ving lines much the finer of the two sets, the 
lines of growth rather regnlar, raisecl, juat about, visible to the unassisted eye, moderately recurved to the 

sli t-band. 

Formation and lucality.-Upper part of Trenton group, Nashville, Tennessee. 

Collec(.ion.-E. O. Ulricll. 

SCHIZOLOPHA MOOREI, n. sp. (Ulrich.) 

PLATE LXV, FIGS. 31-37. 

Hight of Richmond group form 28 to 38 mm., width 27 to 41 mm.; apical angle of same 75° to 82°; 
hight of Lorraine group form 20 to 29 mm., width variable, usually about the same as the hight; apical 
angle 65° in one instance, 83° in another, usually about 75°. Of whorls there are at least six in the shell, 
but casts of the interior, in which form the species occurs almost iuvariably, rarely if ever preserve more 
than three or four, thE) first two or three having been filled with shelly matter. In casts it is only the 
last whorl that is sbrongly carinate on the periphery, the upper ones being more or less rounded. The 
umbilicus is variable, being as a rule relatively larger and less steep in the Richmond group form, which 
we regard as the typical one for the species, than it is in the Lorraine group variety. On the shell of the 
latter the edge of the narrow umbilicus is angular. That a similar angle surrounds the umbilicus in the 
typical form is doubtful, though we have seen no specimens showing this part of the shell. Very few 
casts give any idea whatever of thE) surface markings. As seen on gutta percha impressions of natural 
molcls of the exterior, thE)Y appear as rather coarbely lamellose and strongly recurvedlines of growth. The 
con vexity of thE) slit-band seems to grow less with age, the elevated line on each side of it stronger. 

Formation and locality.-Lorraine group at numerous localities in the vicinity of Oincinnati, Ohio; 
reappears in the upper part of the Richmond group, of which it is one of the most characteristic fossils, 
at many localities in Indiana ami Ohio, being perhaps the most abundant at Richmond in the former 
sta te and Oxford in the latter. 

Colleclion.-E. O. Ulrich. 

Genus LIOSPIRA, n. gen. 

In part Plcui'oto1rlan:u and RU]Jilistoma of many authors. 

For generic characters see page 953. 

We doubt that anyone can, after a thorough investigation, deny that this is 

not only a very convenient but also a most natural division of the Pleurotomariidce. 

The lenticular form of shell which pertains to the majority of the species is of 

course shared by other types, notably Raphistomina and Trepospira, and in a lesser 

degree by Eotomaria)' but who will say that the differences which exist between 

these various types of shells, and which have in part been pointed out on preceding 
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pages, are not amply sufficient for their separation and recognition? Raph istomina , 

as we have shown on pages 931-939, and 941, and as may be seen from the figures 

on plate LXVIII, has a very different aperture, being entirely without the peripheral 

notch and band. These differences are so important that the two genera cannot 

possibly belong even to the same family. As to our Treposp1ra, it resembles Liospim 

greatly, and may really be, though we are much inclined to doubt it, a lineal 

descendant of the Lower Silurian type. However that may prove to be, a generic 

separation must always be maintained because of the changing characters of the 

whorls of the spire and the short apertural slit which together characterize 

Trepospira and not Liospira. We refer the reader to page 957 for more detailed 

. observations on these points. 

When it comes to Eotomaria, we are willing to admit something more than 

mere resemblance. The form in that genus is more conical than lenticular, the 

suture better defined, the lines of growth generally stronger, and the peripheral 

band situated entirely upon the upper side of the edge, while the inner lip, so far as 

known, is never reflected over the umbilicus as is so commonly the case in Liospira. 
In the latter the sutures are nearly always enamelled and so that part of the band 

is covered. In Eotomaria, on the other hand, all of the band is visible and the outer 

edge of the inner whorls projects slightly above and over the inner edge of the next. 

These differences, we believe, are quite sufficient to separate the two types of shells 

as distinct genera, especially as they hold their own without any appreciable 

tendency to run into each other. Still, we believe that one was deri ved from the other. 

Of the two genera Liospira probably was the older. We come to this conclusion 

because its band is of the convex type, which, it seems to us, is necessarily a more 

primitive structure than the concave band. The convex form of band we believe 

always points to an alliance with the Euomphalidre which, theoretically at least, are 

older than the Pleurotomariidce. Liospira undoubtedly began earlier than the Calci

ferous, in which it was represented by at least one good species. What it was 

derived from we cannot say at present, yet we feel convinced that Lophospim 

originated in the same stock. As to the origin of Eotomaria we are not so confident, 

still we are strongly inclined to regard it as evolved from Liospira. There is nothing 

unreasonable about this belief, for that the necessary changes in the position and 

character of the band may have occurred is indicated by L. decipiens, in which the 

periphery is sharp and that portion of the band which lies on its upper side is not 

only decidedly concave but much the greater part of the whole. 

We describe, and in most cases illustrate, a total of fourteen species of this 

genus. Besides these we regard Raphistoma prcevium Whitfield (Calciferous), Pleuro
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known, is never reflected over the umbilicus as is so commonly the case in Liospira. 
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as distinct genera, especially as they hold their own without any appreciable 

tendency to run into each other. Still, we believe that one was deri ved from the other. 
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because its band is of the convex type, which, it seems to us, is necessarily a more 
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always points to an alliance with the Euomphalidre which, theoretically at least, are 
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ferous, in which it was represented by at least one good species. What it was 
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tomaria numena Billings (Quebec group), Pl. eugenia Billings, Helicotoma larvata 

Salter (Black River group), Pl. suutilistriata Hall (Trenton group), and Pl. helena 

Billings (Hudson River group) as belonging here. Then there is a considerable 

number of other Lower Silurian lenticular shells which cannot be placed satisfacto

rily because the most essential characters are neither mentioned in the descriptions 

nor shown in the figures so far published. There may be some of Liospira among 

them, but there is just as much reason for referring them to Raphistoma, Raphistomina 

or Eotomaria. Finally, there ·is a group of species of which Pleurotomaria docens 

Billings is a good representative. This species was recently referred to Raphistoma 

and it cannot be denied that in the general form of the shell it agrees very well 

with the most typical species of that genus. Still, P. docens has a band and that. 

alone positively forbids its being referred to Raphistoma. N ow, as to the band, is 

it entirely on the upper side of the peripheral angle, or does it turn over the edge 

and thus lie upon both sides of it? Judging from a Tennessee specimen which 

Billings himself identified with his species, we should say that the latter is the case 

and, therefore, that the species is to be viewed as a fiat-topped Liospira. 

As at present constituted LioslJira includes five species (L. larvata Salter sp., L. 

numeria Billings sp., and our L. rugata, L. mundula and L. angulata) that remind one 

very strongly of the euomphaloid genus Helicotoma. But they all have an unques· 

tionable slit-band and one that, so far as we have been able to learn, is in every 

respect like that of the most typical forms of Liospira. Helicotoma, however, has no 

true slit-band. Instead we find merely a thin sharp ridge-with occasionally a line 

on only one side of its base-placed entirely upon the upper side of the whorls. 

That these species belong to Liospira is, we believe, shown conclusively by such 

obviously intermediate forms as L. suuconcava, L. persimilis, L. helena and L. eugenia. 

It seems to be merely another case showing how some of the subdivisions of 

ordinarily widely different branches of the same radical may come to agree in 

structure through, in this case we presume, a kind of atavism. 

LIOSPIRA MICULA Hall. 

PLATE LXVIII. FIGS. U-29. 

Plew'otomctria miwla HALL, 1862, Geol. Rep. Wis., p. 55. (Figured but not described.) 

A small discoidal shell having the umbilicus filled by a reflexed callosity of the inner lip. This 
filling is concave externally, perfectly smooth, and generally rather distinctly outlined and distinguished 
from the fine.ly striated under side of the volutioDs. There are about four volutions, and within these a 
minute nucleus, the sutures are very shallow, the spire, excepting an occasional slight convexity of the 
upper whorls, i'ormi ng an almost continuous even 8lope from the apex to the slightay obtuse periphery. 
The surface markings consist usually of flne lines of growth only, but nearly all of the best specimens 
show traces of an exceedingly fine set of revolving lines. On the under surface of the whorls the lines of 
growth lllh a broad curve, the inner half being the most cUf'/ed. The band occupies the periphery 

994 THE PALEONTOLOGY OF MINNESOTA. 
[Liospira micula. 

tomaria numena Billings (Quebec group), Pl. eugenia Billings, Helicotoma larvata 

Salter (Black River group), Pl. subtilistriata Hall (Trenton group), and Pl. helena 

Billings (Hudson River group) as belonging here. Then there is a considerable 

number of other Lower Silurian lenticular shells which cannot be placed satisfacto

rily because the most essential characters are neither mentioned in the descriptions 

nor shown in the figures so far published. There may be some of Liospira among 

them, but there is just as much reason for referring them to Raphistoma, Raphistomina 

or Eotomaria. Finally, there ·is a group of species of which Pleurotomaria docens 

Billings is a good representative. This species was recently referred to Raphistoma 

and it cannot be denied that in the general form of the shell it agrees very well 

with the most typical species of that genus. Still, P. docens has a band and that. 

alone positively forbids its being referred to Raphistoma. N ow, as to the band, is 

it entirely on the upper side of the peripheral angle, or does it turn over the edge 

and thus lie upon both sides of it ? Judging from a Tennessee specimen which 

Billings himself identified with his species, we should say that the latter is the case 

and, therefore, that the species is to be viewed as a flat-topped Liospira. 

As at present constituted LioslJira includes five species (L. larvata Salter sp., L. 

numeria Billings sp., and our L. rugata, L. mundula and L. angulata) that remind one 

very strongly of the euomphaloid genus Relicotoma. But they all have an unques

tionable slit-band and one that, so far as we have been able to learn, is in every 

respect like that of the most typical forms of Liospira. Helicotoma, however, has no 

true slit-band. Instead we find merely a thin sharp ridge-with occasionally a line 

on only one side of its base-placed entirely upon the upper side of the whorls. 

That these species belong to Liospira is, we believe, shown conclusively by such 

obviously intermediate forms as L. subconcava, L. persimilis, L. helena and L. eugenia. 

It seems to be merely another case showing how some of the subdivisions of 

ordinarily widely different branches of the same radical may come to agree in 

structure through, in this case we presume, a kind of atavism. 

LIOSPIRA MICULA Hall. 

PLATE LXVIII. FIGS. 2!-29. 

Pleurotollwria miwla HALL, 1862, Geol. Rep. Wis., p. 55. (Figured but not described.) 

A small discoidal shell having the umbilicus filled by a refiexed callosity of the inner lip. This 
filling is concave externally, perfectly smooth, ancl generally rather distinctly outlined and distinguished 
from the finely striated uncler side of the volutions. There are about four volutions, and within these a 
minute nueleus, the sutures are yery shallow, the spire, excepting an occasional slight convexity of the 
upper whorls, forming an almost· continuous even slope from the apex to the slightily obtuse periphery. 
The surface markings consist usually of fine lines of growth only, but nearly all of the best specimens 
show traces of an exceedingly finc set of revolving lines. On the under surface of the whorls the lines of 
growth illlk,; a broad carve, th" inner half being the most cUf'/ed. The band occupies the periphery 
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though somewhat obliquely, nearly twice as much of it being visible in a view of the upper side than is 
seen in a basal view. It is to be distinguished only on the best specimens, but we have at least fifty 
before us showing it very clearly. The inner lip is almost vertical in the Trenton variety of the species 
and always more nearly so than in the Utica form. 

This species rarely, if ever, exceeds 16 mm. in diameter, the average for most localities being 11 or 
12 mm. The Maquoketa shales types are commonly less than 10 mm. in diameter. Aside from the fact 
that it is considerably smaller there is little to distinguish L. micula from L. lJTogne Billings sp. They 
are doubtless closely related species. 

FOI'mation and locality.-Trenton group, Burgin, Danville and Frankfort, Kentucky; Utica group 
(Maquoketa shales) at various localities in Minnesota, Wisconsin, Illinois and Iowa, associated with 
Otenodonta fecunda; also in Ohio and Kentucky, where there is reason to believe that it ascends into the 
Lorraine group. 

Oollection.-E. O. Ulrich. 

LIOSPIRA ABRUPTA, n. sp. 

PLATE LXXXII, FIGS. 36- as. 

A small species like the preceding but with the spire relatively less elevated and not entirely 
smooth at the sutures, the outer edges of the inner whorls projecting just enough to be noticed readily 
by the naked eye. The band is also mor2 distinct, especially upon the upper side where it reminds one 
considerably of the concave band of an EotomaTia; then it is also sbarper on the edge, while the lower 
half of the band is usually much more distinct. The umbilicus is not filled but extends up to the 
apical whorl, showing all the whorls within; its edge is sharply angular, the sides nearly vertical, while 
its width equals something like a fourth of the greatest diameter of the shell. The base is a trifle 
higher than the spire, the basal slope, from the periphery to the edge of the umbilicus, gently convex; 
the aperture is triangular, its width slightly exceeding the hight. Aside from the peripheral band, the 
surface appears to have been without markings of any kind. There are four whorls without counting 
the minute nucleus. 

The largest of four specimens from Minnesota, belonging to this or a closely related species, bas 
a width of 8.5 mm. The width in about one hundred specimens from Tennessee varies from 7 to 10 mm., 
and in nine-tenths of these from 8 to 9 mm. The Minnesota specimens doubtfully referred here differ from 
the Tennnesee and Kentucky types of the species in the more rapid expansion of the whorls, three sufficing 
where it requires four in the latter, and in having a relatively higher spire. In both of these points 
they agree with L. micula Hall sp., and we would refer them to that species were it not that they have 
an open umbilicus. 

Formation and locality.-Stones River group, Murfreesboro, Tennpssee; High Bridge, Kentucky. 
Two of the Minnesota specimens referred to are trom the limestone at Minneapolis, the others from 
the Black River shales at Cbatfield. 

Oollection.-E. O. Ulrich. 

LroSPIRA VITRUVIA Billings. 

PLATE LXIX. FIGS. 3-8. 

Pleurotomaria vitruvia BILLINGS, 1865, Pal. Foss., vol. 1, p. 171. 
Pleurotomm'ia (or Raphistoma) lenticularis (part.) of numerous American authors. 

SpeCimens of this well marked species are not known to exceed 30 mm. in diameter, a good average 
being about 25 mm. The hight is about half of the width. The upper side of the last whorl is 
frequently a little concave because of a slight elevation of the peripheral band. The umbilicus is open 
but varies somewhat in size, its width being often not more than a fourth, at other times quite 
a third of the greatest diameter of the shell. The prinCipal peculiarities of the speCies occur on the 
llI1aer side. Here we have first the open umbilicus with its angular margin and flattened sides; and 

Liosp!ra abrupta.1 
GASTROPODA. 995 

though sC)mewhat obliquely, nearly twice as much of it being visible in a view of the upper side than is 
seen in a basal view. It is to be distinguished only on the best specimens, but we have at least fifty 
before us showing it very clearly. The inner lip is almost vertical in the Trenton variety of the species 
and always more nearly so than in the Utica form. 

This species rarely, if ever, exceeds]6 mm. in diameter, the average for most localities being 11 or 
12 mm. The Maquoketa shales types are commonly less than 10 mm. in diameter. Asi(le from the fact 
that it is considerably smaller there is little to distinguish L. micula from L. ]Jrognc Billings sp. They 
are doubtless closely related species. 

Formation and locality.-Trenton group, Burgin, Danville and Frankfort, Kentucky; Utica group 
(Maquoketa shales) at various localities in Minnesota, Wiscon;;ill, Illinois and Iowa, associated with 
Otenoclonta fecunda; also in Ohio and Kentucky, where there is rcason to believe that it ascends into the 
Lorraine group. 

Oollection.-E. O. Ulrich. 

LIOSPIRA ABRUPTA, n. sp. 

PLATE LXXXII, FIGS. 36- as. 

A small species like the preceding but with the spire relatively less elevated and not entirely 
smooth at the sutures, the outer edges of the in ner whorls projecting just enough to be noticed readily 
by the naked eye. The band is also mor8 distinct, especially upon the upper side where it reminds one 
considerably of the concave band of an Eotomaria; then it is also sbarper on the edge, while the lower 
half of the band is usually much more distinct. The umbilicus is not filled but extends up to the 
apical whorl, showing all the whorls within; its edge is sharply angular, the sides nearly vertical, while 
its width equals something like a fourth of the greatest diameter of the shell. The base is a trifie 
higher than the spire, the basal slope, from the periphery to the edge of the umbilicus, gently convex; 
the aperture is triangular, its width slightly exceeding the hight. Aside from the peripheral band, the 
surface appears to have been without markings of any kind. There are four whorls without counting 
the minute nucleus. 

The largest of four specimens from Minnesota, belonging to this or a closely related species, has 
a width of 8.5 mm. The width in about one hundred specimens from Tennessee varies from 7 to 10 mm., 
and in nine-tenths of these from 8 to 9 mm. The Minnesota specimens doubtfully referred here differ from 
the Tennnesee and Kentucky types of the species in the more rapid expansion of the whorls, three sufficing 
where it requires four in the latter, and in having a relatively higher spire. In both of these points 
they agree with L. micula Hall sp., and we would refer them to that species were it not that they have 

an open umbilicus. 

Formation and locality.-Stones River group, Murfreesboro, Tennpssee; High Bridge, Kentucky. 
Two of the Minnesota specimens referred to are from the limestone at Minneapolis, the others from 
the Black River shales at Ohatfield. 

Oollection.-E. O. Ulrich. 

LIOSPIRA VITRUVIA Billings. 

PLATE LXIX. FIGS. 3-8. 

Pleurotomaria vitruvia BILLINGS, 1865, Pal. Foss., vol. 1, p. 171. 
Pleurotoma?'ia (or Raphistoma) lenticularis (part.) of numerous American authors. 

SpeCimens of this well marked species are not known to exceed 30 mm. in diameter, a good average 
being about 25 mm. The hight is about half of the width. The upper side of the last whorl is 
frequently a little concave because of a slight elevation of the peripheral band. The umbilicus is open 
but varies somewhat in size, its width being often not more than a fourth, at other times quite 
a third of the greatest diameter of the shell. The principal peculiarities of the species occur on the 
under side. Here we have first the open umbilicus with its angular margin and flattened sides; and 
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then the unusual prominence and the sharpness of the curve of the central portion of the outline of 
the lower lip. Tbe angularity of the margin of the umbilicus is of course much less marked in casts 
of the interior than on the shell itself. Still it is al ways indicated with sufficient clearness to be unmis
takable to the trained observer. For comparisons see following species. 

FonJ'wtiol1 ancllocality.-Ranges from the base of the Stones River group to the Richmond group. r 

The geographical distribution also is very extended, it having been found in Canada, New York, 
Tennessee, Kentucky, Ohio, Indiana, Illinois, Iuwa, Wisconsin, and Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield . 

.frIusewn Register, Nos. 6765, 7287, 7380. 

LIOSPIRA AMERICANA Billings. 

(Not Figured.) 

Pleul"otomal"ia americana BILLINGS, 1860, Can. Nat. and Geol., vol. 5, p. 164. 
Pleurotomaria (or Raphistoma) lenticulQ1'is (part.) of American authurs. (Not Sowerby's species.) 

Diameter 30 to 40 mm., higbt one-balf the diameter or le8s; apical angle about 130°. 

Tbis species grew to somewhat larger size than L. vitnwia, witb which it is generally confounded 
and excusably so, considering tbe imperfect condition of the great majority of Elpecimens. We have 
fOllnd it much less abundant than that species, while its vertical range also is less extensive, being 
restricted apparently to the Trenton period. When good specimens are compared it may be distinguished 
at once from L. vitnwia by the different shape of the under lip and a corresponding difference in the 
course of the lines of growth. In L. vitruvia, namely, (see pI. LXIX, fig. 4) the central portion of the 
lower lip projects greatly forward, the anterior outline being sharply rounded in consequence. In 
L. americana, on the other hand, the projection is much less and the curve of the outline, therefore, 
broader, the conditions being about as in L. mictlla and L. progne. (See pl. LXVIII, figs. 24 and 38.) 

Wben the aperture is imperfect and the lines of growth are not preserved, we must depend upon the 
characters of the umbilicus, which is a little wider am! less abrupt in casts of L. americana, while tbe 
s11ell itself presents no sign of the angulation which encloses the umbilicus in L. vitruvia. Where casts 
of the interior only were available we found it sometimes impossible to distingui~h them from L. progne, 

but fortunately it is very rare to find casts of L. americana in which the umbilical cavity is freed 
entirely of the matrix. This fact affords an almost infallible clue, for, if the cavity contains any of the 
stuny matrix in which the fossil was imbeded, the observer may rest aEsured that the sp"cimen is not 
one of L. progne. In the latter species the relatively large umbilical space is completely occupied by 
shell-matter, so taat the cavity remaining after the dissolution of the shell could not, under ordinary 
circumstances, be filled with matter of the same kind as tbat which fills the interior of the whorls. 

Forma/ion (/ncllocaZity.-Stones River group, Lebanon, Tennessee; Black River group, Maury county, 
Tenne~see; Trenton group (Fusis;Jira bed), Fillmore county, Minnesota; also several localities in 
Manitoba. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich . 

.frIusemn Register, Nos. 7348, ?7395. 

LIOSPIRA PROGNE Billings. 

PLATE LXVIII, FIGS. 38-44. 

Plcu1"otomaria prognc BILLINGS, 1860, Can. Nat. and Geol , vol. 5, p. 163. 

Width 25 to 35 mm.; higbt about. half the widtb; volutions four to four and a half; apical angle 
a bou t 1 :20°. 

This is another of the forms that, especially where it occurs as casts of the interior, is generally 
referred te> as R:!phistolna ienliwlure =Liospi/"a arn~ricana Billings sp. Although casts of the interior 
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then the unusual prominence and the sharpness of the curve of the central portion of the outline of 
the lower lip. The angularity of the margin of the umbilicus is of course much less marked in casts 
of the interior than on the shell itself. Still it is a1 ways indicated with sufficient clearness to be unmis

takable to the trained observer. For comparisons see following species. 

Fonrwtioll ancllocality.-Ranges from the base of the Stonp.s River group to the Richmond group. r 

The geographical distribution also is very extended, it having been found in Canada, New York, 
Tennessee, KentuckY, Ohio, Indiana, Illinois, Iuwa, Wisconsin, and Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

fr[usewn Register, Nos. 6765, 7287, 7380. 

LIOSPIRA AMERICANA Billings. 

(Not Figured.) 

Pl€!lrotomaria americana BILLINGS, 1860, Can. Nat. and Oeol., vol. 5, p. 164. 
PleuTOtomaria (or Raphistoma) lenticularis (part.) of American authurs. (Not Sowerby's species.) 

Diameter 30 to 40 mm., hight one-half the diameter or le8s; apical angle about 130°. 

This species grew to somewhat larger size than L. vitnwia, with which it is generally confounded 
and excusably so, considering the imperfect condition of the great majority of ~pecimens. We have 
found it much less abundant than that species, while its vertical range also is less extensive, being 
restricted apparently to the Trenton period. When good specimens are compared it may be distinguished 
at once from L. vitnwia by the different shape of the under lip and a corresponding difference in the 
course of the lines of growth. In L. vitruvia, namely, (see pI. LXIX, fig. 4) the central portion of the 
lower lip projects greatly forward, the anterior outline being sharply rounded in consequence. In 
L. americana, on the other hand, the projection is much less and the curve of the outline, therefore, 
broader, the conditions being about as in L. micula and L. progne. (See pI. LXVIII, figs. 24 a.nd 38.) 

When the aperture is imperfect and the lines of growth are not preserved, we must depend upon the 
characters of the umbilicus, which is a little wider ana less abrupt in casts of L. americana, while the 
shell itself presents no sign of the angulation which encloses the umbilicus in L. vitruvia. Where casts 
of the interior (lnly were available we found it sometimes impossible to distingui;;h them from L. progne, 

but fortunately it is very rare to find casts of L. americana in which the umbilical cavity is freed 
entirely of the matrix. This fact affords an almost infallible clue, for, if the cavity contains any of the 
stony matrix in which the fossil was imbeded, the observer may rest a8sured that the sp'cimen is not 
one of L. progne. In the latter species the relatively large umbilical space is completely occupied by 
shell-matter, so toat the cavity remaining after the dissolution of the shell could not, under ordinary 
Circumstances, be filled with matter of the same kind as that which fills the interior of the whorls. 

Formation aHcllocalily.-Stones River group, Lebanon, Tennessee; Black River group, Maury county, 
Teoneosee; Trenton group (Fusispira bed), FillmrJre county, Minnesota; also several localities in 
Manitoba. 

Collections.-Geo1ogical and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, Nos. 73411, ·?7395. 

LIOSPIRA PROGNE Billings. 

PLATE LXVIII, FIGS. 38-44. 

Plcurotonwria proglle BILLINGS, 1860, Can. Nat. and Geol , vol. 5, p. 163. 

Width 25 to 35 mm.; hight about half the width; vo1utioDs four to four and a half; apical angle 
about ]:20°. 

This is another of the forms that, especially where it occurs as casts of the interior, is generally 
referred t~ as R(phistonvt lelltiwlare =Liospira amgricana Billings sp. Although casts of the interior 
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resemble that species very closely (for comparisons see preceding page) the affinities of L. pTOgl1C are really 
much nearer L. rnicula Hall sp. Indeed, the last is probably nothing more than a dwarfed variety of 
L. progne, and if it were not for the fact that it held its own with remarkable constancy through a 
long period and is perhaps the most common type of the genus, we would be inclined to place its name 
on the list of synonyms. The closed umbilicus distinguishes both very easily from L. americana, L. 
vitruvia, and other species of the genus having an open umbilicus, while the extreme faintness of their 
suture lines and the fiatness or Rlight, convexity of the upper surface of their volutions separates them 
at once from such close allies of L. helena Billings sp. and L. persirnilis Ulrich. 

Formation and locality.-Stones River group, Murfreesboro and Lebanon, Tennessee; Black River 
and Trenton groups, Mercer county, Kentucky, and near Ottawa, Canada; Trenton group, Clitambonites 
and Fusispira beds, Goodhue and Fillmore counties, Minnesota. 

Oollection.-E. O. Ulrich. 

LIOSPIRA ANGUSTATA, n. sp. 

PLATE L~VIII, FIGS. 35-37; PLATE LXIX, FIGS. 1-2. 

Stones River group variety: Width about 17 or 18 mm., hight about 9 mm.; apical angle 125°. 

Trenton group variety; Width 29 to 45 mm., hight 15 to 22 mm.; apical angle about 130°. Number of 
volutions four to five. 

This species, casts of which are exceedingly like those of L. americana and L. p1"ogne, is distinguished 
from the former by the great and gradually increasing deposit of shell-matter on the umbilical side of the 
whorls, and from the latter by the fact that this deposit does not, as is the case in that species, fill the 
umbilical cavity entirely, but leaves a narrow subcentral perforation. As shown in figure 37 on plate 
LXVIII, the umbilical perforation is relatively much larger in the younger stages of the shell than it is 
in fully grown examples, showing that the deposit" which we take t,o be a callous refiection of the inner lip, 
was proportionally much greater in later stages of growth. The callosity did not spread itself OVer the 
bottom of the umbilicus but was confined to its sides, and herein lies the principal rlifference between 
L. angustata and L. progne. Another difference is that the anterior outline of the lower lip is more broadly 

and less uniformly convex. 

Formation and locality.-Of the small Stones River group variety we have four specimens which 
one of us collected in the Vanuxemia bed at Minneapolis. Of the larger variety, which occurs in the 
Fusispira bed of the Trenton group at several localities in Fillmore county, we have five specimens. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 7494. 

LIOSPIRA OBTUSA, n. sp. 

PLATE LXVIII, FIGS. 30-34. 

Hight of a large specimen 25 mm., width of same 44 mm.; hight of a small example 17 mm., width of 
same 32 mm. Volutions four to five, with the periphery rounded and the upper side very slightly convex. 
Umbilical cavity rather large in casts but in the shell itself it is filled, excepting a minute central 
perfol'ation, by a distinctly outlined, thick external deposit on the inner side of the whorls. This deposit 
is as heavy relatively on the inner whorls as on the last. The last feature, together with the obtuse 

character of the periphery, distinguishes this species from L. angustata. 
Among a lot of Lower Silurian Gastropoda kindly sent us by Prof. J. M. Safford, we find two speci

mens which he collected from the" Ridley limestone" in Rutherford county, Tennessee, which agree in 
all respects with this species save that the umbilicus is not constricted by a deposit of shell such as we 
find in this and the preceding species. 'fhe umbilicus is about as large as in L. vitruvia but the margin of 
it, though rather abruptly rounded, is not angular as in that species. We believe these specimens 
represent apother undescribed species of this important genus and one that, if time and space had 
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resemble that species very closely (for comparisons see preceding page) the affinities of L. pTognc arc really 
much nearer L. rnicula Hall sp. Indeed, the last is probably nothing more than a dwarfed variety of 
L. progne, and if it were not for the fact that it held its own with remarkable constancy through a 
long period and is perhaps the most common type of the gel\us, we would be inclined to place its name 
on the list of synonyms. The closed umbilicus distinguishes both very easily from L. ame?'icamt, L. 

vitruvia, and other species of the genus having an open umbilicus, while the extr~me faintness of their 
suture lines and the fiat ness (lr Rlightl convexity of the upper surface of their volutions separates them 
at once from such close allies of L. helena Billings sp. and L. pe?'sirnilis Ulrich. 

Formation and locality.-Stones River group, Murfreesboro and Lebanon, Tennessee; Black River 
and Trenton groups, Mercer county, Kentucky, and near Ottawa, Canada; Trenton gronp, Clitambonites 
and Fusispira beds, Goodhue and Fillmore counties, Minnesota. 

Oollection.-E. O. Ulrich. 

LIOSPIRA ANGUSTATA, n. sp. 

PLATE L2fVIII, FIGS. 35-37; PLATE LXIX, FIGS. 1-2. 

Stones River group variety: Width about 17 or 18 mm., hight about 9 mm.; apical angle 125°. 
Tr~nton group variety; Width 29 to 45 mm., hight 15 to 22 mm.; apical angle about 130°. Number of 
volutions four to five. 

This species, casts of which are exceedingly like those of L. americana and L. pj'ogne, is distinguished 
from the former by the great and gradually increasing deposit of shell-matter on the umbilical side of the 
whorls, and from the latter by the fact that this deposit does not, as is the case in that species, fill the 
umbilical cavity entirely, but leaves a narrow subcentral perforation. As shown in figure 37 on plate 
LXVIII, the umbilical perforation is relatively much larger in the younger stages of the shell than it is 
in fully grown example~, showing that the deposit, which we take r,o be a callous refiection of the inner lip, 
was proportionally much ~reater in later stages of growth. The callosity did not spread itself OVer the 
bottom of the umbilicus but was confined to its sides, and herein lies the principal difference between 
L. angustata and L. pj'ogne. Another difference is that the anterior outline of the lower lip is more broadly 
and less uniformly convex. 

Formation and locality.-Of the small Stones River group variety we have four specimens which 
one of us collected in the Vanuxemia bed at Minneapolis. Of the larger variety, which occurs in the 
Fusispira bed of the Trenton group at several localities in Fillmore county, we have five specimens. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 7494. 

LIOSPIRA OBTUSA, n. sp. 

PLATE LXVIII. FIGS. 30-34. 

Hight of a large specimen 25 mm., width of same 44 mm.; hight of a small example 17 mm., width of 
same 32 mm. Volutions four to five, with the periphery rounded and the upper side very slightly cunyex. 
Umbilical cavity rather large in casts but in the shell itself it is filled, excepting a minute central 
perfoI'ation, by a distinctly outlined, thick external deposit on the inner side of the whorls. 'This deposit 
is as heavy relatively on the inner whorls as on the last. The last feature, together with the obtuse 

character of the periphery, distinguishes this species from L. angustata. 
Among a lot of Lower Silurian Gastropoda kindly sent us by Prof. J. M. Safford, we finel two speci

mens which he collected from the" Ridley limestone" in Rutherford county, Tennessee, which agree in 
all respects with this species save that the umbilicus is not constricted by a deposit of shell such as we 
find in this and the preceding species. '.rbe umbilicus is about as large as in L. vitnwia but the margin of 
it, though rather abruptly rounded, is not angular as in that species. We believe these specimens 
represent apother undescribed species of this important genus and one that, if time and space had 



998 THE PALEONTOLOGY OF MINNESOTA. 
[Llospira dee11llens. 

permitted, we would have illustrated because we expect it will prove a necessary link in showing the 
evolution of the family. Since it is easily recognized, and as it would facilitate reference to it, we propose 
to call it Liospira convexa. 

Formation and locality.-Vanuxemia bed of the Stones River group, Minneapolis, Minnesota, DIxon, 
Illinois, and Beloit, Wisconsin. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulri0h. 

Museum Register, No. 687. 

LIOSPIRA DECIPIENS, n. sp. (Ulrich.) 

PLATE LXXXII. FIGS. 39-41. 

Width 18 to 23 mm ; hight 8 to 11 mm.; apical angle about ]350 ; angle formed by slope of spire and 
outer half of basal slope about 60°. Volutions five, fiat above from the suture to the sharp, thread-like 
inner or upper margin of the peripheral band. At least two-thirds of the latter lies upon the upper side 
of the acute edge of the shell. This portion of the band is distinctly concave and presents exactly the 
appearance of the entire band of an Eotomaria. When, however, the edge is in good condition, it will be 
seen that the remaining third of the band turns over the edge and lies, as it should in Liospira, on the 
under side of the periphery. Excepting the slight elevation of the band, the upper side of the shell forms 
a smooth even slope, with tbe lines of growth very obscure. On the under side the umbilicus is covered 
about as in L. subconcava and L. progne, the forward curve of the lines of growth is only moderate, the 
mouth transverse, acuminate-ovate. 

The unusual sharpness of the peripheral edge and the distinctly concave character of the upper part 
of the band are the principal peculiarities of this species. These features will distinguish the speCies at 
once from all others now referred to Lio.'pim. At the same time, when the upper side only is Visible, one 
is very liable to mistake the generic position of the shell. 

Fm'mation and locality.-Safford's "Central limestone" of the Stones River group, Murfreesboro, 
Tennessee. 

Oollection.-E. O. Ulrich. 

LIOSPIRA PERSIMILIS, n. sp. (Ulrich.) 

PLATE LXVIII, FIGS. 45-47. 

In size and general expression, especially in a view on the upper side, this fine shell resembles L. 
helena Billings sp. very greatly, but when we turn them over and compare the basal portions, at least OM 
decided difference is quickly observed. Namely, in L. helena (we have an authentic specimen of this 
species before us) while the umbilicus is in most cases en'tirely closed, there is, nevertheless, a_small 
depreSSion, the umbilical region, with the callous reflection of the pillar lip, appearing about as the same 
part in L. micula and L. progne. In L_ pel'sirnilis, on the other h'and, this region is scarcely, or at any rate 
less, depressed, while the smooth callosity extends as a thin sheet for a considerable distance beyond what 
may be properly included in the umbilical region. Among other differences we may mention that the 
proportional hight of the Canadian shell is as a rule greater, being from two-thirds to three-fourths of the 
greatest width, while in L persimilis it varies between one-half and two-thirds. The upper side of the 
Whorls also is generally more strongly concave than in. our species. Compared with other species L. 
persimilis is distinguished from all others of the family known to us by the great extent of its umbilical' 
callOSity. The next species is closely related. The largest specimen seen is 30 mm. in diameter, the 
smallest 18 mm_ 25 or 26 mm. appears to be a fair average. 

Formation and locality.-Trenton group, Hartsville Tennessee where the seven speCimens used in 
the above description were collected by PrOf. J. M. Safford. ' 
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permitted, we would have illustrated because we expect it will prove a necessary link in showing the 
evolution of the family. Since it is easily recognized, and as it would facilitate reference to it, we propose 

to call it Liospira convexa. 

Formation and locality.-Vanuxemia bed of the Stones River group, Minneapolis, Minnesota, Dixon, 
Illinois, and Beloit, Wisconsin. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulri0h. 

Museum Register, No. 687. 

LIOSPIRA DECIPIENS, n. sp. (Ulrich.) 

PLATE LXXXII. FIGS. 39-41. 

Width 18 to 23 mm ; hight 8 to 11 mm.; apical angle about 135°; angle formed by slope of spire and 
outer half of basal slope about 60°. Volutions five, flat above from tbe suture to the sharp, thread-like 
inner or upper margin of the peripheral band. At least two-thirds of the latter lies upon the upper side 
of the acute edge of the shell. This portion of the band is distinctly concave and presents exactly the 
appearance of the entire band of an EotomaTia When, however, the edge is in good condition, it will be 
seen that the remaining third of the band turns over the edge and lies, as it should in Liospira, on the 
under side of the periphery. Excepting the slight elevation of the band, the upper side of the shell forms 
a smooth even slope, with tbe lines of growth very obscure. On the under side the umbilicus is covered 
about as in L. sl.bconcava and L. pTognc, the forward curve of the lines of growth is only moderate, the 
mouth transverse, acuminate-ovate. 

The unusual sharpness of the peripheral edge and the distinctly concave character of the upper part 
of the band are the principal peculiarities of this species. These features will distinguish the species at 
once from all others now referred to Lioi<pim. At the same time, when the upper side only is visible, one 
is very liable to mistake the generic position of the shell. 

F01'mation ancI locality.-Safford's "Oentral limestone" of the Stones River group, Murfreesboro, 
Tennessee. 

Collection.-E. O. Ulrich. 

LIOSPIRA PERSIMILIS, n. Sp. (Ulrich.) 

PLATE LXVIII. FIGS. 45-47. 

In size and general expression, especially in a view on the upper side, this flne shell resembles L. 
helenc( Billings sp. very greatly, but when we turn them over and compare the basal portions, at least OM 

decided difference is quiclcly observed. Namely, in L. helena (we have an authentic specimen of this 
species before us) while the umbilicus is in most cases en'tirely closed, there is, nevertheless, a.small 
depreSSion, the umbilical region, with the callous reflection of the pillar lip, appearing about as the same 
part in L. mienla and L. pTogne. In L. pel'similis, on the other h~nd. this region is scarcely, or at any rate 
less, rlepressed, While the smooth callosity extends itS a thin sheet for a considerable distance beyond what 
may be properly included in the um bilical region. Among other differences we may mention that the 
proportional hight of the Oanadian shell is as a rule greater, being from two-thirds to three-fourths of the 
greatest width, while in L persimilis it varies between one-half and two-thirds. The upper side of the 
whorls also is generally more strongly concave than in. our species. Oompared with other species L. 
persimilis is distinguished from all others of the family known to us by the great extent of its umbilical 
callosity. The next species is closely related. The largest specimen seen is 30 mm. in diameter, the 
smallest 18 mm. 25 or 26 mm, appears to be a fair average. 

F01'mation (tnd locality.-Trenton group, Hartsville, Tennessee, where the seven specimens used in 
the above description were collected by Prof. J. M. Safford. 
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LIOSPIRA SUBOONOAVA, n. Sp. (Ulrich.) 

PLATE LXIX, FIGS. 30-3~;. 

Average diameter about 20 mm., but varying in thirtel,n sper~illlens betw1cen the extretlJcs of 15 and 
25 mm. The hight, which is about equally divided between the spire and base, compares with the greatest 
width about as six to eleven. On the upper side of the sheil the surface of the whorls is concave, but this 
concavity is produced chiefly by the elevation of t,he two edges, the peripheral one being thick and the 
sutural one thin and sharp. The umbilicus is filled, the surface of the /j]]ing but slightly concave and its 
outer margin, which includes a space with a diameter cqualling' somewhat less than a third of the greatest 
width of the shell, more or less sharply defined. The anterior outlim; of the lower lip bows rather strongly 
forward in the outer two-thirds, and always more so than it does in L. pcnirnilis. If we add to this that 
the umbilical cavity is mr.ch less depressed, and its filling not nearly so extensive as in that species, we 
have at least three good characters by which ordinarily good specimens of the two specie 1 may be 
distinguished. 

Compared with other species we find that both L. helencl and L. eugenia of Billings are closely 
related. In the first the hight is relatively greater, the inner lip higher and more nearly vertical and the 
umbilical depreSSion narrower, more abrupt, and much deeper. In the second the outer part of the basal 
half of the shell is more nearly vertical, the form of the aperture more nearly quadrate, and the whorls 
"gently convex above near the suture." 

Formation and locality.-Lowest division of the Stones River group, near Murfreesboro, Tennessee. 

Oollection.-E. O. Ulrich. 

LIOSPIRA RUGATA, n. sp. (Ulrich.) 

PLA TE LXIX, FIGS. 33-36. 

In ten representative specimens the width varies from 14 to 20 mm. The hight equals about 
two-thirds of the width. Volutions four or five, with a thick ridge above along the suture, deeply concave 
between this and the elevated band which is set obliquely upon th," upper angle of the periphevy. The 
latter is vertical, rather wide and unusually well defined below where it passes into the moderately convex 
base. Lower and outer portions of peristome bowed strongly forward, and prominent at tbe obscure angle 
of the periphery, above which the outline curves strongly backward toward the band. Inner lip thick, 
turned outward, excavated in front, reflected and completely covering tbe umbilicus. Mouth rounded
pentagonal; shell rather thick. The surface markings are not well preserved. As far as known they 
consist of strong, almost wrinkle-like, lines of growth. As this is an unusual feature among species of 
this genus, we have chosen a specific name that will call attention to it. 

Of previously described species, only L. eugenia Billings, need be compared. That species agrees 
closely in most respects, but eVidently has finer surface markings, while it ditIers decidely in the more 
uniform convexity of the under side of the whorl~. L. helena Billings is farther removed. Two other 
Canadian species, L. numeria Billings sp., and Helicotom.(( larvata Salter, resemble our species, yet may be 
distingUished at once by the umbilicus which is open in them and closed in L. J'ugata. The next species, 

L. mundula, is as closely related as any. 

Formation and locality.-Richmnnd group, Lincoln county, Kentucky. 

Oollection.-E. O. UlriCh. 

LroSPIRA m MUNDULA, n. sp. (Ulrich. 

PLATE LXIX, FIGS. 37-41. 

The average width of this shell, according to twenty specimens, is about 12 mm., the hight about 7 
mm. The largest seen has a width of 15 mm. The species is closely related to L. j'ugata but does not 
attain the size of that shell, has finer lines of growth, a more uniformly rounded base, and relatively 

Lloaplra. aubconcava.l 
GASTROPODA. 999 

LIOSPIRA SUBCONCAVA, n. Sp. (Ulrich.) 

PLATE LXIX, FIGS. 30-3~. 

Average diameter about 20 mm., bnt varying in thirtel,n spN~illlens between the extrewcs of 15 and 
25 mm. The hight, which is about equally divir1ed bctwecn th.> spire anrllJase, cnmpares with the greatest 
width about as six to eleven. On the upper side of the sheil the surface or the whorls is concave, but this 
concavity is produced chiefly by the elevation of t,he two edg('s, the p';l'ipheral one being tbick and the 
sutural one thin and sharp. The umbilicus is filled, the surface of the /llling but slightly concave and its 
outer margin, which inCludes a space with a diameter equalling' s(Jmewhat less than a third of the greatest 
width of the Shell, more or less sharply defined. Th" anteriur outlin(! of the lower lip bows rather strongly 
forward in the outer two-thirds, and always more so than it does in L. pC7'sirnilis. If we add to this that 
the umbilical cavity is mt..cb less depressed, and its filling not nearly so extensive as in that species, we 
have at least three good characters by which ordinarily good specimeus of the two speciel may be 
distinguished. 

Compared with other species we find that tloth L. helencl and L. eugenia of Billings are closely 
related. In the first the hight is relatively greater, the inner lip higher and more nearly vertical and the 
umbilical depression narrower, more abrupt, and mllch deeper. In the second the outer part of the basal 
half of the shell is more nearly vertical, the form uf the aperture more nearly quadrate, and tbe whorls 
"gently convex above near the suture." 

Formation and locality.-Lowest eli vision of the Stones River group, near Murfreesboro, Tennessee. 

Oollection.-E. O. Ulrich. 

LIOSPIRA RUGATA, 11. sp. (Ulrich.) 

PLA TE LXIX, FIGS. 33-36. 

In ten representative specimens the width varies from 14 to 20 mm. The hight equals about 
two-thirds of the width. Volutions four or five, with a thick ridge above along the suture, deeply concave 
between this and the elevated band which is set oblicluely upon th," upper angle of the periphery. The 
latter is vertical, rather wide and unusually well defined below where it passes into the madera tely can vex 
base. Lower and outer portions of peristome bowed strongly forward, and prominent at tbe obscure angle 
of the periphery, above which the outline curves strongly backward towarel the band. Inner lip thick, 
turned outward, excavateel in front, reflected and completely covering the umbilicus. Mouth rounded
pentagonal; shell rather thick. The surface markings are not well preserved. As far as known they 
consist of strong, almost wrinkle-like, lines of growth. As this is an unusual feature among species of 
this genus, we have chosen a specific name that will call attention to it. 

or previously described species, only L. eugenia Billings, need be comparecl. That species agrees 
closely in most respects, but evidently has finer surface markings, while it c1itIers decidely in the more 
uniform convexity of the under side of the whorb. L. helena Billings is farther removed. Two other 
Canadian species, L. numeria Billings sp., and HelicotoJJla laTvata Salter, resemble our species, yet may be 
distinguished at once by the umbilicus which is open in them and closed in L. J'uga/a. The next species, 

L. mundula, is as closely related as any. 

Formation and locality.-Richmond group, Lincoln county, Kentucky. 

Oollection.-E. O. Ulrich. 

LIOSPIRA (~) MUNDULA, n. sp. (Ulrich. 

PLATE LXIX, FIGS, 37-41. 

The average width of this shell, according to twenty specimens, is about 12 mm., the hight about 7 
mm. The largest seen has a width of 15 mm. The species is closely related to L. Tugata but does not 
attain the size of that shell, has finer lines of growth, a more uniformly rounded base, and relatively 
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slllaller and deeper uml)ilic.<tl depression. From Helicotoma latvata Salter, with which it is associated in 
the Black River gTOUp of Canada. it is distinguished by having a more obtuse periphery and the umbilicus 
not only a tritle smaller but also covered entirely by the reflection of the inner lip. In H. larvata. which 
may belong to Lio8pil'u, the umbilicus is open, angularly outlined, and exposes all the whorls. 

Formation uilrllucalily.-Black River group, Pauquettes Rapids, Ottawa River, Canada; lower part 
of Trenton group, Mercer county, Kentucky; uppO!r beds of same near Danville, Kentucky. 

Collection.-E. O. Ulrich. 

LIOSPIRA ANGULATA, n. Sp., (Ulrich.) 

PLATE LXIX. FIGS. 42-46. 

Hight and width respectively as five is to eight or nine. Average width about 15 mm. Width of 
the largest of thirty specimens 17 mm. Whorls slender, about five in number on the upper side, with a 
slightly elevated peripheral edge, concave within this and convex in the inner third. This convexity and 
the raised edge of the whorl next wi thin produces a deeper suture line than in any other species of the genus 
known. Periphery obtuse, nearly vertical beneath the slit-band; base convex to the angular edge of the 
umbilic.us. The latter slopes rapidly without being 1-ertical, exhibits all the whorls within, and as a rule 
makes up about one-third of the width of the shell. Apert ure subpentagonal; anterior outline of lower 
half of peristome not veTY strongly bowed forward, the inner extremity of the upper lip extending slightly 
beyond it. 

This species seellled at first to be the ~ame as L. nll'Yl1eria, described by Billings as a Plew'otomaria 
from divi:;ion G of the Que.bec group of Newfoundland. A second and more careful comparison, however, 
brought out at least one difference upon which to base a separation. Namely, the upper side of the 
whorls is said to be "nearly fiat or gently concave" in L. rwmeria, and Billings' figure (Pal. Foss., vol. I, 

p.2:29, fig. 213a) shows that this concavity extends inward quite to the suture. His description, which 
would almost certainly do so if anything of the kind occurred in the Newfoundland shell, makes no 
mention of a ridge-like c.onvexity in the inner third like that which occurs here in L. angulatct not only on 
the exterior but on casts of the interior as well. 

Formation and localily.-In cherty layers of the Black River group, Mercer county, Kentucky. 

Collection.-E. O. Ulrich. 

Genus EOTOMARIA, n. gen. 

In part Pleurotomaria and R(tphistonw of American authors. 

For generic characters see page 954. 

Restricting Pleurotonwria to species agreeing closely with the original type of 

the genus, P. anglim, we find that it is characterized (1) by a long slit, (2) the supra

peripheral position of the band, (3) the posterior direction of the outer lip beneath 

the band, and (4) the coarsely nodose and longitudinally striated surface of the 

whorls. In Eotomaria there is a notch in the outer lip merely and no slit, one edge 

of the band, the lower, forms the periphery of the whorls, the lines of growth curve 

more or less forward beneath the band and the surface is marked by simple lines of 

growth only. Raphistoma, as we have shown on preceding pages, is a totally 

different type of shell, being without not only slit but a band as well, while the lines 

of growth, which of course indicate the outlines of the lip, follow a simple or double 
sigmoid curve in crossing the flat upper side of the whorls. 
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smaller and deeper ullll)ilieal depression. From Helicotoma la)"vata Salter, with which it is associated in 

the Blae!;: River g'roup of Canada, it is distinguished by having a more obtuse periphery and the umbilicus 

not only a tritle smaller but also covered entirely by the reflection of the inner lip. In H. larvata, which 

may belong to Liospi)'u, the umbilicus is open, angularly outlinecl, and exposes all the whorls. 

Formatioll and luwlily.-BJack River group, Pauquettes Rapids, Ottawa River, Canada; lower part 
of Trenton gl'OUp, Mercer county, Kentucky; uppO!r beds of same near Danville, Kentucky. 

Collection.-E. O. Ulrich. 

LIOSPIRA ANGULATA, n. Sp., (Ulrich.) 

PLATE LXIX, FIGS. 42-46. 

Hight and width respectively as five is to eight or nine. Average width about 15 mm. Width of 

the largest of thirty specimens 17 mm. Whorls slender, about five in number on the upper side, with a 

slightly elevated peripheral edge, coneave within this and convex in the inner third. This convexity and 

the raised edge of the whorl next wi thin produce~ a deeper su ture line than in any other species of the genus 

known. Peripbery obtuse, nearly vertical beneath the slit-band; base convex to the angular edge of the 
umbilicus. The latter slopes rapidly without being 1-ertical, exhibits all the whorls within, and as a rule 

makes up about one-third of the width of the shell. Apert ure subpentagonal; anterior outline of lower 

half of peristome not very strongly bowed forwarcl, the inner extremity of the upper lip extending slightly 

beyond it. 
This speCies seemed at first to be the ~ame as L. nwneria, described by Billings as a Plew'otomaria 

from divi,ion G of the Quebec g-roup of Newfoundland. A second and more careful comparison, however, 

brought out at least one clifference upon whieh to base a separation. Namely, the upper side of the 

whorls is said to be "nearly flat or gently concave" in L. rwmeria, and Billings' figure (Pal. Foss., vol. I, 

p.229, fig. 2I.3a) shows that this concavity extends inward quite to the suture. His description, which 

would almost certainly do so if anything of the kind occurred in the Newfoundland shell, makes no 

mention of a ridge-like eonvexity in the inner third like that which occurs here in L. angulatct not only on 
the exterior but on casts of the interior as well. 

Fonncition awl localily.-In cherty layers of the Black River group, Mercer county, Kentucky. 

Collection.-E. O. Ulrich. 

Genus EOTOMARIA, n. gen. 

In part PleliTotomaria and Rctphistollw of American authors. 

For generic characters see page 954. 

Restricting Pleurotomaria to species agreeing closely with the original type of 

the genus, P. anglim, we find that it is characterized (1) by a long slit, (2) the supra

peripheral position of the band, (3) the posterior direction of the outer lip beneath 

the band, and (4) the coarsely nodose and longitudinally striated surface of the 

whorls. In Eotomaria there is a notch in the outer lip merely and no slit, one edge 

of the band, the lower, forms the periphery of the whorls, the lines of growth curve 

more or less forward beneath the band and the surface is marked by simple lines of 

growth only. Raphistoma, as we have shown on preceding pages, is a totally 

different type of shell, being without not only slit but a band as well, while the lines 

of growth, which of course indicate the outlines of the lip, follow a simple or double 

sigmoid curve in crossing the fiat upper side of the whorls. 
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The true relations of Eotomaria seem to be with Liospira, Euconill, Bemuexia 

and Olathrospira. In Liospira the surface is smoother, the sutures generally much 

less distinct, and the band le1:;s sharply defined, convex instead of concave and turned , 
partly over the peripheral edge instead of being placed entirely upon the upper 

side. Bembexia, which is mostly a Devonian genus, and of which we consider Pl. 

sulcoma1'fJinata Conrad (see accompanying figures) a characteristic species, is 

FIG. 6.-Views of the upper and lower sides of a perfect shell of Bembexia sulcomarginata Conrad sp., 
natural size, showing long apertural slit and other features distinguishing BemiJe,cw from Eotoma'l'ia. The 
specimen is from the Hamilton group of New York, and now in the collection of E. O. Ulrich. For 
description and remarks on Bemuexia see pages 954 and 955. 

probably a direct descendant of Eotomaria and chiefly distinguished by its long 

apertural slit. Clathrospira hets the band directly upon the periphery and a 

cancellated surface. Euconia, whose relations to Eotomaria perhaps are more 

apparent than real, has a more strictly conical form, more numerous whorls and a 

flattened base, while the anterior outline of the under lip is straight excepting in its 

extreme outer part where it turns slightly backward before it reaches the lower edge 

of the band. 

We believe Eotomaria was derived from Liospira. Although the actual 

connecting links are unknown, we can, after a comparison of known species, readily 

imagine the modifications required to produce the main distinguishing feature of 

Eotomaria, viz.: a concave band lying entirely upon the sloping upper side of the 

volutions instead of a convex band lying upon the peripheral edge, and partly visible 

in a view of the base. In the most typical species of Liospira no part of the band 

can be described as concave and both margins are very distinctly defined. In L. 

abrupta Ulrich, however, the upper border of the band is better defined and an 

appreciable concavity lies between it and the extreme periphery of the whorl. In 

L. decipiens Ulrich, which might easily be mistaken for an Eotornaria, the band is 

sharply marked and its upper part decidedly concave, while only a small portion 01 

the band turns over the peripheral edge. After reaching this stage but a small step 

remains to bring us quite within the limits of Eotomaria. Nothing more was 

required than to continue the upward movement of the band until its lower 

boundary coincided with the peripheral edge of the whorls. 
To give a just idea of this new generic group we have illustrated all of the 

six species which we are reasonably satisfied belong here. All belong to the 

Eotomada.] 
GASTROPODA. 1001 

The true relations of Eotomaria seem to be with Liospira, Euconirt, Bemuexia 

and Clathrospira. In Liospira the surface is smoother, the sutures generally much 

less distinct, and the band leBs sharply defined, convex instead of concave and turned , 
partly over the peripheral edge instead of being placed entirely upon the upper 

side. Bembexia, which is mostly a Devonian genus, and of which we consider Pl. 

sulcomat'ginata Conrad (see accompanying figures) a characteristic speCIes, IS 

FIG. 6.-Views of the upper aildlower sides of a perfect shell of Bembexia sulcomw'ginata Conrad sp., 
natural size, showing long apertural slit and other features distinguishing Bernbe:cw from Eotoma'tia. The 
specimen is from the Hamilton group of New York, and now in the collection of E. O. Ulrich. For 
description and remarks on Bemuexia see pages 954 and 955. 

probably a direct descendant of Eotomaria and chiefly distinguished by its long 

apertural slit. Clathrospira has the band directly upon the periphery and a 

cancellated surface. Euconia, whose relations to Eotomaria perhaps are more 

apparent than real, has a more strictly conical form, more numerous whorls and a 

flattened base, while the anterior outline of the under lip is straight excepting in its 

extreme outer part where it turns slightly backward before it reaches the lower edge 

of the band. 

We believe Eotomaria was derived from Liospira. Although the actual 

connecting links are unknown, we can, after a comparison of known species, readily 

imagine the modifications required to produce the main distinguishing feature of 

Eotomaria, viz.: a concave band lying entirely upon the sloping upper side of the 

volutions instead of a convex band lying upon the peripheral edge, and partly visible 

in a view of the base. In the most typical species of Liospira no part of the band 

can be described as concave and both margins are very distinctly defined. In L. 

abrupta Ulrich, however, the upper border of the band is better defined and an 

appreciable concavity lies between it and the extreme periphery of the whorl. In 

L. decipiens Ulricb, which might easily be mistaken for an Eotomar-ia, the band is 

sbarply marked and its upper part decidedly concave, while only a small portion ot 

the band turns over the peripheral edge. After reaching this stage but a small step 

remains to bring us quite within the limits of Eotomaria. Nothing more was 

required than to continue the upward movement of the band until its lower 

boundary coincided with the peripheral edge of the whorls. 
To give a just idea of this new generic group we have illustrated all of the 

six species which we are reasonably satisfied belong here. All belong to the 
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age of the Trenton period, and three occur in Minnesota, while the others are 

so far known only from localities in Tennessee.* These species exhibit considerable 

variety in the form of the lower lip. In E. vicina U. and S., and E. dryope Billings 

sp., the outline of this portion of the apertural margin is comparatively straight, the 

outer ha1f being les8 curved and produced than in E. canalifera Ulrich, and very 

much less than in E. supracingulata Billings sp. The last species reminds one very 

strongly of the L. mundula section of Liospira. At first we believed that the several· 

species which group themselves about L. mundula, together with E. supracingulata, 

should be viewed as a distinct genus. A reconsideration, however, seemed to show 

that such a course would scarcely be justifiable at present, first, because the mundula 

group is closely connected with the more typical species of Liospira by L. progne 

Billings and L. subconcava Ulrich, and second, because the species supracingulata 

differs decidedly from the others in having a concave band. The latter reason 

decided the question, since, with our present knowledge, we cannot admit that 

concave-banded species are congeneric with convex-banded forms. For further 

remarks on the L. mundula group of species see page 994. 

EOTOMARIA CANALIFERA, n. sp. (Ulrich.) 

PLATE LXIX, FIGS. 9-14. 

Width 15 to 30 mm.; hight about two-tbirds of tbe width, in young examples relatively greater 
than in old; apical angle 80° to ~5° for the first three or four whorls, the following wborls spread
ing more rapidly and in some cases bringing tbe angle of tbe entire sbell to 1000 ; volutions five to six and 
a balf in number. 

Shell subconical, moderately convex below, witb a very small umbilicus and distinct yet not deep 
sutures. Band concave, sbarply defined, channel·like, its outer border slightly overhanging tbe suture 
and forming tbe sharply angular periphery of tbe whorls, the inner border strongly defined, elevated, its 
prominence increasiDg witb tbe growth of the shell. Tbe contour of tbe upper surface of tbe wborls 
changes considerably witb growth. The apical whorl has not been observed, but the second and third 
are nearly fiat and the fourth very gently convex, while in the fifth and succeeding turns a furrow just 
within the band gradually widens and deepens until at least two-thirds of the space between the band 
and suture is distinctly concave. (The sppcimens illustrated on plate LXIX are not sufficiently devel
oped to show the last of these changes satisfactorily). Aperture subrhomboidal, a little wider than high; 
inner lip oblique, not yery thick. Lines of growth rather unequal, never strong, very fine on the upper 
turns. On the upper surface they are ,trongly recurved, indicating a deep notch in the aperture. Beneath 
the periphery they first curv,: forward but soon, and ratber abruptly, turn backward and finally forward 
again as they descend into the umbilicus. Lunul::e c)f band very delicate, rarely preserved. 

Formation unc7 loccdity.-Stones Ri ver group (" Central limestone ") near Murfreesboro, Tennessee. 

Colleclions.-Prof. J. M. Safford; E. O. Ulricb. 

* We Sllspect. tbat two or three other species described by Billings and Ball will prove to belong to Eotomaria, hut as 
our elforts to see lhe original types have failed, and as the published descriptions and illustrations are too indefinfte to 
aC]",lt of certainty. we have thougbt it best to postpone their consideration. 
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age of the Trenton period, and three occur in Minnesota., while the others are 

so far known only from localities in Tennessee.* These species exhibit considerable 

variety in the form of the lower lip. In E. vicina U. and S., and E. dryope Billings 

sp., the outline of this portion of the apertural margin is comparatively straight, the 

outer haH being less curved and produced than in E. canalifera Ulrich, and very 

much less than in E. supracingulata Billings sp. The last species reminds one very 

strongly of the L. mnndula section of Liospira. At first we believed that the several, 

species which group themselves about L. mundula, together with E. supracingulata, 

should be viewed as a distinct genus. A reconsideration, however, seemed to show 

that such a course would searcely be justifiable at present, first, because the mundula 

group is closely connected with the more typical species of Liospira by L. progne 

Billings and L. subconcava Ulrich, and second, because the species supracingnlata 

differs decidedly from the others in having a concave band. The latter reason 

decided the question, since, with our present knowledge, we cannot admit that 

concave-banded species are congeneric with convex-banded forms. For further 

remarks on the L. mlmdula group of species see page 994. 

EOTOMARIA CANALIFERA, n. sp. (Ulrich.) 

PLATE LXIX, FIGS. 9-14. 

Width 15 to 30 mm.; bight about two-tbirds of tbe width, in young examples relatively greater 
than in old; apical angle 80° to Hiio for the first three or four whorls, the following whorls spread
ing more rapidly and in some caSt'S bringing the angle of the entire shell to 1000

; volutions five to six and 
a half in number. 

Shell subconical, moderately conv"x below, with a very small umbilicus and distinct yet not deep 
sutures. Band concave, sharply defined, channel-like, its outer border slightly overhanging the suture 
and forming the sharply angular periphery of the whorls, the inner border strongly defined, elevated, its 
prominence increaSing with the growth of the shell. The contour of tbe upper surface of tbe whorls 
cbanges conSiderably with growth. The apical whorl has not been observed, but the second and third 
are nearly fiat and tbe fourth very gently convex, wbile in the fifth and succeeding turns a furrow just 
within the band gradually widens and deepens until at least two-thirds of the space between the band 
and suture is distinctly concave. (The spt'cimens illustrated on plate LXIX are not sufficiently devel
oped to show the last of these changes satisfactorily). Aperture subrhomboidal, a little wider than high; 
inner lip oblitjue, not very thick. Lines of growth ratber unequal, never strong, very fine on tbe upper 
turns. On tbe upper surface they are &trongly recurved, indicating a deep notch in the aperture. Beneath 
the peripbery they first CUfVt.' forward but soon, and ratber abruptly, turn backward and finally forward 
again as they descend into the umbilicus. Lunulffi ()f band very delicate, rarely preserved_ 

Formation ancI localitY.-Stones Ri ver grouD (" Central limestone ") near Murfreesboro, Tennessee. 

Colleclions.-Prof. J. M. Safford; E. 0, Ulricb. 

* We suspect tbat t\\'o or three other species descrilJed by Billings and Hall will prove to belong to Eotomaria, but as 
our elTorts to see the original types have failed, and as the published descriptions and illustrations are too indefini'te to 
>1d"tlt of cert;Linty, we Itav~ tLonght it best to postpone their consideration. 



Eotomaria laMosa.] 
GASTROPODA. 1003 

EOTOMARIA LABIOSA, n. sp. (Ulrich.) 

PLATE LXIX. FIGS. 15-17. 

Width about 24 mm., hight about 20 mm.; apieal anglt· 90°; vulutions fuur and a half or fi ve. 
This species is associated with, and in most res peets greatly resemble.~, E. canalijera. Carr"fully 

compared, however, several minor differences, as well as one that must be regarded ag important, will 
soon convince the observer that the two forms are less elosely relatt'd than the first sliperfieial glanee may 
lead one to suppose. The principal difference lies in the relative development of the inner lip. This is 
somewhat excavated and much stronger in E. la/)iosa, while the lower border also is expanded in a way 
that has not been observed in E. canalijem. Among other difIcrences we may mention that the upper 
sloping surface of the whorls is on the whole flatter, the band le~s sharply defined, the surface markings 
more obscure, the base more ventricose, and the umbilical perforation even smaller than in that species. 

FOl'mationancl locality.-Lower division of the Stones River group, Murfreesboro, Tennessee. 

OoUection.-E. O. Ulrich. 

EOTOMARIA VICINA, n. Sp. 

PLATE LXIX, FIGS. 18-20. 

Shell rather small, 14 to 20 mm. wide, 10 to ]4 mm. high, depressed conical above the angular 
periphery, moderately ventricose beneath; apical angle 97° in one specimen, 107° in another. 
Volutions four, the upper sloping surface nearly flat, the lailt a little convex above near the slightly 
impressed suture line. Band only moderately distinct, apparently more nearly vertical than usual for 
the genus, Umbilicus equalling nearly a fourth of the width of the Shell, the convex base turning rather 
abruptly into it.* Lines of growth showing obscurely on casts of the interior, rather strongly defined 
exteriorly, particularly upon the under side. On the upper slope they curve strongly backward from the 
suture to the band, on tbe lower surface very slightly forward. 

The umbilicus is larger and the anterior outline of the lower lip less curved than in either of the 
preceding' species. In both of these features it agrees with E. clryope Billings sp., with which it is also 
found associated in Minnesota, but the relative flatness of the upper slope of the whorls distinguishes it 

readily from that species. 

Formation artcl locality.-Stones River group, Minneapolis, Minnesota, and Mineral Point. Wisconsin. 

Oollections.-Geological and Natural History Survey of Minnesota: E. O. Ulrich. 

Museum Register, No. 5106. 

EOTOMARIA DRYOPE Billings. 

PLATE LXIX, FIGS. 21-25. 

Pleurotoma)'ict dryope BILLINGS, 1865, Pal. Foss., vol. ], p. 170. 

This well-marked species differs from E. vicina in the contour of the upper side of the whorls, the 
outer two-thirds or three-fourths of the slope being decidedly concave, the remaining fourth next the 

suture convex. In other respects the two species agree very closely. 
Although the surface markings in our specimens are not as regular as in Billings'. figures, the 

resemblances in all other particulars are so exact that we cannot doubt, for a moment that they are spe 
cifically identical with the Canadian types. We notice a slight ditl'erence between the specimens obtained 
from the Stones Ri ver group and those from the Black River limestone. In the latter the apieal angle is 
not so wide, being about 100°, while the whorl next to the last is, as described by Billings, ., slightly 

*In the reproduction of figure 20 on plate LXIX some of the shading failed to "come uP." causing the umbilicus to 
appearna.rrower than it is in the specimen. 

Eotomaria labiosa.] 
GASTROPODA. 1003 

EOTOMARIA LABIOSA, n. sp. (Ulrich.) 

PLATE LXIX. FIUS. 15-17. 

Width about 24 mm., hight about 20 mm.; apical angl.· 900
; vulutions fuur and a hal[ or fi ve. 

This species is associated with, and in most respec.t,~ greatly resemble,~, E. cflmalijel'a. Carefully 
compared, however, several minor differences, as well as one that must be rcgarded ag important, will 
soon convince the observer that the two forms are l~ss closely relat.·([ than the first superficial glance may 
lead one to suppose, The principal difference lies in the relative development of the inner lip. This is 
somewhat excavated and much stronger in E. la/Jiosa, while thc lower border also is expanded in a way 
that has not been observed in E. canalijem. Among other (litrerences we lUay mention that the upper 
sloping surface of the whorls is on the whole flatter, the band less sharply defined, the surface markings 
more obscure, the base more ventricose, and the umbilical perforation even smaller than in that species. 

FVl'mationanel locality.-Lower division uf the Stones River group, Murfreesboro, Tenne~see. 

Collection.-E. O. Ulrich. 

EOTOMARIA VICINA, n. sp. 

PLATE LXIX, FIG". 18-20. 

Shell rather small, 14 to 20 mm. wide, 10 to 14 mm. high, depressed conical above the angular 
periphery, llvderately ventricose beneath; apical angle (n° in one specimen, 107° in another. 
Volutions four, the upper sloping surface nearly flat, the laat a little convex above near the slightly 
impressed suture line. Band only moderately distinct, apparently more nearly vertical than usual for 
the genus. UmbiliCUS equalling nearly a fourth of the width of the shell, the convex basc turning rather 
abruptly into it.* Lines of growth showing obscurely on casts of the interior, rather strong-ly defined 
exteriorly, particularly upon the under side. On the upper slope they curve strongly backward from the 
suture to the band, on the lower surface very slightly forward. 

The umbilicus is larger and the anterior outline of the lower lip less curved than in either of the 
preceding' species. In both of these features it agrees with E. c17-yope Billings sp., with which it is also 
found associated in Minnesota, but the relati ve flatness of the upper slope of the whorls distinguishes it 
readily from that species. 

FOTmation ariel locality.-Stones River group, Minneapolis, Minnesota, and Mineral Puint, Wisconsin. 

Collections.-Geological and Natural History Survey of Minnesota: E. O. Ulrich. 

Museum RegisteT, No. 5106. 

EOTOMARIA DRYOPE Billings. 

PLATE LXIX, FIGS. 21-25. 

PleuTotomcttict elryope BILLINGS, 1865, Pal. Foss., vol. 1, p. 170. 

This well-marked species differs from E. vicina in the contour of the upper side of the whorls, the 
outer two-thirds or three-fourths of the slope being decidedly concave, the remaining fourth next the 
suture convex. In other respects the two species agree very closely. 

Although t,he surface markings in our specimens are noL as regular as in I3illings·. figures, the 
resemblances in all other particulars are so exact that we cannot doubt, for a mmnent, that they are 81'C 

cifically identical with the Canadian types. We notice a slight difference between the specimens obtained 
from the Stones River group and those from the Black River limestone. In the latter the apical angle is 
not so wide, being about 100°, while the whorl next to the last is, as described by Billings, C'slightly 

*In the reproduction of figure 20 on plate LXIX some of the shading failed to "come up," causing tlle umbilicus to 
appear narrower than it is In the specimen. 
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turret,ted." In the Stones River specimens the last feature is not apparent and the spire is more 
depressed, giving an apical angle of about 110°. 

Formation anel locality.-,stones River group, Vanuxemia bed, Minneapolis and Cannon Falls, Min
nesota. Black River group, Maury county, Tennessee. 

Collections.-Prof. J. M. Safford; E. O. Ulrich. 

EOTOMARIA SUPRACINGULATA Billings. 

PLATE LXIX. FIGS. 26-29. 

Plem'otomo.1'ia Sllp1'acingulata BILLINGS, 1857, Rep. of Progr., Geol. Sur. Can., p. 302; 1863, Geology of 
Canada, p. 181, fig. li5. 

Pleurotomaria nasoni HALL, 1861, Geol. Rep. Wis., p. 34; WHITFIELD, 1895, Mem. Amer. Mus. Nat. 
Hist., vol. i, pt. 2, p. 61, pI. VIII, figs. 4-7. 

Ro.phistoma nasoni WHITFIELD, 1883, Geol. of Wis., vol. iv, p. 215, pI. VI, figs. 2-3. 
Raphistoma nasoni WALCOTT, 1884, Pal. Eureka District, p, 78, pI. XI, figs. 21, 210.. 

Original elescription,-" Obtusely conical or lenticular, apical angle 105°; hight about two-thi,rds tile 
width; whorls four, angulated and keeled on their upper outer margin, their sides vertical, their upper 
surfaces gently convex from the distinct suture half-way to tbe margin, and then scarcely concave to the 
spiral band; lower side of i.,ody-whorl convex; the spiral band narrow, and lying wholly on the upper 
side of the whorl, where it forms a border along the margin following all the whorls to the apex; umbili
cus large; width one inch and a quarter; hight ten lines; width of umbilicus at center of body-whorl 
three lines and a half; width of band on last whorl about halt a line." 

To the above we may add that the lines of growth are generally not strongly marked, and when 
they are distinct it is only on the lower side of the last whorl of old shells. On the best specimens tbey 
consist of obscure undulations, from 1 to 2 mm. apart, with four or five very fine lines between any two 
undulations, all curving backward on the upper side in tlie usual manner and degree. Beneath the 
band, however, the lines make a sharper and longflr sweep forward than in any pleurotomaroid shell 
known to us. Just before reaching a point midway between the band and the obtuse edge of the umbili
cus they begin an almost equally strong backward curve, which in turn is overcome as they enter the 
umbilical depression on the sides of which they bend once more, this time gently forward. In accordance 
with the lines of growth, the aperture is very deeply notched and the outer lip greatly produced, the most 
prominent point on its narrowly rounded anterior outline extending slightly beyond the sutural extremity 
of the upper lip, while the lower lip is broadly and rather deeply sinuate. These features of the aperture 
are shown in our figures 27 and 29 on plate LXIX. The band is sharply defined and concave on the 
exterior of the shell, rounded or obscurely flattened on casts of the interior. The outer side of the whorls 
is never quite vertical, nor is the band horizontal. The latter slopes with the spire. The largest speci
men seen is 43 mm. wide and about 27 mm. high. 

Tbat Plw)'otomeo-ic( 1l(tsoni Hall is a synonym for Pl. sup1'acingulo.ta Billings is so obvious that we 
cannot understand why the fact was not discovered years ago. Perhaps it is because one was described 
from a testiferous specimen, while the other was founded on casts of the interior. Another thing that 
we cannot understand is bow Prof, Wbitfleld can say that" this shell appears to possess all the features 
requisite for a true Ro.phistoma." So far as we can see it has not one of the essenti&.l characters of tbat 
genus. Tbere is some reason for calling the species a Plew'otomo.ria, but none that we can discover for 
placing it with Raphistomo.. Excepting the unusual prolongation of the outer lip, and this is not an 
insuperable objection, every feature conforms strictly with our genus Eotoma1'ia. 

Formation anel locality.-Stones River group, Dixon, Illinois; Mineral Point and Beloit, Wisconsin. 
Black Ri ver group (Upper Buff limestone), Beloit and Janesville, Wisconsin; Rockton and Dixon, Illinois; 
St .• Joseph island, lake Huron. According to F. W. Sardeson this species occurs in the Vanuxemia'bed 
at Minneapolis. 

CollectioHs.-Geological and Natural History Survey of MInnesota; E. O. Ulrich. 

lfIllseunl Registe1', No. 7296. 
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turret-ted." In the Stones River specimens the last feature is not apparent and the spire is more 

depressed, giving an apical ang-Ie of about 110°. 

Formation allcl locCllity.~Stones River group, Vanuxemia bed, Minneapolis and Cannon Falls, Min
nesota. Black River group, Maury county, Tennessee. 

Collections.-Prof. J. M. Safford; E. O. Ulrich. 

EOTOMARIA SUPRACINGULATA Billings. 

PLATE LXIX. FIGS. 25-20. 

Plew'otomaria sllpmcinglliata BILLINGS, 1857, Rep. of Progr., Geol. Sur. Can., p. 302; 1863, Geology of 
Canad a, p. 181, fig. 175. 

Pl€ll'f'otomaTia nasoni HALL, 1861, Genl. Rep. Wis., p. 34; WHITFIELD, 1895, Mem. Amer. Mus. Nat. 
Rist., vol. i, pt. 2, p. 61, pI. VIII, figs. 4-7. 

Raphistorna nasoni WHITFIELD, 1883, Geol. of Wis., vol. iv, p. 215, pl. VI, figs. 2-3. 
Raphistoma nasoni WALCOTT, 1884, Pal. Eureka District, p. 78, pl. xr, figs. 21, 21a. 

Original clescription.-" Obtusely conical or lenticular, apical angle 105°; hight about two-thirds tbe 
width; whorls four, angulated and keeled on their upper outer margin, their sides vertical, their upper 
surfaces gently convex from the distinct suture half-way to tbe margin, and then scarcely concave to the 
spiral band; lower side of i.,ody-whorl convex; the spiral band narrow, and lying wholly on the upper 
side of the whorl, where it forms a border along the margin following all the whorls to the apex; umbili
cus large; width one inch and a quarter; hight ten lines; width of umbilicus at center of body-wborl 
tbree 1ines and a half; width of band on last whorl about hair a line." 

To the above we may add that the lines of growth are generally not strongly marked, and when 
they are distinct it is only on the lower side of the last whorl of old shells. On the best specimens they 
consist of obscure undulations, from 1 to 2 mill. apart, witb four or five very fine lines between any two 
undulations, all curving backward on the upper side in the usual manner and degree. Beneath tbe 
band, however, the lines make a sharper and longer sweep forward than in any pleurotomaroid shell 
known to us. Just before reaching a point midway between the band and the obtuse edge of the umbili
cus they begin an almost equally strong backward curve, which in turn is overcome as they enter the 
umbilical depression on the sides of which they bend once more, this time gently forward. In accordance 
with the lines of growth, the aperture is very deeply notched and the outer lip greatly produced, the most 
prominent poin t on its narrowly rounded anterior outline extending slightly beyond the sutural extremity 
of the upper lip, while the lower lip is broadly and rather deeply sinuate. These features of the aperture 
are shown in our figures 27 and 29 on plate LXIX. The band is sharply defined and concave on the 
exterior of the shell, rounded or obscurely flattened on casts of the interior. The outer side of the whorls 
is never quite vertical, nor is the band horizontal. The latter slopes with the spire. The largest speci
men seen is 4:3 mm. wide and about 27 mm. high. 

That PlellJ'Ot01Jlct1'i(( nosoni Hall is a synonym for Pl. sllp1'ctcingulata Billings is so obvious tbat we 
cannot understand why the fact was not discovered years ago. Perhaps it is because one was described 
from a testiferous specimen, while the other was founded on casts of the interior. Another thing that 
we cannot understand is how Prof. Whittleld can say that" this shell appears to possess all the features 
requisite for a true RCLphistoma." So far as we can see it has not one of the essential characters of that 
genus. There is some reason for calling the species a Pleu1'otoma1'ia, but none that we can discover for 
placing it with Raphistoma. Excepting the unusual prolongation of the outer lip, and this is not an 
insuperable ohjection, every feature conforms strictly with our genus Eotoma1'ia. 

FO),lllrtlion wlCI /oeaZity.-Stones River group, Dixon, Illinois; Mineral Point and Beloit, Wisconsin. 
Bl<1ck lli \'er grollp CLTpper Buff limestone), Beloi t and JaneSVille, Wisconsin; Rockton and Dixon, Illinois; 
St .. Toseph isldnd, lake Huron. According to F. W. Sardeson this species occurs in the Vanuxemia'bed 
at l\Iinne<1polis. 

Collectio}(s.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

J1IIlswm Register, No. 7296. 



GASTROPODA. 1005 
Eotomaria elevata.J 

EOTOMARIA ELEVATA, n. sp. (Ulrich.) 

PLATE LXX, FlGS. 68·69. 

Shell resembling Lophospira; width 15 mm.; hight about 20 mm.; hight of apertnre about 12 mm. 
apical angle 74°; volutions four or five, the last comprising much the greater part of the shell, slightly; 
turretted, the upper slop::! nearly fiat; band slightly concave, the outer border forming- the angular 
periphery. of the whorls, the inner border consisting of a sharply elevated thin line; band very wide, occupy
ing nearly two-fifths of the sloping space between the periphery and suture; base large, its surface moder
ately convex, with a slightly concave band a short distance beneath the periphery; aperture obliquely sub
quadrate or subtriangular, narrow below, the hight greater by a fifth or a sixth than the width; columellar 
lip thick, reflexed, almost entirely covering the minute umbilicus: surface marked distinctly though 
rather irregularly with lines of growth, strongly recurved above, more gently below; lunulm of band uni
formly curved, unequal, ocoasionally strong. 

The fact that the band is placed wholly above instead of on the periphery of the whorls, distin
guishes this peculiar shell at once from Lophospira, several species of which it resembles in form. The 
great width of the band may suggest relations to Omospira, but the uniform (,.ulvature of the lunulre 
proves that the species belongs to the Plelll'oto'Ynariidre and not to the Raphistomidre. In placing the 
species under Eotomaria we have been guided principally by the position of the band. 

Formation and locality.-Upper part of the Trenton group, Hartsville, Tennessee. 

Oollection.-E. O. Ulrich. 

Genus CLA THROSPIRA, n, gen. 

PleU1'otomaria (part.) of numerous Americ!Ln and European authors. 

For generic characters see page 954. 

In this genus we propose to include subconical or turbinate shells differing from 

Eotomaria in having a delicate cancellated surface sculpture and the band, which is 

of the concave type, placed vertically and directly upon the periphery of the whorls 

The outer lip is merely notched, not slit as in Pleurotomaria and similar genera 

The group is represented by at least three species, two of them new, in Lower 

Silurian strata of America, and by four-possibly six-European species that Lind

strom has described from the Upper Silurian rocks of the island of Gotland, under 

the following names: Pleurotomaria claustrata, P. glandiJormis, P. hindei, p, latezonata, 

P. gradata and P. scutulata. The last two of these six species, though agreeing in 

most respects very well with Pl. subconica Hall, the type of the proposed genus, are 

peculiar in having a pair of thin elevated lines just above the center of the slit-band. 

The significance of these lines is not clear at present, but we suspect that they 

represent homologically the median line of the band of Lophospira bicincta, and if 

that is a fact, then the species in question cannot belong to Clathrospim, for this 

genus and Lophospira are widely disti nct genetically. 

As ne~r as we could learn, all of these Gotland species agree with the American 

species in having no slit. A.lI differ, however, in having the anteriorly curved 

portion: of the lines of growth just beneath the band much shorter and the anterior 

outline of the lower lip, as seen in a view of the base, much straighter. But this 

GASTROPODA. 1005 
Eotomaria elevata.J 

EOTOMARIA ELEVATA, n. sp. (Ulrich.) 

PLATE LXX, FIGS. (18-60. 

Shell resembling Lophospi7'Cl; width 15 mm,; hight about 20 mm,; hight of apertnre about 12 mm. 
apical angle 74°; volutions four or five, the last comprising much the gncater part of the shell, slightly; 
turretted, the upper slop3 nearly fiat; band slightly concave, the, outer border forrlling the angular 
periphery of the whorls, the inner border consisting nf a sharply elevated thi n line; band very wide, ()ccupy
ing nearly two-fifths of the sloping space between the periphery and suture; base large, its surfaee moder
ately convex, with a slightly concave band a short c1istaneo beneath the periphery; aperture obli(lUely sub
quadrate or subtriangular, narrow below, the hight greater by a flfth or a sixth than the width; columellar 
lip thick, reflexed, almost entirely covering the minute umbilicus: surface markNI distinctly though 
rather irregularly with lines of growth, stro ngly recurved above, more gently below; lunulm of band uni
formly curved, unequal, occasionally strong. 

The fact that the band is placed wholly above insteacl of on the periphery of the whorls, distin
guishes this peculiar shell at once from Lopilospira, several species of which it resembles in form. The 
great width of the band may suggest relations to Omospira, but the uniform ("Ulvature of the lunulm 
proves that the species belongs to the Pleuroto11!((j'iicZce and not to the Raphistomic(o;. In placing the 
species under Eotomaria we have been guided principally by the position of the banc1. 

Formation and locality.-Upper part of the Trenton group, Hartsville, Tennessee. 

Collection.-E. 0, Ulrich. 

Genus CLA THROSPIRA, n. gen. 

Pleu1'Otoma1'ia (part.) of numerous Americ'Ln and European authors. 

For generic characters see page 954. 

In this genus we propose to include subconical or turbinate shells differing from 

Eotomaria in having a delicate cancellated surface sculpture and the band, which is 

of the concave type, placed vertically and directly upon the periphery of the whorls 

The outer lip is merely notched, not slit as in Pleurotomaria and similar genera 

The group is represented by at least three species, two of them new, in Lower 

Silurian strata of America, and by four-possibly six-European species that Lind

strom has described from the Upper Silurian rocks of the island of Gotland, under 

the following names: Pleurotomaria claustmta, P. gland1/o1'1nis, P. hindei, P. latezonata, 

P. gradata and P. scutulata. The last two of these six species, though agreeing in 

most respects very well with Pl. subconica Hall, the type of the proposed genus, are 

peculiar in having a pair of thin elevated lines just above the center of the slit-band. 

The significance of these lines is not clear at present, but we suspect that they 

represent homologically the median line of the band of Lophospira bicincta, and if 

that is a fact, then the species in question cannot belong to Clathrospira, for this 

genus and Lophospira are widely distinct genetically. 

As ne~r as we could learn, all of these Gotland species agree with the American 

species in having no slit. A.lI differ, however, in having the anteriorly curved 

portion: of the lines of growth just beneath the band much shorter and the anterior 

outline of the lower lip, as seen in a view of the base, much straighter. But this 
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modification IS m accordance with a tendency that has been followed almost 

generally in the development of the whole family. As a rule it appears to have 

preceded the development of the apertural slit. 

At present we regard Clathrospira as the stock from which the Devoniang-roup 

of species that includes Pleurofomaria lucina, P. hebe, P. itys, P. filitexta and P. ella 

(all described by Hall) was derived. The aperture in all of these species, so far as 

known, is without a slit, and the surface cancellated. Taken as a group, their 

whorls are more rounded than in their supposed Lower Silurian ancestors, but this 

difference, provided that our information concerning the remaining characters is 

reliable, would be no serious objection to classing them as congeneric with Clathro

spira sllbconica. Still, we cannot be too cautious in matters of this kind, and we 

wish to be understood as merely suggesting and not as proposing the transference 

of these Devonian species to Clathrospim. If the old genus Pleurotomaria is to be 

successfully broken up according to the principles of ontogenetic classification, we 

must be reasonably sure of our ground before making sweeping cha,nges in nomen

clature. For other remarks on these Devonian shells see page 956. 

CLATHROSPIRA SUBCONICA Hall. 

PLATE LXIX, tnGs. 47-50; PLA.TE LXX, ~'lGs. 5-6 

Plel£l'otomu,'fia ~lIbcollica HALL, 1817, Pal. New York, vol, i, pp. 174 and 304; WHITFIELD,1883, Geol. 
of Wis., vol. iv, p. 216. 

Shell with a short conical spire, consisting, when fully grown, of six and a half or seven volutions, 
of which the two at the apex are usually broken away; greatest width and hight nearly equal, varying 
generally between 25 and 30 mm., but attaining occasionally a width of over 40 mm.; apical angle 
70° to 80°, rJUt in four specimens out of every five the variation is only about one degree either 
way from 74°. Volutions flattened above in the direction of the slope of. the spire, the inner 
half of the slope gently convex, the outer half correspondingly, or more strongly concave; convex 
portion of slope just touching or failing to reach a line drawn from periphery to periphery of 
succeeding whorls; under side of whorls rounded, occasionally very slightly concave near the periph~ry, 
this condition appearing, however, only in specimens in which the band is unusually prominent, 
umbilical depression small, terminating generally in a minute axial perforation. Band prominent, 
sharply ddined, rathn wide, concave, nearly vertical, situated on the periphery of the last volution, and 
lying immediately above the suture line on t.he upper whorls. Aperture subquadrate, outer lip broadly 
notched; columellar lip not very strong, thin, folding about the small umbilical perforation. Surface 
sculpture beautifully cancellated, consisting of two sets of flne, subequal, thread-like lines, one revolving, 
the other running parallel with the margin of the aperture. The transverse lines, of which three to five 
occur in the space of 1 mm., are recurved as usual on the upper side and quite as much on the lower side. 
A t intervals, sometimes quite regular, many specimens exhibit more or less distinct undulations of 
growth, in some examples little more than a millimeter apart, in others two, three, or four millimeters. 
Cono;iclerar)le variety as regards otrength and arrangement of the lines forming the surface sculpture may 
be observerl in specimens from different localities. As a rule the revolving lines are strongest on the basal 
portions of the shell, and in some of the specimens from the "Glade limestone" of Tennessee they appear 
to be wanting entirely on tlw upper side. In the lattGr cases the transverse lines are stronger than usual 
In all the specimens from the Stones River group of Illinois, Wisconsin and Minnesota that retain the 
markings, the two sets of lines are almost equally developed, and on the whole finer than on the Tennessee 
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modification IS m accordance with a tendency that has been followed almost 

generally in the development of the whole family. As a rule it appears to have 

preceded the development of the apertural slit. 

At present we regard Clathrospira as the stock from which the Devoniang-roup 

of species that includes Pleurofomaria lucina, P. hebe, P. itys, P. filitexta and P. ella 

(all described by Hall) was derived. The aperture in all of these species, so far as 

known, is without a slit, and the surface cancellated. Taken as a group, their 

whorls are more rounded than in their supposed Lower Silurian ancestors, but this 

difference, provided that our information concerning the remaining characters is 

reliable, would be no serious objection to classing them as congeneric with Clathro

spira subconica. Still, we cannot be too cautious in matters of this kind, and we 

wish to be understood as merely suggesting and not as proposing the transference 

of these Devonian species to Clathrospim. If the old genus Pleurotomaria is to be 

successfully broken up according to the principles of ontogenetic classification, we 

must be reasonably sure of OUf ground before making sweeping cha,nges in nomen

clature. For other remarks on these Devonian shells see page 956. 

CLATHROSPIRA SUBCONICA Hall. 

PL,\TE LX]X, ~'LGS. 47-50; PLATE LXX, J<'lGS. 5-6 

Pleul'Otomoxia sulJConiw HALL, ISn, Pal. New York, vol, i, pp. 174 and 304; WHITFIELD, 1883, Geol. 
of Wis., vol. iv, p. 216. 

Shell with a short conical spire, consisting, when fully grown, of six and a half or seven volutions, 
of which the two at the apex are usually broken away; greatest width and hight nearly equal, varying 
generally between 25 and 30 mm., but attaining occasionally a width of over 40 mm.; apical angle 
70° to 80°, but in four specimens out of every five the variation is only about one degree either 
way from 14°. Volutions flatteni'd above in the direction of the slope of. the spire, the inner 
half of the slope gently convex, the outer half correspondingly, or more strongly concave; convex 
portion of slope just touching or failing to reach a line drawn from periphery to periphery of 
succeeding whorls; under side of whorls rounded, occaSionally very slightly concave near the periphe.ry, 
this condition appearing, however, only in specimens in which the band is unusually prominent, 
umbilical depression small, terminating generally in a minute axial perforation. Band prominent, 
sharply dt'fined, ratht'r wide, concave, nearly vertical, situated on the periphery of the last volution, and 
lying immediately al)ovC' the suture line on t,he upper whorls. Aperture subquadrate, outer lip broadly 
notched; columellar lip not very strong, thin, folding about the small umbilical perforation. Surface 
swlpture beautifully cancellated, consisting of two sets of fine, subequal, thread-like lines, one revolving, 
the other running parallel with the margin of the aperture. The transverse lines, of which three to five 
occur in the space of 1 mm., are recurved as usual on the upper side and quite as much on the lower side. 
At intervals, sometimes quite regular, many specimens exhibit more or less distinct undulations of 
growt.h, in some examples little more than a millimeter apart, in others two, three, or four millimeters. 
Conoiclerable variety as regards strength and arrangement of the lines forming the surface sculpture may 
be observer} in specimens from different localities. As a rule the revolving lines are strongest on the basal 
portions of the shell, and in some of the specimens from the "Glade limestone" of Tennessee they appear 
to be wanting l'ntirely on the upper side. In the latte:r cases the transverse lines are stronger than usual 
In all the specimens from the Stones River group of Illinois, Wisconsin and Minnesota that retain the 
marldngs, the two sets of lines are almost equally developed, and on the whole finer than on the Tennessee 
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sbells. The lunulre of the band are distinct, strongly curved, and crossed by a varying number of delicate 
revolving lines. Suture linear and inconspicuous except between the last two whorls of old shells. The 
last volution usually descends more rapidly than the preceding whorls. 

In casts of the interior, the condition in which this fossil usually occurs, the suture, for obvious 
reasons, is deeper than in the shell itself, the periphery of the whorls oftener rounded than Jlat or concave, 
and the surface markings restricted to more or less obscure impressions of the varices of growth. Even 
the molds of the exterior in the dolomitic limestone in which the species occurs so abundantly in Wiscon
sin and Minnesota, only in rare instances preserve any recognizable traces of the delicately cancellated 
surface sculpture. But we have never failed to detect it whenever the grain of the matrix was fine 
enough. That the surface in these specimen'S was originally cancellated, as shown in figure 5 on plate 
LXX, is further established by two specimens collected by one of the authors in the fine-grained upper 
member of the Stones Rl\'er group at Dixon, Illinois. These specimens preserve not only portions of the 
outer layer of the shell with its beautiful markings, but here and there retain irridescent patches of the 
nacrous inner layer which, since it Las been observed in so many differc>nt forms, probably pertained to all 
of the Pleurotomm·iidre. 

We are in doubt as to the occurrence of this species in the Black River shales of Minnesota. The 
small casts usually referred here by collectors belong chiefly to our C. conica. Some of the others may 
represent O. subconica, but we have not seen any of which we would like to say positively that it does, 
Nor have we seen a specimen in either the Olitambonites, Fusispira or Maclurea bc'd of the Trenton group. 
If it occurs at any of these horizons in Minnesota, it must be very rare. Oasts of a species of Clathrospira 
occur in the Lorraine and Richmond groups of the Oincinnati region. They have always been regarded as 
belonging to O. subconica, but every testiferous specimen of Olathrospim that we have seen from that 
region has proved to belong to our O. conica. Though it mURt be admitted that the occurrence of O. 
subconica in the Cincinnati rocks requires verification, we are fully prepared to believe that many of the 
interior casts found there are really of that species, and until we know better they should be so regarded. 

Formation and locality.-Stones River group, Minneapolis, St. Paul, (Jan non Falls, and other 
localities in Minnesota; Beloit, Janesville, and other localities in Wisconsin; Dixon, Rockton, and Jo 
Daviess and Oalhoun counties in Illinois; High Bridge, Kentucky; Lebanon and other points in Tennessee. 
Also in the Black River group at several of the foregoing localities. In Oanada and New York it occurs 
in the Black River and Trenton groups, and probably also in the Hudson River group. In Ohio, Indiana 
and Kentucky, casts supposed to belong to this species occur at many localities in both the Lorraine and 
Richmond groups. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 5037. 

OLATHROSPIRA CONVEXA, n. sp. 

PLATE LXiX. FIG- 51. 

Oasts of the interior, the only condition in which we have observed this rare species, agree very 
closely with O. subconica in all respects save in the contour of the upper side of the volutions. This, 
instead of being nearly fiat (i. e. gently convex above 3.nd slightly concave below) in the space between the 
suture and the upper margin of the peripheral band, is rather strongly convex. The elevation of the 
band produces a narrow concavity immediately above it, but this does not greatly effect the general 
roundness of the' whorls. They are more rounded than angular; in O. subconica the opposite is the case. 
The specimen figured on plate LXIX has all the appearances of being fully grown. If this is true, then 
O. oonvexa is a smaller shell than O. subconica. The same specimen preserves traces of the surface sculp
ture. This is of a coarser pattern than that of O. subconica, there being only four or five of the transverse 

lin.es in ::\ mm. instead of seven to ten. 

Formation and locality.-Stones River group, Oalhoun county, IllinoiS. 

GoUection.-E. O. Ulrich. 
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shells. The lunulffi of the band are distinct, strongly curved, and crossed by a varying number of delicate 
revolving lines. Suture linear and inconspicuous exc,~pt j)etween the last two whorls of old shells. The 
last volution usually descends more rapidly than the preceding whorls. 

In casts of the interior, the condition in which this fossil uSlmlly uccurs, the suture, for obvious 
reasons, is deeper than in the shell itself, thp periphery of the whorls oftener rounded t.han Jlat or concave, 
and the surface markings restricted to more or le,.,s obscure impressions of the varices of growth. Even 
the molds of the exterior in the dolomitic limestone in which the species occurs so abuQrlantly in Wiscon
sin and Minnesota, only in rare instances preserve any recognizaule traces of the delicately cancellated 
surface sculpture. But we have never failed to detect it whenever the grain of the matrix was fine 
enough. That the surface i[1 these specimen~ was originally eancellat8(1, as shown in figure 5 on plate 
LXX, is further established by two specimrms collected by one of the authors in the flne-grained upper 
member of the Stones Ril"er group at Dixon, Illinois. These specimens preserve not only portions of the 
outer layer of the shell with its beautiful markings, but here and there retain irridescent patches of the 
nacrous inner layer which, since it Las been observed in so many rliff"f\'nt forms, probably pertained to all 
of the Pleurotomaj·iidce. 

We are in doubt as to the occurrence of thb species in the Black Ri ver shales of Minnesota. Thr· 
small casts usually referred here by collectors belong chiefly to our C. conica. Some of the others may 
represent O. subconica, but we have not seen any of which we wouldlikc to say positively that it does. 
Nor have we seen a specimen in either the Clltambonites, Fusispira or Maclurea b,'d of the Trenton group. 
If it occurs at any of these horizons in Minnesota, it must be very rare. Casts of a species of Clathrospim 

occur in the Lorraine and Richmond groups of the Oincinnati regiun. They have always been regarded as 
belonging to O. subconica, but every testiferous specimen of ClathJ"ospim that we have seen from that 
region has proved to belong to uur C. conica. Though it mURt be admitted that the occurrence of C· 
subconica in the Cincinnati rocks rerluires verification, we are fully prepared to believe that many of the 
interior casts found there are really of that species, and until we know better they should be so regarded. 

Formation and locality.-Stones Ri ver group, Minneapolis, St. Panl, Cannon Falls, and other 
localities in Minnesota; Beloit, JaneSVille, and other localities in Wisconsin; Dixon, Rockton, and Jo 
Daviess and Calhoun counties in Illinois; High Bridge, Kentucky; L,'banon and other points in Tennessee. 
Also in the Black River group at several of the foregoing localities. In Canada and New York it occurs 
in the Black River and Trenton groups, and probably also in the Hudson River group. In Ohio, Indiana 
and Kentucky, casts supposed to belong to this species occur at many localities in both the Lorraine and 
Richmond groups. 

(JoZlections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 5037. 

CLATHROSPIRA CONVEXA, n. sp. 

PLATE LXIX. FIG- 51. 

Casts of the interior, the only condition in which we have observed this rare species, agree very 
closely with C. subconica in all respects save in the contour of the upper side of the volutions. This, 
instead of being nearly fiat (i. e. gently convex above 'tno slightly concave below) in the space between the 
suture and the upper margin of the peripheral band, is rather strongly convex. The elevation of the 
band produces a narrow concavity immediately above it, but this does not greatly effect the general 
roundness of the whorls. They are more rounded than angular; in C. su/JConim the opposite is the case. 
The specimen figured on plate LXIX has all the appearances of being fully grown. If this is true, then 
O. convexa is a smaller shell than C. subconica. The same specimen preserves traces of the surface sculp
ture. This is of a coarser pattern than that of C. subconica, there being only four or five of the transv('r~e 

lines in :l mm. instead of seven to ten. 

Formation and locaZity.-Stones River group, Calhoun county, Illinois. 

GoZleciion.-E. O. Ulrich. 
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CLATHROSPIRA CONICA, n. Sp. 

PLATE LXX, FIGS. 1-4. 

This species has l::een, we believe, often confused with young specimens of O. subconica Hall sp. 
Though greatly resembling that species, especially i!l the condition of casts, and perhaps derived from 
it, it is neverthele% a wl'll-marked form and worthy of a distinct name. It is al ways smaller, the largest 
uf over fifty specimens being only 25 mm. wide, while in at least four-fifths of the specimens found in the 
Black River and Trenton groups the width is less than 18 mm. The average width of the Cincinnati 
form is somewhat greater, being something like 23 or 24 mm. Aside from the matter of size, the species 
differ constantly froOl (J. subconicu in at least twa particulars. First, the upper slope of the whorls is 
nowhere com'ex but is either gently concave throug'hout or flat frflm th"l linear suture to the riSing base 
of the upper boundary of the peripberal banc1. The second difference lies in a more or less well· marked 
concave space which occupies the outer third of the base of the whorls. The inner border of this space is 
often very sharply ddlned on testiferous examples and readily traced on most casts of the interior. Among 
less obvious and perbaps less constan t differences we may mention that the periphery is more angular, the 
whole base less convex, and the surface markings altogether less beautiful, less distinct and less regular. 
In O. subconica the lines of the surface sculpture are sharply raised and look like woven threads; in O. 
conica they are neither sharp nor thread-like and generally require a good glass to bring them out at all. 

Formation and locality.-Not uncommon in the shales of the Black River group (Ctenodonta bed 
chiefly) at Minneapolis, St. Paul, Cannon Falls, Chatfield, and other localities in Minnesota. Also, but 
not so fre([uently, in the Clitambonites and Fusispira beds of the Trenton group at localities in Goodhue 
and Fillmore counties. In central Kentucky it occurs in the Trenton group; at CinCinnati, OhiO, in 
the Lorraine group. 

Oollections.-E. O. Ulrich; W. H. Scofield. 

Genus PLETHOSPIRA, n. gen. (Ulrich.) 

In part Plwl'otomul'ia and H%pca, the first of HALL, the second of WHITFIELD. 

For generic diagonosis see page 958. 

This genus is proposed for more or less turbinate Holopea-like shells, consisting 

of not more than five rapidly expanding ventricose whorls, with a broad, flat or 

concave, band situated near the middle of the whorls. There is no slit and the 

surface markings consist simply of lines of growth. None of the preceding genera 

are very closely related. Lophospira has angular whorls and a convex band, and 

represents quite a different line of development. Eutomaria ma,y be nearer, yet is quite 

as easily distinguished. Both Phanerotrema Fischer, and Bembexia (Ehlert, possess a 

long apertural slit besides peculiarities of their own. The true position of Plethospira 

appears to be in the immediate vicinity of Hormotoma, Salter, and Seelya, Ulrich. 

From the former it differs in having fewer and more rapidly enlarging volutions, 

and a shallower apertural notch, the forward curve of the lines of growth beneath 

the band, corresponding with the lower half of the outer lip, being much shorter 

than in Salter's genus. The lower extremity of the aperture also is much less 

produced and wider than is usual in that genus. Seelya includes very similar forms 

but they are easily distinguished by their different surface sculpture. 
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CLATHROSPIRA CONICA, n. Sp. 

PLATE LXX, FIGS. 1-4. 

This species has l::een, we believe, often confused with young specimens of O. subconica Hall sp. 
Though greatly resembling that species, especially i!l the condition of casts, and perhaps derived from 
it, it is neverthele% a wl'll-marked form and worthy of a distinct name. It is al ways smaller, the largest 
of over fifty specimens being only 25 mill wide, while in at least four-fifths of the specimens found in the 
Black River and Trenton groups the wiclth is less than 18 mm. The average width of the Cincinnati 
forlll is somewhat greater, being- something like 23 or 24 mill. Aside from the matter of size, the species 
differ constantly from (J. subconicCl in at least twa particulars. First, the upper slope of the whorls is 
nowhere convex bnt is either gently concave throughout or flat fwm th"l linear suture to the rising base 
of the upper boundary of the peripberal hanel. The second difference lies in a more or less well·marked 
concave space which occupies the outer third of the base of the whorls. The inner border or this space is 
often very sharply deflned on testiferous examples and readily traced on most casts of the interior. Among 
less obvious and perhaps less constant differences we may men tion that the periphery is more angular, the 
whole base less convex, and the surface markings altogether less beautiful, less distinct and less regular. 
In U. subconim the lines of the surface sculpture are sharply raised and look like woven threads; In O. 
conica they are neither sharp nor thread-like and generally require a good glass to bring them out at all. 

Formation aneZ locality.-Not uncommon in the shales of the Black River group (Ctenodonta bed 
chiefly) at Minneapolis, St. Paul, Cannon Falls, Chatfield, and other localities in Minnesota. Also, but 
not so fre'1Uently, in the Clitambonites and Fusispira beds of the Trenton group at localities in Goodhue 
allCI Fillmore counties. In central Kentucky it occurs in the Trenton group; at CinCinnati, Ohio, in 
the Lorraine group. 

Oollectio1ls.-E. O. Ulrich; W. H. Scofield. 

Genus PLETHOSPIRA, n. gen. (Ulrich.) 

In part Plcul'utonwl'i(( and Holopeu, the first of HALL, the second of WHITFIELD. 

For generic diagonosis see page 958. 

This genus is proposed for more or less turbinate Holopea-like shells, consisting 

of not more than five rapidly expanding ventricose whorls, with a broad, fiat or 

concave, band situated near the middle of the whorls. There is no slit and the 

surface markings consist simply of lines of growth. None of the preceding genera 

are very closely related. Lophospirrt has angular whorls and a convex band, and 

represents quite a different line of development. Eutomaria may be nearer, yet is quite 

as easily distinguished. Both Phanerotrema Fischer, and Bembexia <Ehlert., possess a 

long apertural slit besides peculiarities of their own. The true position of Plethospira 

appears to be in the immediate vicinity of Hormotoma, Salter, and Seelya, Ulrich. 

From the former it differs in having fewer and more rapidly enlarging volutions, 

and a shallower apertural notcb, the forward curve of the lines of growth beneath 

the band, corresponding with the lower half of the outer lip, being much shorter 

than in Salter's genus. The lower extremity of the aperture also is much less 

produced and wider than is usual in that genus. Seelya includes very similar forms 

but they are easily distinguished by their different surface sculpture. 
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FIG.7.-a, Plethospira cassina Wbitfield sp, Calciferous formation Fort Oassin, Vermont. Some
what restored view of a good specimen belonging to the U. S. National Museum. The Jast whorl retains 
much of the shell, and shows the character3 of the band and surface markings, b, c, el, Seelyet ventl'icos(t 
Ulrich, n. sp., Oalciferous formation, Fort Oassin, Vermont. b, Oast of the interior of a rather small 
specimen, collected by Prof. H. M. Seely and presented to one of the authors. The ridge which forms the 
lower margin of the band is not prominent enough in the figure. c, Surface of the shell of a species of 
SeeZya from Fort Oassin, x2, taken from an incomplete specimen belonging to the U. S. National Museum, 
showing the'band and surface markings. el, small portion of the same, xlO, showing the grano-punctate 
character of the outer surface. This specimen probably bclongs to Seelyet difficilis Whitfield sop, Another 
specimen of S. ventricosa in the National Museum is much larger than I), being 57 mm. high aDd 40 mm. 
wide. The last whorl descends very much as in a, and is marked by lIve ridges above and lIve below the 
band. 

Plethospira probably will not prove to be a large genus, yet, as it represents an 

easily recognized type of shells that moreover continued through a long period of 

time, it deserves and probably will receive recognition from systematists. P. cassina 

Whitfield sp. is a fine species from the Calciferous rocks of the Lake Champlain 

region. A second species from that region was somewhat doubtfully identified by 

Whitfield with Billings' Murchisonia arenaria. For some unaccountable reason 

Whitfield places both of these Calciferous species under Holopea. A third species, 

evidently very closely related to the preceding, was called MUJ'chisonia hyale by 

Billings, who gives it as from "the Chazy or perhaps the Black River limestone" of 

Canada East. The ~ame author has described other Lower Silurian shells that may 

belong here, but, as we have not yet seen his original types, we prefer to postpone 

their removal from the genera to which he assigned them. Lindstrom's Pleuroto

maria vaUda, an Upper Silurian species, bas a very thick shell and rather too high a 

spire, but otherwise seems to agree very well with Plethospira. Regarding the 

following two specie~, perhaps they are not very good examples of Plethospira, still, 

it would be difficult to pick out any important differences; at any rate, we cannot 

s.ugges~ a more fitting disposal of them at present. 

Plethosplra.l 
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FIG.7.-a, Plethospira cassina Whittleld sp, Calciferous formation Fort Cassin, Vermont. Some
what restored view of a good specimen belonging to the U. oS. National Museum. T11e last w110rl retains 
much of the shell, and shows the character,; of the hand and surface markitlgs< 7), c, [1< 8eel!let ventric(}s(t 
Ulrich, n. sp., Calciferous formation, Fort Cassin, Vermont. 11, Cast of the interior of ~L rather small 
specimen, collected by Prof. H. M. Seely am] presented to one of the authors. The ridge which forms the 
lower margin of the band is not prominent enough in the figure. c, Surface of the shell of a species of 
See/va from Fort CaSSin, x2, taken from an incomplete specimen belonging to the U. S. National Museum, 
showing the band and surface markings. [I, small portion of th~ same, xlO, showing the grano-punctate 
character of the outer surface. This specimen probably belongs to SeelYfl clifficilis Whitfield sp. Another 
specimen of S. ventricosa in the National Museum is much larger than 7), being 57 mill. high a[1d 40 rum. 
wide. The last whorl descends very much as in a, and is marked by tl ve ridges above and tl ve below thp 
band. 

Plethospira probably will not prove to be a large genus, yet, as it represents an 

easily recognized type of shells that moreover continued through a long period of 

time, it deserves and probably will recei ve recognition from systematists. P. cassina 

Whitfield sp. is a fine species from the Calciferous rocks of the Lake Champlain 

region. A second species from that region was somewhat doubtfully identified by 

Whitfield with Billings' Murchisonia arenaria. For some unaccountable reason 

Whitfield places both of these Calciferous species under Holopea. A third species, 

evidently very closely related to the preceding, was called Mu)'chisonia ltyale by 

Billings, who gives it as from "the Chazy or perhaps the Black River limestone" of 

Canada East. The mme author has described other Lower Silurian shells that may 

belong here, but, as we have not yet seen his original types, we prefer to postpone 

their removal from the genera to which he assigned them. Lindstrom's Plcuroto

maria valida, an Upper Silurian species, has a very thick shell and rather too high a, 

spire, but otherwise seems to agree very well with Plethospira. Regarding the 

following two species, perhaps they are not very good examples of Ptethospira, still, 

it would be difficult to pick out any important differences; at any rate, we cannot 

suggest a more fitting disposal of them at present. 
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PLETHOSPIRA SEMELE Hall. 

PLATE LXX, FIGS. 8-10. 

Pleurotolnc(l'ia semele HALL, 1861, Geol. Rep. Wis., p. 36 j WHITFIELD, 1895, Memoirs of the Amer. 
Mus. Nat. Hist., vol. i, pt. 2, p. 61, pI. VIII, fig's. 8-10. 

Original description.-" Shell subconical; spire ascending; hight and breadth nearly equal, consist
ing of four or five rounded or subangular volutions, the last one ventricose, subangular on the periphery, 
regularly rounded below into the small umbilicus. Aperture round. Surface marked by a subangular 
carina a little below the suture, and on the periphery by a moderately broad revolving band, sharply ele
vated at the margins and concave in the middle. Entire surface marked by sharp, elevated, closeJy 
arranged, concentric strim, which are curved abruptly backwards from the suture to the revolving 
band, on which they make a shallow retral curve, and below the band have a gentle forward curvature 
in passing downward to the umbilicus. Hight a little more than one inch; width three-fourths of an 
inch" 

We have two specimens of this species besides an interior cast that may belong to some other 
species. One of these (the specimen represented by figures 8 and 9 on plate LXX) retains considerable ot 

the shell with its markings, and permits us to add several particulars to the above description. First, 
there is a slight angle or ridge, about mid way between the peripheral band and the margin of the umbil
icus, that shows only on the last whorl, being just covered in the preceding whorls. The space a1;love it 
is flat or a trifie concave. Next, the umbilical perforation is very small and partly covered by the refiexed 
columellar lip. Finally, the lines of growth are quite regular, with between two and three in the space 
of one millimeter. The apical angle is about 65°. 

We cannot understand how Prof. Whitfield's figure 10 (loc. cit.) can possibly be a true portrayal ot 

the surface markings of the original type of the species. Certain it is that it does not give them as they 
are in the specimens which we have identified with P. semele. Nor does it agree with Hall's description, 
while our specimens do. Hall says that the lines of growth below the band "have a gentle forward 
curvature in passing downward to the umbilicus." In Whitfield's figure, however, they are represented 
as curving very strongly forward. The latter shows also an angular bend in the striffi at the upper carina 
which is not mentioned by Hall, and which is, to say the least, a very rare condition among shells of this 
family. Now, either Whitfield's illustration is wrong or Hall's description, and as our specimens agree 
with the latter, we are obliged to believe that the fault lies with the figure. The course, as well as the 
character of the striffi is, we believe, accurately represented in our figures 8 and 9. 

Whitfield's remark that" there is no doubt that this shell is a true Murchisonia, unless it prove to 
be a Lophospim," strikes us as a very peculiar statement. He proposed Lophospira and should therefore 
know when he has a species of his own genus before him and when one of Murchisonia. However that 
may be, P. semele most certainly belongs to neither of those genera. As we have said on a previous page,' 
the occurrence of a true Mtl1'chisoniu in American strata is yet to be established. As to Lophospira, it has a 
convex band, and includes only shells having strongly angular whorls, while P. semele has rather rounded 
whorls and is a species of the concave-banded types. 

Concerning the original of our figure 10, we wish to say that if it reaDy is an interior cast of a shell 
of this species, and a small patch of shell on the under surface, as well as a flattening of the peripheral 
band n('ar the mouth indicates that it is, then casts are sometime:; dangerously like casts of Lophospiru 
uicillcta. 

FOl'1Jwtion and locality.-Utica group (Maquoketa shales), Maquoketa creek and Graf, Iowa. 

Colleclions.-Geological and Natural History Survey of Minnesota; E.O ITlrich. 

Mt{sewn Register, No. 7334. 
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PLETHOSPIRA SEMELE Hall. 

PLATE LXX, FIGS. 8-10. 

Pleul'oto))!ctl'ia semele HALL, 1861, Geol. Rep. Wis., p. 36 j WHITFIELD, 1895, Memoirs of the Amer. 
Mus. Nat. Hist., vol. i, pt. 2, p. 61, pI. VIII, fig-so 8-10. 

Original descl'iption.-" Shell subconical; spire ascending; hight and breadth nearly equal, consist
ing of four or five rounded or subangular volutions, the last one ventricose, subangular on the periphery, 
regularly rounded below into the small umbilicus. Aperture round. Surface marked by a subangular 
carina a little below the suture, and on the periphery by a moderately broad revolving band, sharply ele
vated at the margins and concave in the middle. Entire surface marked by sharp, elevated, closely 
arranged, concentric strim, which are curved abruptly backwards from the suture to the revolving 
band, on which they make a shallow retral curve, and below the band have a gentle forward curvature 
in passing downward to the umbilicus. Hight a little more than one inch; widt,h three-fourths of an 
inch" 

We have two specimens of this species besides an interior cast that may belong to some other 
species. One of these (the specimen represented by figures 8 and 9 on plate LXX) retains conSiderable ot 

the shell with its markings, and permits us to add several particulars to the above description. First, 
there is a slight angle or ridge, about midway between the peripheral band and the margin of the umbil
icus, that shows only on the last whorl, being just covered in the preceding whorls. The space above it 
is flat or a trifle concave. Next, the umbilical perforation is very small and partly covered by the reflexed 
columellar lip. Finally, the lines of growth are quite regular, with between two and three in the space 
of one millimeter. The apical angle is about 65°. 

We cannot understand how Prof. Whitfield's figure 10 (loc. cit.) can possibly be a true port,rayal ot 

the surface markings of the original type of the species. Certain it is that it does not give them as they 
are in the specimens which we have identified with P. semele. Nor does it agree with Hall's description, 
while our specimens do. Hall says that the lines of growth below the band "have a gentle forward 
curvature in passing downward to the umbilicus." In Whitfield's figure, however, they are represented 
as curving very strongly forward. The latter shows also an angular bend in the strial at, the upper carina 
which is not mentioned by Hall, and which is, to ~ay the least, a very rare condition among shells of this 
family. Now, either Whitfield's illustration is wrong or Hall's description, and as our specimens agree 
with the latter, we are obliged to believe that the fault lies with the figure. The course, as well as the 
eharacter of the strial is, we believe, aecurately represented in our figures 8 and 9. 

Whittleld's remark that" there is no doubt that this shell is a true Murchisonia, unless it prove to 
ue a Lophospim," strikes us as a very peeuliar statement. He proposed Lophospira and should therefore 
know when he has a speeies of his own genus before him and when one of Murchisonia. However that 
may be, P. semele most eertainly belongs to neither of those genera. As we have said on a previous page; 
the occlLfrence of a true MUJ'chisoniu in Ameriean strata is yet to be established. As to Lophospira, it has a 
eon vex band, and ineludes only shells baving strongly angular whorls, wbile P. semele has.rather rounded 
whorls and is a speeies of the eoneave-banrled types. 

Concerning the original of our figure 10, we wish to say tbat if it realiy is an interior cast of a shell 
of this speeies, and a small pateh of shell on the under surfaee, as well as a fiattening of ~he peripheral 
band n~ar the mouth indieates that it is, then easts are sometime,; dangerously like casts of Lophospira 
bicillctct. 

For1Jwtion and locality.-Utiea group (Maquoketa sbales), Maquoketa creek and Graf, Iowa. 

Oolleclions.-Geologieal and Natural History Survey of Minnesota; E.O (JJrieh. 

Jllusewn Register, No. 7334. 



Plethospira striata.] 
GASTROPODA. 1011 

PLETHOSPIRA STRIATA, n. fip. (Ulrich.) 

PLA'l'E LXX. I<'1G. 7. 

Shell turbinate, apical angle at least 85°, hight nearly 22 Hun., width ahout 19 mm.: yolutions at 
least four, probably five, convex below, nearly vertical in the middle third, concave ahuv,! the band, hori
zontal between the upper carina and the suture; band supra-median on the last, infra-median on the 
whorls of the spire, decidedly concave, with thick and prominent margins; lint's of growth rather regu
lar, strong and heavy, rounded, wave-like, five or six on tbc' last whorl in 4 mm.; on the upper side they 
curve strongly backward, beneath the band they are almost vertical saving a very short retral curve 
above; lunulre obscure; aperture ronnded-pentagonal, outer lip with a broad but very shallow notch, 
columellar lip straight, obtusely angular below, reflexed, completely covning the minute umbilicus. 

This well-marked species cannot be confounded wi th any other shell known to us. The surface 
markings are highly characteristic. 

F01'mation ctnd lowlity.-Richmond group, Hanover, Butler county, Ohio. 

Collection.-E. O. Ulrich. 

Genus SEEL YA, n. gen. (Ulrich.)* 

Plett1'otoma1'ia, in part, of MEEK and WORTHEN, and WHITFIELD. 

For generic diagnosis see page 958. For figures of typical species see page 1009. 

The species which we propose to arrange under this generic title agree closely 

with Plethospira in all respects excepting that they have a narrower band and a 

spirally furrowed surface SCUlpture. As the group is easily recognized, a natural 

one, and ranges from the Calciferous to the top of the Niagara, we think that it 

should be distinguished by a name of its own. Whether the group is to be viewed 

as a genus or as a subgenus is of little consequence now. Our knowledge of Paleozoic 

Gastropoda is- yet far from that point when we may decide such questions with 

anything like confidence in the stability of the result. 

In the Calciferous of the Champlain valley we have two species of this genus, 

the type, S. ventricosa Ulrich, and Pleurotomaria d~tficilis Whitfield. These possibly 

are not distinct, but if Whitfield's figures of his species are correct, and we have no 

reason to doubt it, then it is clearly another form, having a lower spire, more 

numerous revolving furrows, and a shoulder-like angulation near the suture that is 

wanting in S. ventricosa. An imperfect specimen in the U. S. National Museum, 

which seems to belong to Whitfield's species, differs further in having a larger 

umbilical perforation. 

Judging solely by the illustration given by Billings in Paleozoic Fossils, vol. i, 

p. 187, fig. 171, of his Murchisonia cassandra, we would say that the species was 

• The ganus is named in honor of Prof. H. M. Seely. of Middlebury College, who, because of his valuable work on the 
Oalciferous-Ohazy fauna and rocks of the Champlain valley, in connection With Prof. Brainerd. has fully earned the com
pliment. One of the authors is also indehted personally to Prof. Seely for numerous speCimens. among them the type of 
the present genus, from Fort C:.ssin and other localities in the Champlain valley. These hav~ been of ~uch assistance in 
our work. Some paleontologists probably will contend that the name sh@uld have heen wntten SeelY1£!, but the shorter 
form Seelya seemed so preferable that we concluded to risk their criticism. 

Plethosp!ra strlata.J 
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PLETHOSPIRA STRIATA, n. sp. (Ulrich.) 

PLA'l'F, LXX, FIG. 7. 

Shell turbinate, apical angle at least 85°, hight nearly 22 mm., width ahout 19 mm.: volutions at 
least four, probably five, convex below, nearly vertical in the middle third, concave abuv'! the band, hori
zontal between the upper carina and the suture; band supra-median on the last, infra-median on the 
whorls of the spire, decidedly concave, with thick and prominent margins; lin .. s of growth rather regu
lar, strong and heavy, rounded, wave-like, five or six on th(' last whorl in 4 mm.; on the upper side they 
curve strongly backward, beneath the band they are almost vertical saving a very short retral curve 
above; lunuhe obscure; aperture ronnded-pentagunal, outer lip with a brmd but very shallow notch, 
columellar lip straight, obtusely angular below, reflexed, completely cov<'ring the minute umbilicus. 

This well-marked species cannot be confounded with any other shell known to us. The surface 
markings are highly characteristic. 

F01"mation and loculity.-Richmond group, Hanover, Butler county, Ohio. 

Collection.-E. O. Ulrich. 

Genus SEELYA, n. gen. (Ulrich.)* 

Pleurotomaria, in part, of MEEK and WORTHEN, and WHITFIELD. 

For generic diagnosis see page 958. For figures of typical species see page 1009. 

The species which we propose to arrange under this generic title agree closely 

with Plethospira in all respects excepting that they have a narrower band and a 

spirally furrowed surface sculpture. As the group is easily recognized, a natural 

one, and ranges from the Calciferous to the top of the Niagara, we think that it 

should be distinguished by a name of its own. Whether the group is to be viewed 

as a genus or as a subgenus is of little consequence now. Our knowledge of Paleozoic 

Gastropoda is- yet far from that point when we may decide such questions with 

anything like confidence in the stability of the result. 

In the Calciferous of the Champlain valley we have two species of this genus, 

the type, S. ventricosa Ulrich, and Pleurotomaria d~fficilis Whitfield. These possibly 

are not distinct, but if Whitfield's figures of his species are correct, and we have no 

reason to doubt it, then it is clearly another form, having a lower spire, more 

numerous revolving furrows, and a shoulder-like angulation near the suture that is 

wanting in S. ventricosa. An imperfect specimen in the U. S. National Museum, 

which seems to belong to Whitfield's species, differs further in having a larger 

umbilical perforation. 

Judging solely by the illustration given by Billings in Paleozoic Fossils, vol. i, 

p. 187, fig. 171, of his Murchisonia cassandra, we would say that the species was 

• The ganus is named in honor of Prof. H. M. Seely, of Middlebury Oollege, who, because of his valuable work on the 
Calolferous-Chazy fauna and rocks of the Ohamplain valley, in connection with Prof. Brainerd, Ilas fully earned tile COUl

pliment. One of the authors is also indebted personally to Prof, Seely for numerous specimens, among them the type of 
the present genus, from Fort O!Lssin and other localities in the Ohamplain valley, These hav~ been of ~uch assistance in 
our work. Some paleontologists probably will contend that the name shtDuld have been Written SeelYla, but the shorter 
torm See!ya seemed 90 preferable that we concluded to risk their criticism, 



1012 TIlE PALEONTOLOGY OF MiNNESOTA. 
[Seelya mundu1a. 

founded on an interior cast of a rather slender shell of this genus. It is from the 

Point Levis limestone of the Quebec group. We know of no species in the Trenton, 

and the Cincinnati species about to be described is a very modest representative. 

There are at least two Upper Silurian species. One of these occurs in the Niagara 

limestone at Chicago, and was described by Meek and Worthen as Pleurotomaria 

cyclonemoides. The other is the well known Plew'otoman:a lloydii of Sowerby, 

occurring in England and Gotland. Several good varieties or closely related species 

are included in the European species, and one, as figured by Lindstrom, greatly 

resembles our S. veniricosa. 

SEELYA MUNDULA, n. sp. (Ulrich.) 

PLATE LXX. FIGS. 11-12. 

Hight and width nearly equal, 10 to 13 mm.; apical angle 70° to 75°; volutions four, subangu
lar; band prominent, narrow, concave; upper side of whorls with a strong angulation or carina midway 
between the band and the suture, and sometimes Vl'ith a small ridge close to the suture, the intermediate 
spaces more or less concave: laWN side convex except immediately rJeneath the salient band, with two or 
three (perhaps more) small revolving ridges; umbilical perforation very minute; aperture rounded, lines 
of growth obscure. 

Remembering that the band is concave, we know of no shell in the Trenton and Oincinnati or Hud
son River periods that might be confounded with thie species. 

F01"nwtion and locaZity.-Lower part of Lorraine group, Oincinnati, Ohio, and Newport, Kentucky. 
Good specimens appear to be very rare. 

Collection.-E. O. Ulrich. 

Genus HORMOTOMA, Salter. 

Mttrchisonia (part.) of authors. 

HO'rnwtol1w, SALTER (as subgenus of MUJ'chisonia, D'Arch. and Vern.), 1859, Oan. Org. Remains, 

Decade], p. ]8; (EHLERT, 1887, Extr. Bull. Soc, d'Etud. Sci. d'Angers, p. 18. 
Goniostl'ollha (part.), a~HLERT, op. cit., p. 13. 

For generic characters see page 959. 

This division of tbe Pleurotomariidce seems to us as in every way fully deserving 

the rank of a distinct genus. In the first place, the species of Hormotoma have no 

discoverable relation to the original types of Murchisonia, the genus with which 

they have been heretofore almost universally aSi:lociated. N ext, the generic type 

maintained its peculiarities through a long period of time, beginning no later than 

the Calciferous and extending upward through the intervening beds to the top of 

the Upper Silurian. Beyond this horizon we meet with slightly modified but 

undeniable descendants in the lower and middle divisions of the Devonian system. 

The latter, because they have developed a short apertural slit, should perhaps be 

separated, in which case the somewhat inappropriate term Goniostropha might be 
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founded on an interior cast of a rather slender shell of this genus. It is from the 

Point Uwis limestone of the Quebec group. We know of no species in the Trenton, 

and the Cincinnati species about to be described is a very modest representative. 

There are at least two Upper Silurian species. One of these occurs in the Niagara 

limestone at Chicago, and was described by Meek and Worthen as Pleurotomaria 

c!Jclonemoides. The other is the weH known Pleurotoman:a lloydii of Sowerby, 

occurring in England and Gotland. Several good varieties or closely related species 

are included in the European specie8, and one, as figured by Lindstrom, greatly 

resembles our S. veniricosa. 

SEEL Y A MUNDULA, n. sp. (Ulrich.) 

PLATE LXX, FIGS, 11-12. 

Hight and width nearly equal, ]0 to 13 mm.; apical angle 70° to 75°; volutions four, subangu
lar; band prominent, narrow, concave; upper side of whorls with a strong angulation or carina midway 
between the band and the ~uture, and sometimes", ith a small ridge close to the suture, the intermediate 
spaces more or less concave: lower side convex except immediately beneath the salient band, with two or 
three (perhaps more) small revolving ridges; umbilical perforation very minute; aperture rounded, lines 
of growth obscure. 

Remem bering that tbe band is concave, we know of no shell in the Trenton and Oinci nnati or Hud
son River periods that might be confounded with tbi8 species. 

F01"mcttion and lowlity.-Lower part of Lorraine group, Oincinnati, OhiO, and Newport, Kentucky. 
Good specimens appear to be ,,<cry rare. 

Gollection.-E. O. Ulrich. 

Genus HORMOTOMA, Salter. 

MUl'chisonia (part.) of authors. 

Hormotomo, SALTER (as subgenus of MUl'chisonia, D'Arch. and Vern.), ]859, Oan. Org. Remains, 

Decade 1, p. 18; illHLERT, 1887, Extr. Bull. Soc, d'Etud. Sci. d'Angers, p. 18. 
Goniostl'opiLa (part.), a~HLERT, op. cit., p. 13. 

For generic characters see page 959. 

This division of the Pleurotomariidce seems to us as in every way fully deserving 

the rank of a distinct genus. In the first place, the species of Hormotoma have no 

discoverable relation to the original types of Murchisonia, the genus with which 

they have been heretofore almost universally associated. N ext, the generic type 

maintained its peculiarities through a long period of time, beginning no later than 

the Calciferous and extending upward through the intervening beds to the top of 

the Upper Silurian. Beyond this horizon we meet with slightly modified but 

undeniable descendants in the lower and middle divisions of the Devonian system. 

The latter, because they have developed a short apertural slit, should perhaps be 

separated, in which case the somewhat inappropriate term Goniostropha might be 



Hormotoma., 
GASTROPODA. 1013 

utilized.* The third qualification lies in the comparatively obvious fact that the 

rather numerous species comprised in the genus constitute an evolutional series. 

That this is so can scarcely escape anyone who will take the trouble to compare 

criticaUy the various forms which we refer here. A fourth and very important 

quality of the genus is its convenience in classification. The 'use of the term 

HOl'motoma tells us at once that we are dealing with practically imperforate shells 

forming a high spire composed of numerous rounded or subangular whorls having 

simple surface sculpture and a subr-entral flat or concave band terminating in a deep 

>sbaped notch. These features furthermore are all readily apparent on all reason

ably well preserved specimens. 

The most natural position and true relations of Hormotoma appear to be with 

Plethospira, Ulrich, on the one. side, aud Turritospira, Ulrich, on the other. From 

the former it is distinguished by its higher spire, more~ numerous and slowly 

enlarging volutions and deeper apertural notch; from the latter chiefly by the 

central position of the band which, in that genus, lies considerably beneath_~the 

middle of the whorls. Turritospira may not be as closely related as the great 

similarity of its shells leads one to suppose. Considering the position and relative 

prominence of the band and the external contour of the whorls in that genus, 

we see much to remind us of those low-spired and equally ancient genera 

Euconia and Eotomaria. Accordingly we are prepared to see it proved that 

Turritospira is nothing more nor les!; than a high-spired type of one or the other 

of those genera. 

In some of its forms Lophospira slightly resembles Hormotorna, but _ the more 

angular whorls and, especially, the convexity of the band in that genus renders 

confusion in this direction highly improbable. And yet, there is a possibility that 

some kind of relation exists between the two genera. Evidence of such a condition 

is furnished by two species, one, a Calciferous form described by Billings as Murchi

sonia artemesia, the other, an Upper Silurian shell described by Lindstrom as M. 

attenuata Risinger sp., which have all the characters of Hormotoma except the band 

which is convex as in Lophospira. We are in doubt as to what should be done wi~h 

the!le geologically widely eeparated two species, but would advise that they be 

referred provisionally to Hormotoma and leave it to the future to determine whether 
* (}o!,!iostropha might be retained as a subgenns under Hornwtoma., Salter. or possibly as a distinct generic designation 

for the Devonian group ofspecleswhich we would otherwise refer to H"rmotOlna as the Desidemta' section; providing that 
tbe Slit-band in <Ehlert's type, M. (Gontostropha) bachelieri Ronault sp., terminates in a sbort slit. Ttat sucb a slit is present 
in the bacheZteri we believe higbly probable, and our investigations so far lead us to expect its presence in tbe majority, if 
not in all, of the Devonian shells agreeing otherwise strictly with Hormotoma. Still, in the absence of positive knowledge 
on the point, we do not consIder ourselves justified in accepting Goniustropl,a for the group of sbdls in question. However 
the'investigatioll of the species bachelieri may turn out. we are convinced that less than half of the twenty species referred 
tohlssuhgenus by <Ehlert really belong there. With some of the species we are not snfficiently :acquainteel to .pass judg
mient.upon them. Of the others we would say tbat M. cingUlata Hisinger, and ltI. monili!oTmis_and.ltI. o/Jtusangula of Lind_ 
~t,rllm, are not at present distinguishable from Hormotoma; that M. cochleata Lindstrum, M. e:rtenuata_ Conrad, llf. anYll1ata. 
·d'Arch. and Vern., and M. (G1.) chalmasi <Ehlert, belong to various sections of LopllO~1Jlm; and that ltl.'m·it1l1a Ball, aoel 
M. Z!lO'llOmi McOoy, belong to an easily recognized and long-lived type which we propose to name So/en081)im. 

Hormotoma.l 
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utilized.* The third qualification lies in the comparatively obvious fact that the 

rather numerous species comprised in the genus constitute an evolutional series. 

That this is so can scarcely escape anyone who will take the trouble to compare 

critica,lly the various forms which we refer here. A fourth and very important 

quality of the genus is its convenience in classification. The use of the term 

HOl'motoma tells us at once that we are dealing with practically imperforate shells 

forming a high spire composed of numerous rounded or sub angular whorls having 

simple surface sculpture and a subcentral flat or concave band terminating in a deep 

>shaped notch. These features furthermore are all readily apparent on all reason

ably well preserved specimens. 

The most natural position and true relations of Hormotoma appear to be with 

Plethospira, Ulrich, on the one side, and Turritospira, Ulrich, on the other. From 

the former it is distinguished by its higher spire, more~ numerous and slowly 

enlarging volutions and deeper apertural notch; from the latter chiefly by the 

central position of the band which, in that genus, lies considerably beneathJhe 

middle of the whorls. Turritospira may not be as closely related as the great 

similarity of its shells leads one to suppose. Considering the position and relative 

prominence of the band and the external contour of the whorls in that genus, 

we see much to remind us of those low-spired and equally ancient genera 

Euconia and Eotomaria. Accordingly we are prepared to see it proved that 

Turritospira is nothing more nor les8 than a high-spired type of one or the other 

of those genera. 

In some of its forms Lophospira slightly resembles Horrnotoma, but_the more 

angular whorls and, especially, the convexity of the band in that genus renders 

confusion in this direction highly improbable. And yet, there is a possibility that 

some kind of relation exists between the two genera. Evidence of such a condition 

is furnished by two species, one, a Calciferous form described by Billings as )JIurchi

sonia ariemesia, the other, an Upper Silurian shell described by Lindstrom as M. 

attenuata Risinger sp., which have all the characters of Hormotoma except the band 

which is convex as in Lophospira. We are in doubt as to what should be done wi~h 

theRe geologically widely separated two species, but would advise that they be 

referred provisionally to Hormotoma and leave it to the future to determine whether 
* (}on,iostropha might be retained as a subgenus under Hornwtoma, Salter. or possibly as a distinct; generic designation 

for the Devonian group of species which we would otherwise refer to H'IrmotollIa ?s the Desiderata' section; providing t,bat 
tbe slit-band in <Ehlert·s type, M. (Goniostropha) lJachelieri Ronault sp,. terminates in a short slit,. Ttat such a slit is present 
in the baehelieri we believe highly probable, and our investigations so far lead us to expect its presence in the majority. if 
not in all, of the Devonian shells agreeing otherwise strictly with Hormotoma, Still. ill the absence of positive knowledge 
on the point, we do not consider ourselves justified in accepting GOlliustrop/1a for the group of shdls in fjuestion. However 
the investigation of the specIes bachelieri may turn out, we are convinced that less than half of tl,e twellt,y species referred 
to his subgenus by <Ehlert really belong there. With some of tbe species we are not sufficiently :acqlHLinted to ,pass judg
ment upon them. Of the others we would say that 111. cingulata Hisinger, and lvI. monili!o)'mls_alldlvI, uldllwllOllla of Lind_ 
strum, are not at present distinguishable from Hormotoma; that 111. eochleala LindstruIll, ,11. cxtenuata. Coorad. ell. anQlIlaio, 
d'Arch. and Vern., and M. (61.) ehalmasi <Ehlert, belong to various sections of LoplJospira; and that lvI,' mini/a Hall, aod 
M. larcomi McCoy, belong to an easlly recognized and long-lived type which we propose to name SO/Cll"sjJira. 



1014 THE PALEONTOLOGY OF MINNESOTA. 
lHormotoma gracilis. 

they have or have not been derived from elongated species of Lophospira like L. 

bowdeni Safford. 
Besides the five Trenton and Cincinnati species about to be described, we refer 

here Jl{urchisonia anna, M. simulatrix and M. vesta, three species described by Billings 

as occurring in the Calciferous in Canada; M. gracilens Whitfield from the same 

horizon in Vermont; M. procris Billings, from the Black River group of Canada; 

M. moniliformis, M. obtusangula and M. subplicata, Gothland species described by 

Lindstrom; and M. hebe Billings, Gaspe of Canada. M. cingulata Hisinger (as figured 

by Lindstrom) and M. egregia Billings, have the band too low to be counted as typical 

members of the genus, yet, it is probably best to place them here. We have already 

mentioned M. attenuata Hisinger, and M. artemesia Billings. M. agilis Billings, 

Quebec group, Canada, as is the case with other species described as Murchisoni0, 

may belong here but is not sufficiently known to permit us to say that it does. M. 
teret~formis, of the same author,provided the Manitoba specimens identified by 

Whiteaves with this species are really the same as Billings' original types, has all 

the characters of Hormotoma, despite the great size which this shell attains.* 

<Ehlert describes two species from the Devonian of France as M. (Hormotoma) 

lebescontei and M. (H.) clavicula. The same author proposes Goniostropha as a section 

of Murchisonia and includes in it several of the species that we refer to Honnotoma. 

If Goniostropha is to be recognized it must be for the reason given on page 1012.' If 

these are not sufficient then the American species M. desiderata, M. maia and M. leda 

of Hall, together with some of the European shells which <Ehlert places in his 

proposed section, must be regarded as congeneric with the Silurian species of 

Hormotoma. As defined by <Ehlert, Goniostropha is clearly an incongruous 
assemblage. 

HORMOTOMA GRACILIS Hall, and varieties. 

PI,ATl!: LXX. FIGS. 18-36 and ?42-43. 

MHrchisOllir( gracilis HALL, 1847, Pal. New York, vol. i, p. 181 (not SALTER, 1859, Can. Or~. Rem., Dec 
1, p. 22.) 

}J{tlTchisonia angllstata HALL, 1847, Pal. New York, vol. i, p.41.* 
Compo MUl'chisonia gracilens WllITFlELD, 18~9, Bull. Amer. Mus. Nat. Hist., vol. ii, p. 53, pI. VIII, 

fig. 14. 

• We are strongly inelined to doubt that the Manitoba sptcimens, which arc from tbe Trenton limestone (Fusl.pira or 
Maclurea bed), are specifically the same as the Hudson River group, Anticosti, originals of 1ft. terctiformis. Tbe apical 
angle in the forrner is 350 or more, while Billings gives the angle for the Anticosti types at 27Q. Since the foregoing was 
placed ill the printer's bands. Mr. J. F. Wbiteaves bas kindly sent us the two hest specimens of Lhese Manitoba and Anticosti 
forms In the museum of tbe Canadian survey. As a result of our comparison, we are now firmly convinced that the two 
forms are specifically distinct, ditIering from each uther in the same manner as H. beLlicincta and H. trentonensis. The 
ManItoba species resembles the former, bavlng more whorls, especially in the upper half of the spire, than the true H. 
tereiljf)rntls . 

. j. As will be noticed. the descriptiOU or "11. angltstatCi occurs on an earlier page in tbe work cited than that of M. gracilis, 
and If we followed the usual custom in sncb cases the first name would have been adopted for the species instead of the 
second . .sut as the date and authority for the two names is the same, and as the name angustata has been scarceiy recog· 
nlzed wblle ,\1. (Jrctclil.S ha" been described and quoted perhaps hundreds of times since 1847 it is evident that the latter bas 

the bette!' right to be ret.ained for the species. • 

1014 THE PALEONTOLOGY OF MINNESOTA. 
lHormotoIDa. gracilis. 

they have or have not been derived from elongated species of Lophospira like L. 

bowdeni Safford. 
Besides the five Trenton and Cincinnati species about to be described, we refer 

here Mu,rchisonia anna, M. simulatrix and M. vesta, three species described by Billings 

as occurring in the Calciferous in Canada; M. gracilens Whitfield from the same 

horizoll in Vermont; M. procris Billings, from the Black River group of Canada; 

M. moniliformis, M. obtusangula and M. subplicata, Gothland species described by 

Lindstrom; and M. hebe Billings, Gaspe of Canada. M. cingulata Hisinger (as figured 

by Lindstrom) and M. egregia Billings, have the band too low to be counted as typical 

members of the genus, yet, it is probably best to place them here. We have already 

mentioned M. attenuata Hisinger, and M. artemesia Billings. M. agilis Billings, 

Quebec group, Canada, as is the case with other species described as Murchisonii!', 

may belong here but is not sufficiently known to permit us to say that it does. M. 

teret~formis, of the same author, provided the Manitoba specimens identified by 

Whiteaves with this species are really the same as Billings' original types, has all 

the characters of Hormotoma, despite the great size which this shell attains.* 

<Ehlert describes two species from the Devonian of France as M. (Hormotoma) 

lebescontei and M. (H.) clavicula. The same author proposes Goniostropha as a section 

of Murchisonia and includes in it several of the species that we refer to Hormotoma. 

If Goniostropha is to be recognized it must be for the reason given on page 1012.' If 

these are not sufficient then the American species M. desiderata, M. maia and M. leda 

of Hall, together with some of the European shells which <Ehlert places in his 

proposed section, must be regarded as congeneric with the Silurian species of 

Hormotoma. As defined by <Ehlert, Goniostropha is clearly an incongruous 

assemblage. 

HORMOTOMA GRACILIS Hall, and varieties. 

PLAT}!; LXX. FIGS. 18-36 and ?12-43. 

MHl'chisonir( gracilis HALL, 1847, Pal. New York, vol. i, p.1S1 (not SALTER, 1859, Can. Orl;'. Rem" Dec 
1, p. 22.) 

.D[urchisonia angllstata HALL, 1847, Pal. New York, vol. i, p.41.* 
Compo if'Iurchisonia gracilens WllITFlELD, 18E9, Bull. Amer. Mus. Nat. Rist., vol. ii, p. 53, pI. VIII, 

fig. 14. 

• We are strongly inclined to doubt that the Manitoba specimens, which are from tbe Trent.on limestone (Fusispira or 
Maclurea bed), are speCifically tiJe same as t.he Hudson River group, Antic'osti, originals of 1ft, terctiformis. The apical 
an~le in the forrner is 350 or more, while Billings gives the angle for the Anticosti types at 27Q. Since the foregoing was 
placed in the printer's bands, Mr. J. F. Wbiteaves has kindly sent us the two best specimens of these Manitoba and Anticosti 
forms 10 the llluseum of tbe Canadian survey. As a result 01 our comparison, we are now firmly convinced that the two 
forms are specifically distinet, ditIering from each uther in the same manner as H. beLlicincta and H. trentonensiB. The 
ManItoba species resembles the former. having more whorls, especially in tbe upper half of the spire. than the true H. 
te1-et lfo1'ntlS . 

. j. As will be noticed, the descriptiOll or "11. anOltstntCi OCCur, On an earlier page in tbe work cited than that of M. graciliB, 
and If we followed the usual custom in sncb cases the first nam.e would have been adopted for lhe species instead Df the 
second. !1ut as tiJe date and autbority lor the two names is the same, and as the name anguBtata has been scarcely recog· 
nlzed whIle .11. orac!l., bas been described anel 'luoted periJaps hundreds of times since 1847 it is eVident that the latter has 

tbe better rigiJt to be ret,ained for the species. ' 



Hormotoma gracilis., 
GASTROPODA. 1015 

Typical form. 

PLAT E LXX, F'[GS. 18-21; 722. 

Hight 20 to 33 mm., apical angle very constantly about 18°. Shell small, slender; volutions about 
fourteen in a length of 30 mm. ; rounded, generally with a slight angulation, on which lies the band, a 
little beneath the middle; band seldom preserved, when perfect, rather narrow, smooth, flat or faintly 
concave and margined on each side by a delicate raised line; suturu simple, cleep; lines of growth fine, 
bending strongly baCkward from the suture to the band, and beneath this curving very strongly forward 
again, the whole indtcatlng a deeply notched mouth; aperture a Iittl<' higher than wide, rounded except 
below where it is somewhat produced; inner lip refieeted, forming a slightly twisted and thiekened 
columella. 

The original of fig. 22, which was found with many specimens like figs. 20 and 21, in the Richmond 
group near Spring Valley, ha'l the whorls too angular. Perhaps it would be better to place it with the 
val'. goodhuensis. 

Variety ANGUSTATA Hall. 

PLA'I'E LXX, FIGS. 30-00. 

Has more uniformly rounded whorls and slightly wider band than the typical form. So far as 
observed, this variety never reaches a length of 25 mm., the majority of specimens varying between 
17 and 20 mm. 

Variety SUBLAXA, n. tom'. 

PLATE LXX, FIGS. 23-25. 

This form is distinguished by its rather loosely coiled volutions, deep oblique suture, and wide band. 

Variety MULTIVOLVIS, n zar. 

PLA TE LXX, FIGS. 26-29. 

Distinguished from the foregoing varieties by its closely wound, vertically depressed volutions. 

? Variety GOODHUENSIS, n. var. 

PLA TE LXX, FIGS. 42-43. 

In this form the whorls are unusually high and angular, almost rivalling, in the latter feature, the 
next species, with which, moreover, it was found. But the apical angle is only about 18 rlegrees, and this 
agrees with H. gracilis, while it is too narrow for H. subangulata. We have unly two specimens and there
fore do not like to say anything positi\'e about the form. A larger supply of specimens may show it to be 
more distinct than it now appears. At any rate, it seems wortby of recognition as a variety. On plate 
LXX, fig. 22 gives a view of a similar specimen which occurred with H. gracilis and the var. nwltivolvis in 
the Richmond group at Spring Valley, Po~sibly this reprpsents a later appearance of var. ljoocVwcllsis. 

One or the other variety of H. gracilis occurs in greater or lesser abundance at most localities in the 
the eastern half of the United States and Canada exposing the roeks of the Trenton and Hudson River 
periods. Really satisfactory specimens, however, are rare, especially such as preserve the shell and sur
face markings. The var. angustata is scarcely distinguishable in the condition of casts of the interior, in 
which it is usually found, from the typical form of the species, but it is probably safe to say tbat all tbe 
specimens of the species found in the Stones River group belong to this variety, since none of the other 
varieties have so far been identified in rocks beneath the Black River !{roup. The variety Ctngllstctta seems 
to occur as far down as the Calciferous sandstone, since we can see no difference whatever between the 
Stones River form and llfurchisonia gracilens of Whitfield. The other varieties are sometill.1es associated 
with the typical form of the species, but they are readily enough distinguished, either as casts or shells, 

by the peculiarities above mentioned. 

Hormotoma gracilis., 
GASTROPODA. 1015 

Typical form. 

PLAT E LXX, F'fGS. 18-21; 722. 

Hight 20 to 33 mm., apical angle very constantly about 18°. Shell small, slender; volutions about 
fourteen in a length of 30 mm. ; rounded, generally with a slight angulation, on which lies the band, a 
little beneath the middle; band seldom preserved, when perfect, rather narrow, smooth, nat or faintly 
concave and margined on each side by a delicate raised line; suture simple, deep; lines of growth finc, 
bending strongly backward from the suture to the band, and beneath this curving very strongly forward 
again, the whole indicating a deeply notched mouth; aperture a littk high(~r than wide, rounded except 
below where it is somewhat produced; inner lip retiected, forming a slightly twisted and thickened 
columella. 

The original of fig. 22, which was found with many specimens like tlgs. 20 and 21, in the Richmond 
group near Spring Valley, ha'l the whorls too angular. Perhaps it would be better to place it with the 
var. goodhuensis. 

Variety ANGUSTATA Hall. 

PLA'I'E LXX, FIGS. 30-06. 

Has more uniformly rounded whorls and slightly wider band than the typical form. So far as 
observed, this variety never reaches a length of 25 mm., the majority of specimens varying between 
17 and 20 mm. 

Variety SUBLAXA, n. va?'. 

PLATE LXX, FIGS. 23-25. 

This form is distinguished by its rather loosely coiled volutions, deep oblique suture, and wide band. 

Variety MULTIVOLVIS, n zar. 

PLA TE LXX, FIGS. 26-29. 

Distinguished from the foregoing varieties by its closely wound, vertically depressed volutions. 

? Variety GOODHUENSIS, n. vco·. 

PLATE LXX, FIGS. 42-43. 

In this form the whorls are unusually high and angular, almost rivalling, in the latter feature, the 
next species, with which, moreover, it was found. nut the apical angle is only about 18 rlegrees, and this 
agrees with H. gracilis, while it is too narrow for H. subangu/ata. We have unly two specimens and there
fore do not like to say anything posith'e about the form. A larger supply of specimens may show it to be 
more distinct than it now appears. A t any rate, it seems worthy of recogni tion as a variety. On plate 
LXX, fig. 22 gives a view of a similar specimen which occurred with H. gracilis ancl the var. 'Ilwltivolvis in 
the Richmond group at Spring Valley. Possibly this reph'sents a later appearance of \'ar. goodlweHsis. 

One or the other variety of H. gl'Clcilis occurs in greater or lesser abunclance at most localities in the 
the eastern half of the United States and Canada exposing the rocks of the Trenton and Hudson River 
periods. Really satisfactory specimens, however, are rare, especially such as preserve the shell and sur
face markings. The val'. angustata is scarcely distinguishable in the conc1ition of casts of the interior, in 
which it is usually found, from the typical form of the species, but it is probably safe to say that all the 
specimens of the species found in the Stones River group belong to this variety, since none of the other 
varieties have so far been identified in rocks beneath the Black River gTOUp. The variety angllstata seems 
to occur as far down as the Calciferous sandstone, since we can see no difference whatever between the 
Stones River form and Murchisonia gracilens of Whitfield. The other varieties are sometirues associated 
with the typical form of the species, but they are readily enough distinguisbed, either as casts or sbells, 

by the peculiarities above mentioned. 



1016 THE PALEONTOLOGY OF MINNESOTA. 
[Hormotoma subangulata. 

FOl'llw.tiou and locality.--Var. angustata occurs rather rarely in the Vanuxemia bed of the Stones 
River group at Cannon Falls, Minnesota, and in equivalent strata in Wisconsin, Illinois, Kentucky, Ten
nessee, New Yo Ie and Canada; also in the shales of the Black River group at Minneapolis and near 
Cannon Fall~, and in the Utica group at Cincinnati, Ohio. The typical form is found from· the Black 
Riyer group on up to the top of the Richmond group at many localities. Good specimens occur in the 
Maquo](eta or Utica shales at Grar, Iowa. Val'. sublaxa is so far known only from the Trenton group at 
Auburn, Missouri. var. multivolvis in the Richmond group near Spri"ng Valley, Minnesota, and var. good
Iwensis in the P11yltoporina bed of the Black River group in Goodhue county, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. II. Scofield. 

1fluseum Registcr, N (). 7337. 

HORMOTOMA SU13ANGULATA, n. sp. 

PLATE LXX. FIGS. 37-41. 

L'~ngth 20 to 30 mlll., apical angle about 25°, band flat, median in position on the angular whorls. 
The apical angle is wider and the volutions much more angular than in any of the varieties of H. 

gracilis. The upper slope of the whorls is generally flat or very slightly convex, but occasionally it may 
be a trifle concave. In none of nine specimens is the apical angle less than 24°, and in one it is 26°. The 
two specimens represented on the same plate by figures 42 and 43 resemble this species in the angularity 
of their whorls, but as the apic",l angle is only about 18° in these specimens it is perhaps advisable to 
refer them provisionally to H. gracilis. (See preceding page.) 

Fo)'mation lJ,ilcl loculity.-Ctenorlonta b8d of the Black River group, Chatfield and near Cannon Falls, 
Minnesota. At the latter locality a cast of the interior apparently of this species was found in the 
Clitarnbonites bed of the Trenton group. 

Collection.-E. O. Ulrich. 

H ORMOTOMA SALTERI, n. sp. (Ulrich.) 

PLATE LXX. FIGS. 44-51. 

lHul'chi~ol<i(( (1I1Jl'lnotoma) gl'acilis SALTER, 1859, Can. Org. Rem., Dec. 1, p. 22 (Not HALL'S species.) 

Hight 25 to 40 mm.; apical angle 20° to 24° in typical form (figs. 44-48), about 25° in var. carwdensis and 
20° in var. /cllnesseensis (figs. 49-51); volutions nine or ten, rounded, more or less distinctly thickened above 
at the Wtur0 anel flat or concave just beneath; band rather wide, flat or slightly concave, median in the 
var. cCOlwlcnsis, a trifle benelth the center in the typical form and a little above the center in the var. 
tCl!11cssecnsis; lines of growth unequal, rather fine, never sharp. 

Thi.~ is '1, larger shell and has a wider apical angle than H. gracilis. In the typical form the thick
enin~' of the uppl~r edge of the whorls is usually a well-marked feature, but it is less constant in both of 
the Black Ri ver group varieties, and often wanting or quite inconspicuous in the Canadian form. Evi
dently, the peculiarity increased with the evolution of the species. 

Another variety may be distinguished as var. nitidu. This occurs rarely near the top of the Trenton 
group in association with the typical form, from which, however, it is readily separated by its larger size, 
relatively plump form and much wider apical angle. The latter is about 30°, while the hight of a large 
specimen WdS nearly 50 mm. The concavity beneath the suture is not very distinct on the lower two or 
three whorls, but ill all other respects their markings are precisely as in the typical form of the species . 

. Formation ((nd locality -Var. cnnuc7ensis occurs abundantly in the mack River rocks at f'auquette, 
rapids on the Ottawa river, and, more rarely, together with the var. tennesseensis, in equivalent or some
what younger strata l)etween Nashville and Lebanon, Tennessee. The typical form was round in abund
ance, I'at'. mtu/u rarely, in the upper part of the l.'renton group between Blrgin and Danville, Kentucky. 

Gollection.-E. U. Ulrich. 

10H; THE PALEONTOLOGY OF MINNESOTA. 
[Hormutorua subangulata. 

Forllwlioll and lowlity.--Var. elngustata occurs rather rarely in the Vanuxemia bed of the Stones 
Riycr group at Cannon Falls, Minnesota, and in equivalent strata in Wisconsin, Illinois, Kentucky, Ten
nessee, New Yo Ie anel Canada; also in the shales of the Black River group at Minneapolis and near 
Cannon Fall~, and in the Utica group at Cincinnati, Ohio. The typical form is found from· the Black 
RiI'er group on up to the top of the Richmond group at many localities. Good specimens occur in the 
Maqllolceta or Utica shales at Gral', Iowa. Val'. sHulaxel is so far known only from the Trenton group at 
Auburn, Missouri. yar. ?nultivolvis in the Richmond group near Spri'ng Valley, Minnesota, and var. good
Iwensis in the Pl1yltoporina beel of the Blaclc River group in Goodhue county, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. II. Scofield. 

}IIusewn Register, N (). 7337. 

HORMOTOMA SUEANGULATA, n. S}J. 

PLI\'l'E LXX. FIGS. 37-41. 

Lpngth 20 to 30 mill., apical angle about 25°, band flat, median in position on the angular whorls. 
The apical angle is wieler anel the volutions much more angular than in any of the varieties of H. 

gracilis. The upper slope of the whorls is generally fiat or very slightly convex, but occasionally it may 
be a trifle concave. In none of nine specimens is the apical angle less than 24°, and in one it is 26°. The 
two specimens represented on the same plate by figures 42 anel 43 resemble this species in the angularity 
of their whorls, but as the apical angle is only about 18° in these specimens it is perhaps advisable to 
refer them provisionally to H. gl'acilis. (See preceding page.) 

Formation (Lilcl lowlity.-Ctenorlonta b8d of the Black River group, Chatfield and near Cannon Falls, 
l\'[inne~ota. At the latter locality a cast of the interior apparently of this species was found in the 
Clitambooites beel of the Trenton group. 

Collection.-E. O. Ulrich. 

H ORMOTOMA SALTERI, n. sp. (Ulrich.) 

PLA'l'E LXX, FIGS. 44-51. 

lIIuj'chi~Olli(( (1I1J1'l1ioto1liu) Ijl'((cil'is SALTER, 1859, Can. Org. Rem., Dec. 1, p. 22. (Not HALL'S species.) 

Hight 25 to 40 mm.; apical angle 20° to 24° in typical form (figs. 44-48), about 25° in var. cann.densis and 
20° in var. /cllllesseensis (figs. 4rJ-51); volutions nine or ten, rounded, more or less distinctly thickened above 
at the wtur0 aod flat or concaye .iust beneath; band rather wide, flat or slightly concave, median in the 
var. cClJlwlensis, a trifle beneath the center in the typical form and a little above the center in the var. 
tCll1lCsseensis; lioes of growth unequal, rather fine, never sharp. 

ThL-; is '1. larger shell and has a wider apical aogle than H. gracilis. In the typical form the thick
enin~ of the uPlwr edge of the whorls is usually a well-marked feature, but it is less constant in both of 
the Black Ri ver group varieties, and often wanting or quite inconspicuous in the Canadian form. Evi
dently, the peculiarity increased with the evolution of the species. 

Another variety may be distinguished as var. niticlu. This occurs rarely near the top of the Trenton 
group in association with the typical form, from which, however, it is readily separated by its larger size, 
relatively plump form and much wider apical angle. The latter is about 30°, while the hight of a large 
specimen Wd8 nearly 50 10m. The concavity beneath the suture is not very distinct on the lower two or 
three whorls, but ill all other :espects their markings are precisely as in the typical form of the species . 

. Formation ((nd locality -Var. canadensis occurs abundantly in the Black Riyer rocks at Pauquette'l 
rapids on the Ottawa river, anel, more rarely, together with the var. tennesseensis, in equivalent or some
What younger strata l)~tween Nashville and Lebanon, Tennessee. The typical form was found in abund
ance, \·ar.m{~du rarely, in the upper part of the l.'renton group between B lrgin and DanVille, Kentucky. 

Collection.-E. U. Ulrich. 



GASTROPODA. 
Hormotoma bellicincta.j 
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HORMOTOMA BELLICINCT A Hall. 

PLA.TE LXX, FIGS. 15-17. 

Murchisonia bellicincta HALL, 1847, Pal. New York, vol. i, p. 179, pl. XXXIX, figs. la and lb, ? Ie and 
la, not Ie. 

Hight 20 to 45 mm., apical angle 42° to 50°, generally about 44°; volutions neatly rounded, some
times appearing a little flattened in the upper half, rather closely wound, depressed so that the hight and 
width is respectively as one is to two, about six or seven in number, casts, however, rarely preserving 
more than four; band wide, fiat, clearly defined on shells, just above or exactly in the middle of the 
whorls of the spire; lines of growth strongly recurved to the band, regular, comparati vely strong and dis
tant, rarely viSible on casts of the interior; a small, sometimes sharply defined umbilicus; aperturc 
rounded, except at the lower angle, which is somewhat extended. 

At least two species were united under the name Murchisonia bel/.icinctl), by Hall and most subse
quent authors who have had occasion to write about the species, while collectors have used the name in a 
very loose and shifty manner. That Hall's original figures (loc. cit.) em brace at least two species must be 
evident to all wh') will take the trouble to compare his In and Ie. How could the former, representing a 
small testiferous specimen, possibly be the apical portion of an example of the same species as the original 
of the latter, which is said to be an incomplete" cast of a large specimen"? In the tJ.rst place, the apical 
angle of la is about 50°, while that of Ie is only about 32°. So great a differenc~, especially in a genus of 
shells in which the apical angle is unusually constant, almost certainly indicates specific variation. 
When we add that in corresponding parts of the two figures the one has four whorls where the other bas 
hilt three, we may well wonder how the fact has so long escaped observation. Both forms occur in Min
nesota, and our only difficulty has been to decide as to wbich is the better entitled to retain the name 
bellicincta. 

So far as known, neither occurs in any dis vision of the Cincinnati period, and r)oth appear to be 
confined strictly to the Trenton proper. The larger form, however, seems to be the more common of the 
two and therefore probably the form that has been the more frequently referred to by authors. On the 
other hand, the smaller species precedes the larger on the plate, and, as the specimens figured of it are in 
a better state of preservation than the other, it is reasonable to assume that they furnished the greater 
part of the characters brought out in Hall's description. We have therefore concluded to restrict the 
application of the name bellicinctn to forms of the type of Hall's figs. let and lb, and propose a new desig
nation for the species represented by his fig. Ie. 

Formation and loeality.-Not uncommon in the Trenton limestone in New York and Canada. In 
Minnesota we have collected a total of eleven specimens, all from the lower part of the Fusispira bed ~t 
various points in Goodhue county. 

Uollections.-E. O. Ulrich; W. H. Scofield. 

HORMOTOMA TRENTONENSIS, n. sp. 

PLA.TE LXX, FIGS. 13 and 14. 

Murchisonia bellicincta (part.) HALL, 1847, Pal. N. Y., vol. 1, pI. XXXIX, fig. Ie (not l(t-1el)i OWEN, 1852, 
Geol. Rep. Wis., Iowa and Minn., pI. II, fig. 8 . 

. Murchisonia major WHITFIELD, 1882, Geol. Wis., vol. iv, p. 244, pl. IX, fig. 4 (not M. major HALL). 

Hight 30 to 100 mm., apical angle 32° to 37°, generally about 35°; volutions seven or eight, almost 
uniformly convex from suture to suture, not very closely wound, with the hight and width respectively as 
2 is to 3 or 3 to 5; band median, wide, flat, the lurluhe very moderately curved; lines of growth regular, 
fine, somewhat thread-like, averaging about eight in 5 mm., with the usual backward curve; notch deep 
and wide; mouth greatly produced and turned backward below; inner lip thin, reflected, above partly 

covering a small umbilical perforation. 
This beautiful shell has been for many years confused with H. bellicillcta Hall sp. On the preceding 

page we give our reasons for restricting jlfurehisonia bellicincta to the smaller of the two species figured by 

GASTROPODA. 
Hormotoma bellioinota.J 
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HORMOTOMA BELLICINCTA Hall. 

PLA.TE LXX, FIGS. 15-17. 

MUl'chisonia bellicincta HALL, 1847, Pal. New York, vol. i, p. 179, pI. XXXIX, figs. la and Ib, ? Ie and 
ld, not Ie. 

Hight 20 to 45 mm., apical angle 42° to 50°, generally about 44°; volutions neatly rounded, some
times appearing a little fiattened in the upper half, rather closely wound, deprcssed so that the hight and 
width is respectively as one is to two, about six or seven in number, casts, however, rarely preserving 
more than four; band wide, fiat, clearly defined on shells, just above or exactly in the middle of th,' 
whorls of the spire; lines of growth strongly recurved to the band, regular, comparati vely strong and dis
tant, rarely viSible on casts of the interior; a small, sometimes sl1arply defined umbilicus; aperture 
rounded, except at the lower angle, which is somewhat extended. 

At least two species were united under the name Murchisonia lJel/.ieinct(t by Hall and most subse
quent authors who have had occasion to write about the species, while collectors have used the name in a 
very loose and shifty manner. That Hall's original figures (loe. cit.) embracc at least two species must be 
evident to all wh'J will taKe the trouble to compare his In and Ie. How could the former, representing a 
small testiferous specimen, possibly be the apical portion of an example of the same species as the original 
of the latter, which is said to be an incomplete" cast of a large specimen"? In the rtrst place, the apical 
angle of la is about 50°, while that of Ie is only about 32°. So great a differenc', especially in a genus of 
shells in which the apical angle is unusually constant, almost certainly indicates specific variation. 
When we add that in corresponding parts of the two figures the one has four whorls where the other bas 
hilt three, we may well wonder how the fact has so long escaped observation. Both forms occur in Min
nesota, and our only difficulty has been to decide as to wbich is the better entitled to retain the name 
bellicincta. 

So far as known, neither occurs in any disvision of the Cincinnati period, and r)oth appear to be 
confined strictly to the Trenton proper. The larger form, however, seems to be the more common of the 
two and therefore probably the form that has been the more frequently referred to by authors. On the 
other hand, the smaller species precedes the larger on the plate, and, as the specimens figured of it are in 
a better state of preservation than the uther, it is reasonable to assume that they furnished the greater 
part of the characters brought out in Hall's description. We have therefore concluded to restrict the 
application of the name bellicinctn to forms of the type of Hall's figs. let and lb, and propose a new desig
nation for the species represented by his fig. Ie. 

Formation ana locality.-Not uncommon in the Trenton limestone in New York and Canada. In 
Minnesota we have collected a total of eleven specimens, all from the lower part of the Fusi~pira bed :tt 
various points in Goodhue county. 

Uollections.-E. O. Ulrich; W. H. Scofield. 

HORMOTOMA TRENTONENSIS, n. sp. 

PLA.TE LXX, FIGS. 13 and 14. 

Mw'chisonia bellicincta (part.) HALL, 1847, Pal. N. Y., vol. 1, pI. XXXIX, fig. Ie (not l(t-Iel)i OWEN, 1852, 
Geol. Rep. Wis., Iowa and Minn., pI. II, fig. 8 . 

. Murchisonia major WHITFIELD, 1882, Geol. Wis., vol. iv, p. 244, pl. IX, fig. 4 (not M. major HALL). 

Hight 30 to 100 mm., apical angle 32° to 37°, generally about 35°; volutions seven or eight, almost 
uniformly convex from suture to suture, not very closely wound, with the bight and width respectively as 
2 is to 3 or 3 to 5; band median, wide, fiat, the lurluhe very moderately curved; lines of growth regular, 
fine, somewhat thread-like, averaging about eight in 5 mm., with the usual backward curve; notch deep 
and wide; mouth greatly produced and turned backward below; inner lip thin, refiected, above partly 

covering a small umbilical perforation. 
This beautiful shell has been for many years confused with H. bellicillcta Hall sp. On the preceding 

page we give our reasons for restricting jlfurchisonia bellicincta to the smaller of the two species figured by 
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lHormotoma (1) major. 

Ball under that name. The course adopted having necessitated a new name for the larger form, we pro
pO'ie to call it trentoncnsis, since the species is one of the most characteristic fossils of the 'l'renton gronp. 
The respective peculiarities of the two species are perhaps sufficiently brought out by our carefully drawn 
illustrations on plate LXX. The principal differences are that the apical angle is considerably wider and 
the whorls relati vely much more depressed in H. bellicincta than in H. trentonensis. These differences, con
sidering that they are repeated with an unusual degree of constancy in specimen after specimen, and 
maintained from Vermont and Canada to Minnesota, surely deserve specific recognition. We ha\'e not 
seen the aperture of H. bellicincta entire, but in our judgment it is not so much produced below as in H. 
trentoncnsis. 

Several large species occur in the Trenton that are often extremely difficult to distinguish when, as 
almost invariably happens, nothing but casts of the interior are available; and when these are not good 
the task is in many cases hopeless. However, when some of the outer surface of the shell is preserved the 
difficulties vanish generally at once. Thus we have a form which we have identified with Hall's Murchi

sonia 1J!c(jor. The shell of this species is readily distinguished by the character of its suture, the upper 
part of the whorls, instead of sillking in gradually as in H. tTentonensis, being flattened and prolonged 
upward at the edge over the preceding whorl so as to form a kind of "enamelled" suture. In Manitoba 
there is another species (Whiteave3 has identified it with M. te1'etiformis lHllings) that, excepting that it 
grew to a much greater size (we have before us a specimen fully 8 inches in length), can scarcely be dis
tinguished without. the shell and surface markings. These show that the broad band lies lower on the 
whorl8 (its upper margin lies a trifle beneath the center), while the lines of growth are coarser and, especi
ally those coming from below, more decidedly inclined backward in their course to the band. Lophospira 

aug/lstinrt Billings sp. is another fossil that is likely to 1)e confounded with these species of Hormotoma by 
careless collectors, but the obtuse angulation of the whorls cannot escape the practised eye. 

FOrlwltion and lowlity.-While testiferous specimens of H. trentonensis are everywhere extremely 
rare, casts are common enough in the Trenton limestone of Oanada and New York. SpeCimens of any 
sorb are lare in Kentucky and Tennessee. In Minnesota the species occurs rather frequently in the 
Fusispira bed and occasionally in the Maclurea beel. When the strata are shaly the specimens are 
beneath the average in size. 

Collect-iolls.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 305. 

HORlIfOTOMA 0) MA.JOR Hall. 

PLATE LXXI, FIGS. 5-7. 

MUfchisonia nwJor HALL, 1851, Gool. Lake Superior Land District, vol. ii, p. 209. 
Not ]}f. ma.ior WIlITFIELD, 1882, Geol. Wis., vol. iv, p. 244, pI. IX, flg. 4. (=Ho1'motoma trentonensis 

of this wurk.) 

Shell large, 80 to 150 mm. in hight, rather slender, composed of about nine whorls; apical angle of 
first four or five turns, which are usually brol,en or dissolved away, about 37°, of the following four orftve 
only 25° to 27°. In a specimen having a maximum width of 65 mm., the last three whorls reach a hight 
of fully 110 mill., while the hight of the aperture, measuring from its lower extremity to the anterior end 
of the suture line, does nllt exceed 44 mm. In casts of the interior there is.a rather large umbilical per
foration, the whorls are distinctly separated by an intervening space, the upper edge of the whorls more 
or less sharply angular, anel their sides strongly convex in the lower and almost flat in the upper half. In 
the shell itself the umbilicus is very small, the suture shallow ap.d indistinct, the whorls of the spire but 
slightly convex in the lower and middle thirds and gently concave in the upper, the thin upper edge of 
each being turned upward so as to lap over a part of the convex base of the preceding whorl. Aperture 
angular above, only very moderately prod ueed below, on the whole sonlewhat rhomboidal in outline. 
Nutch deep and wide, the deepest part lying about midway between the extremities of the outer lip ur a 
little beneath the center. Neither the surface markings nor the band have been observed, but the latter 
judging from the apertural notch, must lie tut a short distance above the suture line. ' 
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Hall under that name. The course adopted having necessitated a new name for the larger form, we pro
pO'ie to call it trcntoncnsis, since the species is one of the most characteristic fossils of the 'l'renton group. 
The respective peculiarities of the two species are perhaps sufficiently brought out by our carefully drawn 
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seen the aperture of H. bellicincta entire, but in our judgment it is not so much produced below as in H. 
trentoncnsis. 

Several large species occur in the Trenton that are often extremely difficult to distinguish when, as 
almost invariably happens, nothing but casts of the interior are available; and when these are not good 
tbe task is in ruany cases hopeless. However, wben some of the outer surface of the shell is preserved the 
difficulties vanish generally at once. Thus we have a form which we have identified with Hall's Murchi

soni(~ major. The shell of this species is r8adily distinguished by the character of its suture, the upper 
part of the whorls, instead of sillking in gradually as in H. tTel1tol1ensis, being flattened and prolonged 
upward at the edge over the preceding whorl so as to form a kind of "enamelled" suture. In Manitoba 
there is another species (Whiteave3 has identified it with M. teretijormis lHllings) that, excepting that it 
grew to a mucb greater size (we have before us a specimen fully 8 inches in length), can scarcely be dis
tinguished without, the shell and surface markings. These ehow that the broad band lies lower on the 
whorle (its upper margin lies a trifle beneath the center), while the lines of growtb are coarser and, especi
ally those coming from below, more decidedly inclined backward in their course to the band. Lophospira 

ClUgllstill(t Billings sp. is another fossil that is likely to be confounded with these species of Hormotoma by 
careless collectors, but the obtuse angulation of the wborls cannot escape the practised eye. 

Fonwltion and lowlity.-While testiferous specimens of H. trentonensis are everywhere extremely 
rare, casts are common enough in the Trenton limestone of Oanada and New York. SpeCimens of any 
sort are lare in Kentucky and Tennessee. In Minnesota the species occurs rather frequently in the 
Fusispira bed and oc<.:asionally in tbe Maclurea bed. When the strata are shaly the specimens are 
beneath the average in size. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 
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only 25° to 27°. In a specimen having a maximum width of 55 mrn" the last three whorls reach a hight 
of fully 110 mm., whil8 the hight of the aperture, measuring from its lower extremity to the anterior end 
of the suture line, does nllt exceed 44 mm. In casts of the interior there is.a rather large umbilical per
foration, tbe whorls are distinctly separated by an intervening space, the upper edge of the whorls more 
or less sharply angular, anel their sides strongly convex in the lower and almost flat in the upper half. In 
the shell itself the umbilicus is very small, the suture sha.llow apd indistinct, the whorls of the spire but 
slightly convex in the lower anel middle thirds and gently concave in the upper, the thin upper edge of 
each being turned upward so as to lap over a P:J.ft of the convex base of the preceding whorl. Aperture 
angular above, only vcry moderately produced below, on the whole sonlewhat rhomboidal in outline. 
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little beneatb the center. Neither the surface markings nor the band have been observed, but the latter 
judging from the apertural notch, must lie tut a short distance above the suture line. ' 
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Concerning the identity of the species just described and Hall'~ Murchisonia mojo)", we can only say 
that after as careful an investigation as was possible without having- an opportunity of studying the orig
inal types, we are fairly well satisfied that our shells are really the same as the one figured by Hall. Very 
likely his original lot of specimens included other forms of these large shells, but if the present species is, 
as we believe, among them, then it would be well to retain the name l1w.i01· for it and throw nut the 
others. This Course is to be commended if only for the reason that it will greatly simplify matters in the 
way of synonomy. 

It is often asserted that H. rna.Jor is but a large form of H. uellicillcta, while Whiteaves would make 
it the same as Billings' M. teretiformis. However, and providing that we have correctly identified these 
speCieR, the totally different suture of H. mojor shows conclusively that it is not even closely related to 
either of the two other species mention'ld. 

The unusual character of the sutural region, which is well shown in our Jig. 7, is of itself sufficient 
to distingui.,h this shell from all associated gastropods. Casts are separated from those of H. trenlonensis 

by their narrower apical angle (taking the whole shell into consideration), by the less uniform convexi ty 
of the whorls, and the rectangular instead of rounded junction of the upper and outer sides of the whorls. 
The last difference is very striking when transverse sections of the whorls are compared. The lower 
extremity of tbe moutb also is much less produced and therefore blunter. Casts of Lophospira augustina 
Billings sp., are sometimes found in the same layers witb H. rlwjor, but the wider apical angle and 
obtusely angulated whorls of the former renders confusion in this case highly improbable. If perfect 
shells of these various species could be compared, we are convinced that the merest t.yro in the science 
would separate them at once . 

.Formation and wcality.-Thougb widely distributed, this species appears not to be abundant at any 
locality. It is restricted to the Trenton group, and in Minnesota occur:;; in both the Fusispira and Mac
lurea beds at Lime City, Stewartsville, Mantorville, Hader, and other localities. The original types were 
obtained in Wisconsin, and the species is said to occur at many points in that state. Good casts ba ve 
been found in Pike county, Missouri. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, Nos. 7345, 7485, 7842. 

Genus C(ELOCAULUS, (Ehlert. 

Murchisonia (part.) of LINDSTl{OM, BILLINGS, and other authors. 
Coowcaulus CEHLERT (as subgenus of Munhisonia), 1888, Extr. Bull. Soc. d'Etud. Scientif. d'Angers, 

p.20. 

For generic characters see page 959. The date of this genus should be 1888 

instead of 1887. 
This type of shells is not as closely related to Hormoiotn(( as may appear on a 

hasty comparison. To the practised eye there is something peculiar about their 

general aspect that at once causes them to be set aside as a group by themselves. 

With few exceptions they are all very slender many-whorled shells, with a contin

uous narrow umbilical perforation, the inner lip straight and the lower angle of the 

aperture comparatively very little produced. The whorls are depressed, in two 

instances our (C. neglect us and C. barroisi (Ehlert) probably not more than twelve in 

number, generally exceeding fifteen, and in some cases a8 many as thirty. The 

band in all observed cases is wide aud flat and lies beneath the middle of the whorls 

of the spire. In at least some of the species a considerable number of the apical 

whorl~ are filled with an organic depo3it. 
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lurea beds at Lime City, Stewartsville, Mantorville, Hader, and other localities. The original t.ypes were 
obtained in Wisconsin, and the species is said to occur at many points in tbat state. Good casts ha\'e 
been found in Pike county, Missouri. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, Nos. 7345, 7485, 7842. 

Genus CCELOCAULUS, CEhlert. 

MurchisQnia (part.) of LINDST!{OM, BILLINGS, and other authors. 
Coolocaulus CEHLERT (as subgenus of MUTchisonia), 1888, Extr. Bull. Soc. d'Etud. Scientif. d'Angers, 

p.20. 

For generic characters see page 959. The date of this genus should be 1888 

instead of 1887. 
This type of shells is not as closely related to Hormototn!{ as may appear on a 

hasty comparison. To the practised eye there is something peculiar about their 

general aspect that at once causes them to be set aside as a group by themselves. 

With few exceptions they are all very slender many-whorled shells, with a contin

uous narrow umbilical perforation, the inner lip straight and the lower angle of the 

aperture comparatively very little produced. The whorls are depressed, in two 

instances our (C. neglectus and C. barroisi CEhlert) probably not more than twelve in 

-Dum ber, generally exceeding fifteen, and in some cases a8 many as thirty. The 

band in all observed cases is wide and flat and lies beneath the middle of the whorls 

of the spire. In at least so~e of the species a considerable number of the apical 

whorl3 are filled with an organic depo3it. 
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Species whose known characters are in accord with this diagnosis of Cmlocaulus 

occur in most of the principal formations from the Calciferous on to well up into 

the Devonian system. Of these Murchisonia linearis Billings, is the oldest. Then 

followed our C. mhlerti and C. neglectus, hoth Trenton forms, M. compressa Lindstrom, 

from Upper Silurian strata in Gothland, M. bivittata, M. longispira, M. logani and 

M. turritifonnis, four Guelph species described by Hall, and C. davidsoni, C. barroisi 

and C. prow'us, three species described from the Davonian of France by <Ehlert. 

And there are others which probably belong here, but they are as yet too little 

known to justify their removal to Cmlocaulus. However, without them, the ten 

species mentioned make a sufficiently respectable showing to establish the genus In 

the classification of the Paleozoic Gastropoda. 

C<ELOCAULUS <EHLERTI, 11. sp. 

PLATE LXX, FIGS. 61-63. 

This species is known only from fragmentary casts of the interior, but as it is an interesting and 
striking form we deem it well worth a description. The apical angle is about 12°, and, if the taper of the 
spire is uniform an entire specimen must consist of at least thirty whorls, and have a length of about 
60 mm. The largest specimen, havlDg a maximum diameter of 12 mm., has eight whorls in a length of 
30 mm.; another,9 mm. in diameter, has twel ve whorls in the same distance. The hight of the whorls is 
to their wilth as 2 is to 5 or 3 to 8. The whorls are very little sp.parated and decidedly convex in casts 
but in the shell itself, which evidently was very thin except at the sutures, the convexity must be consid
erably less. Transverse section of whorls rounded quadranglar. Band and surface markings not observed, 
probably obscure, since no trace of them is visible on a mould of the exterior. 

We know of no other shell in the Lower Silurian deposits of the Mississippi valley that could for a 
moment be confounded with O. mhleTti. The next species is smaller and has a much wider apical angle, 
with fewer whorls. 

Formation and locality.-A rare fossil of the Trenton group (Galena limestone), and so far known 
only from Jo Daviess county, Illinois. 

Oollection.-E. O. Ulrich. 

C<ELOCAULUS NEGLECTlTS, n. Sp. 

PLATE LXXXII, FIGS. 29-31. 

Hight about 18 mm., apical angle llbout 25°. The only specimen seen is a slightly distorted cast of 
the interior, consisting of only fuur whorls, the uppermost. of which has an obtusely rounded termination, 
indicating that the apical whorls were filled with an organiC deposit. These four whorls have a hight of 
about 12 mill., the last a diameter of 7 mm., the first of about 3 mm. The whorls are rounded in trans
vc'rse section, the sutures deep, the umbilical perforation small, yet very obvious. 

This small species might be confused with Honnotoma sulJangulata or with certain varieties of H. 
gracilis, but· if the observer will bear in mind that the umbilicus is very small and quite inconspicuous in 
casts even of those shells, that their whorls are not so much depressed nor subcircular in section, and that 
the upper t,urns are never lacking except through accident, he should not have much trouble in disting 
uishing the Owloeaulus. 

Formritio/t ((nd locality.-Clitambonites bed of the Trenton group, near Cannon Falls, Minnesota. 
OulleclioH.-E. O. Ulrich. 
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This species is known only from fragmentary casts of the interior, but as it is an interesting and 

striking form we deem it well worth a description. The apical angle is about 12°, and, if the taper of the 

spire is uniform an entire specimen must consist of at least thirty whorls, and have a length of about 
60 mm. The largest specimen, havtng a maximum diameter of 12 mm., has eight whorls in a length of 

30 rum.; another,9 mm. in diameter, has twel ve whorls in the same distance. The hight of the whorls is 

to their wilth as 2 is to 5 or 3 to 8. The whorls are very little sp.parated and decidedly convex in casts 

but in the shell itself, which evidently was very thin except at the sutures, the convexity must be consid

erably less. Transverse section of whorls rounded quadranglar. Band and surface markings Dot observed, 
probably obscure, since no trace of them is visible on a mould of the exterior. 

We know of no other shell in the Lower Silurian depOSits of the Mississippi valley that could for a 

moment be confounded with C. (ehlerti. The next species is smaller and has a much wider apical angle, 
with fewer whorls. 

Formation amI locality.-A rare fossil of the Trenton group (Galena limestone), and so far known 
only from Jo Daviess county, Illinois. 

Collectioll.-E. O. Ulrich. 

CCELOCAULUS NEGLECTVS, n. Sp. 
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Hight about 18 rum., apical angle about 25°. The only specimen seen is a slightly distorted cast of 

the interior, consisting of only four whorls, the uppermost· of which has an obtusely rounded 1iermination, 

indicating that the apical whorls were filled with an organiC deposit. These four whorls have a hight of 
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gracilis, but. if the observer will bear in mind that the umbilicus is very small and quite inconspicuous in 
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uishing the Cwlocaulus. 
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CI)Uecliolt.-E. O. Ulrich. 
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GAS'l'ROPODA. 

Genus SOLENOSPIRA, n. gen. 

Eunerna (part.) of SALTEl~ and BILLINGS. 

MUl'chisonia (part.) of WHITFIELD and other author> . 

. For generic characters see page 959. 

1021 

This is a long-lived group of species that can always be recognized by the broad 

saliently margined concave band which occupies the greater part of the middle 

third of the whorls. In their general appearance they remind one of Turritellidce 

rather than pleurotomaroids, and so far as we can see there is no serious objection 

to considering them as the ancestors of that graceful family of shells. 

So far as known the notch or sinus in the outer lip was never prolonged into 

a slit. This of itself is a suspicious circumstance when we consider the usual 

progress of development pertaining to nearly all of the various types of the 

Pleurotomariidce. -=- The proportionally great width of the band, together with the 

fact that its transverse markings are of the same character as the fine recurved 

lines of growth-indeed they are mere connecting continuations of them-strength

ens this suspicion almost to conviction that Solenospim represents the root of a line 

of development that later on (in Carboniferous and subsequent times) diverged 

widely from ordinary pleurotomarians. And what family is a more likely continu

ation of the line than the Turritellidce~ 

We place the genus with the Pleurotomariidce, in the immediate vicinity of 

Hormotoma, chiefly because we know of no other stock from which it might have 

been derived. The depth of the apertural sinus and the fact that its deepest part is 

marked off in such a manner that with continued growth of the shell it formed a 

sharply margined spiral band, are both highly characteristic conditions of the 

Pleurotomariidce, while the features mentioned in the preceding paragraph are such 

only as might very well have occurred in the separation of a line culminating in 

Turritella. 

The oldest of the species which we place here is the Eunerna prisca Billings of 

the Calciferous formation of Canada. An apparently undistinguishable form, 

occurring in the Stones River group in Minnesota, Wisconsin, Illinois and Tennessee, 

is described and figured in this work. The Quebec group furnishes two other 

; )} cbs, ]!urchisonia adelina and M. missisquoi of Billings. The latter of these two 

species possibly may, when better known, prove to have other affinities. In the 

Black River group we have the type of the genus, Eunema ? pagoda Salter. We 

know of no other good representatives of the genus, in American deposits, at 

any rate, until we reach the Hamilton group, from which Hall has described one as 

Murchisonia turricula or as it is now known, M. micula, the specific name having , 
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So far as known the notch or sinus in the outer lip was never prolonged into 
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progress of development pertaining to nearly all of the various types of the 
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fact that its transverse markings are of the same character as the fine recurved 

lines of growth-indeed they are mere connecting continuations of them-strength

ens this suspicion almost to conviction that Solenospim represents the root of a line 
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widely from ordinary pleurotomarians. And what family is a more likely continu

ation of the line than the Turritellida? ~ 

We place the genus with the Pleurotomariidce, in the immediate vicinity of 

Hormotoma, chiefly because we know of no other stock from which it might have 

been derived. The depth of the apertural sinus and the fact that its deepest part is 

marked off in such a manner that with continued growth of the shell it formed a 

sbarply margined spiral band, are both highly characteriRtic conditions of the 

Pleurotomariidce, while the features mentioned in the preceding paragraph are such 

only as might very well have occurred in the separation of a line culminating in 
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The oldest of the species which we place here is the Eunema prisca Billings of 

the Calciferous formation of Canada. An apparently undistinguishable form, 

occurring in the Stones River group in Minnesota, Wisconsin, Illinois and Tennessee, 

is described and figured in this work. The Quebec group furnishes two otber 

; )) Ci3S, ~Murchisonia adelina and M. missisquoi of Billings. The latter of these two 

specieR possibly may, when better known, prove to have other affinities. In the 

Black River group we have the type of the genus, Eunema ? pagoda Salter. We 

know of no other good representatives of the genus, in American deposits, at 

any rate, until we reach the Hamilton group, from which Hall has described one as 

Murchisonia turricula, or as it is now known, M. micula, the specific name having 
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been changed because the first had been used previously under Murchisonia. The 

next American species occur in the St. Louis group of the Subcarboniferous system, 

from which Hall has described three species, .ill. attenuata, M. turritetla and M. 
vermicula, every known character of which allies them with Solenospira. Of Euro

pean species probably belonging here, we may mention the Devonian M. tricincta 

d' Arch. and Vern., and the Carboniferous M. quadricarinata McCoy, M. larcomi 

McCoy, M. gracilis Goldf., and M. nana and M. tenuis of DeKoninck. There are some 

new species also, and no doubt others have been described, but it is difficult to 

decide from illustrations alone whether they belong here or not. Some of the latter 

having more than four revolving carinre may belong to Aclisina. 

SOLENOSPIRA PRISCA Billings. 

PLATE LXX. FIGS. 02-55. 

Eunemaprisca BILLINGS, 1859, Can. Nat. and Geol., vol. iv, p. 360. 
Murchisonia (Eunema?) pagoda WHITFIELD, 1883, Geol. of Wis., vol. iv, p. 218. (Not Eunema? pagoda 

SALTEH.) 

We have eight more or less imperfect specimens, three of them casts, the rest testiferous, one from 
Minneapolis, two from Wisconsin, three from Dixon, Illinois, and two from Murfreesboro, Tennessee, of 
a species of this genus, that after repeated efforts we have failed to distinguish from the Calciferous shell 
which Billings called Ellnema prisw. In all these specimens, the largest indicating a total length of 
between 40 and 50 mill., the apical angle is constantly about 14°. Our figures 53 and 55 (Plate LXX) are 
so clear and satisfactory that a detailed description is unnecessary. Besides these we have another lot of 
seven specimens that is not exactl r like the first lot. The specimens of the second lot, namely, while 
agreeing precisely with the northwestern form as far down the spire as the eighth or tenth whorl, from 
here on reduce the apical angle to only about 10°. At the same time the relative hight, of the whorls is 
increased. These peculiarities are shown very well in figures 52 and 54. If a subordinate name is desired 
for this peculiar Tennessee form, it may be called var. extentwta. 

Compared with 8. pagolZa Salter sp., the only difference of any consequence is that while each whorl 
in that shell has four carinm-two in th ~ middle, one below and one above, the latter two being almost in 
contact at the suture-So prisca has but three, the upper one being absent, while the lower one is visible 
on the base of the last whorl only. 

Formation and locality.-Billings' types came from the "Oalciferous sandrock, Mingan Islands." The 
specimens used by us are all from the Stones River group at the localities mentiuned above. 

CollecUon.-E. O. Ulrich. 

SOLENOSPIRA PAGODA Salter. 

PLATE LXX, FIGS. 56-60. 

Ellnema? ]Jagoda SALTER, 1859, Canadian Organic Remains, Dec. 1. p. 30, pI. VII, fig. 5. 
Not Murchisonict (Elmenw?1 pagoda WHITFIELD, 1883, Geology of Wisconsin, vol. iv, p. 218. (=Soleno· 

spim prisw BILLINGS sp.) 

Hight generally 25 to 30 mm, probably not exceeding 40 mm. ; apical angle 14? or 15°; volutions ten 
to fifteen, furnished each with two pr'Jll1ioent keels which divide the surface into three approximately 
equal concave spaces or furrows; a third but smaller carina above at the sutural edge, while a fourth is 
visible generally only on the base of the body whorl; surface markings, aside from the strong revolving 
keels, consisting of extremely fine lines of growth which are directed rather strongly backward fro)ll both 
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above and below to the median keels, passing apparently over these and then across the concave central 
space with a slight backward curvature (see fig. 56, pI. LXX); aperture subquadrate, very slightly pro
duced below; umbilical perforation extremely minute or wanting. 

The small carina just beneath the suture line distinguishes thi:,; species from S lJ'risca. 

If Salter's figure (loc. cit) is correct, then the Canadian types of the species must have a wider apical 
angle than the Minnesota and Wisconsin specimens above describ,·d. The angle of the illustration in 
question is about 22°, while it is not over 15° in our examples. We are, however, inclined to doubt the 
accuracy of the Canadian illustration, especially since Billings, after giving the apical angle of his Et!nema 

pl'isca at "about 12°," says that his specie'> is disting-uished from .E. pago(la only by the dbsence of the 
upper carina. 

Formation and locality.-Black River group, Pauquettes rapiclll, Ottawa ri ver, Canada; Phylloporina 
bed, near Cannon Falls, Minnesota; "Upper Buff limestone," near Beloit. Wisconsin. 

Oollections.-University of Wisconsin; E. O. Ulrich. 

Family EUOMPHALIDJE. 

This important family, according to our opinion, is to be viewed as an off-shoot 

from the same early type in which both the Raphistomid(e and Pleurotomariidce also 

originated. It is to be expected, therefore, that, although some of the earliest forms 

of the family underwent very rapid and strongly marked changes, the majority are 

decidedly like their contemporaneous cousins. For the same reason it is evident 

that for some of the "majority" it is difficult to decide whether they had best be 

regarded as Euomphalidw or as members of one of the other families. With our 

present limited knowledge of their progenitors, it is perhaps impossible to arrive at 

positive conclusions. 

Already in the Calciferous and Quebec groups, which contain the earliest fully 

known representatives of the present subclass, we find unequivocal members of 

the family. Of them we may mention Eccyliomphalus intortus, distans and canadensis 

of Billings, E. (Caularops) lituiformis Whitfield, Straparollus quebecensis Billings, and 

Euomphalus calciferus Whitfield. The Eccyliomphali are clearly of the line of 

development which found its continuance in E. angelini Lindstrom, of the Swedish 

Lower Silurian, E. undulatus Hall, of the Stones River group, and our Trenton 

species, E. subrotundus; and possibly its culmination in the Upper Silurian shells 

from the island of Gothland, described by Lindstrom as Euomphalus triquetl'us and 

E. gotlandicus.* Concerning this line of development., we are fully convinced that 

it stands in only very remote genetic relationship to the large group of Upper 

Silurian Carboniferous species which is typified by Euomphalus pentangulatus, the 

derivation of the latter group from the equally ancient types of Ophileta, being, as 

we shall show presently, very easily demonstrated. 
The immediate progenitor of the Calciferous Eccyliomphali, we conceive to 

have been a form like our Ec. contiguus with contiguous, though perhaps narrower, 

.. Walcott's ECC'//Ziomphalus devonicus (Monog. U. S. Geol. Sur., vol. viii, p. 187; 1885) may represent a continuation of this 
type, but his specimen is so imperfect tha.t it is impossible to arrive at satisfactory conclusions respecting it. 
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whorls, rounded or obtusely angular upon the upper side, the angle marking the 

bottom of a broad sinus in the lip; the first departure from this type consisted In the 

loosening and straightening of the last whorl (Eccyliomphalus, or as Whitfield would 

have it, Caularops canadensis Bill. sp.); next all the volutions became disjoined as in 

Ec. intortl~s and the later Ec. undulatus. We have no evidence to show that one or 

the other of these stages was not strictly maintained as a specific peculiarity by 

each of the early forms-it certainly was so with the Trenton species-but, accord

ing to Lindstrom, the whorls in his E. gotlandicus vary from closely coiled to perfectly 

evo]ute. All these species have a broad sinus in the upper lip and, so far as traced, 

we have found no evidence to show that the later (Devonian and Carboniferous) 

shells commonly referred to Straparollus (i. e. euomphaloid shells having rounded 

whorls and nearly or quite straight transverse lines of growth) were developed from 

them. On the contrary Straparollus or Strapm'ollus-like shellsDseem to us to have 

been evolved probably at several successive times from true Euomphali. Still, we 

are not prepared to say that some of them may not have been derived from the 

Lower Silurian species which I3i1lings called Stmparollina. However, though with 

nothing but Billings' figures to base our judgment upon, we are strongly inclined to 

regard Stmparollina as closely related to Holopea and consequently as widely distinct 

from the Euomphalidce. 

In our opinion, therefore, Eccyliomphalus, as this genus is defined and used by 

most American authors, deserves recognition as a well-ma.rked and limited generic 

group, principally because it represents a distinct line of development. Phanerotinu8 

Sowerby, which is similar in habit and sometimes considered as synonymous, is 

founded upon evolute Straparollus-Euomphali of the Devonian and Carboniferous 

rocks. As now used the genus is not a natural group, but it may well be retained, 

provisionally at least, as a designation of convenience for those Euomphali having 

rounded and more or less widely disjoined volutions and no apertural sinus. In 

America only three species fulfill these requirements, viz.: P. parodoxus Winchell 

(Burlington group), and P. ebomcensis (Hamilton group),and P. laxus (Corniferous 

group) of Hall. The second is peculiar because its shell attaches to itself foreign 

objects. Eccyliomphalus undulatus Hall had a similar habit, and its frequent 

occurrence in several European Devonian Euomphalidce has been observed by 

Deslongcbamp8, Koken and others, and quite recently has led Kayser to propose tbe 

new generic term Philoxene (Zeitschr. d. deutsch.- geol. Gesellsch., Jahrg. 1889.) 

This peculiar feature reminds one of the recent genus Phorus, but we agree ;fully 

with Hall and Koken in attaching very little significance to its presence [in these 
otherwise clearly Euompbaloid shells. 

As far as we can go back in geological history, the developmental line of 
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Euomphalus began in Ophileta. Typically, this genus is probably restricted to rocks 

of the age of the Calciferous, and consists of discoidal shells, with the spire concave 

and the base nearly flat. The whorls are narrow, in contact, all exposed, and flat

tened or gently convex beneath, angular at the lower part of the slightly convex or 

flattened periphery and more sharply angular on the upper side. The anterior 

extremity of the upper keel marks the bottom of a deep> -shaped apertural sinus 

or notch. The keel itself is homologous with the slit-band of the Pleurotomariidce 

though of more simple structure. The outer lip extends forward a trifle farther or 

about as far as the innermost part of the upper, while the lower on the whole is 

nearly direct though slightly insinuated in the outer half. 

From the typical forms of the genus like O. complanata we pass by rather easy 

gradations through forms like O. ? bella Billings and Euomphalus uniangulatus Hall, 

to Helicotoma, Salter, the change consisting in the raising of the spire till it projected 

slightly above the level of the last volution, in the deepening of the umbilicus and in 

the rounding of the outer and lower sides of the whorls. The course of the lines of 

growth and the >-shaped notch at the end of the upper carina remain about the 

same. But it is not from fully developed Helicotoma, which continued as an inde

pendent genus to the close of the Lower Silurian, that the later Euomphali were 

evolved. In our opinion they were derived from a second branch of the Calciferous 

uniangulatus section of Ophileta, the first resulting in Helicotoma, the farther develop

ment of which tended toward the early pleurotomarian rather than the euomphaloid 

type of structure. In Helicotoma, namely, the upper carina becomes very much like 

a slit-band, and that is precisely the opposite of what was necessary to produce an 

Euomphalus, in which the apertural notch is reduced to the minimum. 

Now, if the student will compare species like O. bella Billings, O. (Eu.) uniangu

latus Hall, Eu. obtusangulus Lindstrom, E. prcecursor Lindstrom and E. walmstedi 

Lindstrom, the last two Upper Silurian species, we think he will be prepared to 

admit the correctness of our views, since with our present knowledge it is quite out 

of the question to arrange the last of the species mentioned in any other position 

than in the immediate vicinity of the original Carboniferous types of Euornphalus. 

During Devonian times a side branch from Euomphalus, for the best species of 

which Hall proposed the generic name Pleur~notus, became very abundant in 

individuals if not in species also. It is interesting to note that Pleuronotus represents 

a very striking return to characters pertaining to Ophileta, there being the same flat 

base, carinate upper side, and deep apertural notch which previously had been the 

main characteristics of that primitive genus. It might be contended that Ophileta 

enjoyed a continuous existence from the Calciferous to the Devonian and that 
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Plettronotlls therefore is really nothing more than a continuation of the original 

type. Such a view, however, is rendered untenable, so far as negative evidence can 

do so, by the fact that we have no knowledge whatever of the presence of the Ophileta 

type in the rocks lying between the base of the Trenton and the top of the Upper 

Silurian. Pleuronotus appears to have diverged rather suddenly during early 

Devonian times from the true Euomphalus line, but we do not now feel justified 

in designating the particular species which gave it origin. As to the length of time 

that it existed, we are inclined to believe that it became extinct before the close of 

the Devonian. 
Following the development of Euomphalus into the Carboniferous rocks we find 

three types of shells: one, including E. sllbru,qosus M. and W., E. subquadratus M. and 

W., and others, in which the spire is concave, the volutions quadrangular in section, 

and the upper and lower boundaries of the broad, nearly vertical and flat or gently 

convex periphery are marked by more or less sharp angles over which the lines of 

growth pass without being much recurved. On the peripheral side these lines 

are straighter than. usual, and sometimes even curved very slightly backward. This 

group reminds one greatly of the .Jurassic Discohelix, and probably is to be viewed as 

the stock from which that genus sprang. The second group includes the original 

types of the genus, E. pentan,qulatus and E. catillus of Sowerby, and a number of 

other European species whose volutions have an upper and usually also a lower keel 

or angulation, with the periphery, on which the growth lines are more or less bowed 

forward, strongly convex, and the spire flat or concave. A slight sinus in the upper 

lip is common. In its typical expression this group is unknown to us in American 

deposits save through a single small species from the Upper Carboniferous of 

Missouri, which seems to be new. The third group on the other hand is well repre

sented here, we being acquainted with, besides several undescribed forms, the 

following five species: E. latus Hall, Burlington gr., E. similis Meek and Worthen, 

St. Louis gr., E. planidorsatus M. and W., and E. subumbilicatus Worthen, Chester gr., 

and E. ulnbilicatus M. and W., Coal Meas. In all these shells the spire rises above 

the plane of the last volution, and in some of them to an unusual extent. The whorls 

are rounded on the outer and sometimes also on the lower side, but generally the 

boundary of the umbilicus is angular. The upper keel is always present and situated 

much nearer the periphery than the suture; between the latter and the keel the 

surface is flat or gently concave. The general aspect of the shells is greatly like 

that of the prevailing forms of the Lower Silurian genus Helicotoma. In some this 

resemblance extends even to the possession of a number of obscure revolving lines on 

the peripheral region like those seen in H. planulata. There is, however, a very 

decided difference in the course of the lines of growth marking the surface of the outer 
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W., and others, in which the spire is concave, the volutions quadrangular in section, 
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growth pass without being much recurved. On the peripheral side these lines 

are straighter than. usual, and sometimes even curved very slightly backward. This 

group reminds one greatly of the ,J uras~ic Discohelix, and probably is to be viewed as 

the stock from which that genus sprang. The second group includes the original 

types of the genus, E. pentangulatus and E. catillus of Sowerby, and a number of 

other European species whose volutions have an upper and usually also a lower keel 

or angulation, with the periphery, on which the growth lines are more or less bowed 

forward, strongly convex, and the spire fiat or concave. A slight sinus in the upper 

lip is common. In its typical expression this group is unknown to us in American 
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Missouri, which seems to be new. The third group on the other hand is well repre

sented here, we being acquainted with, besides several undescribed forms, the 

following five species: E. latus Hall, Burlington gr., E. similis Meek and Worthen, 

St. Louis gr., E. planidorsatus M. and W., and E. subumbilicatus Worthen, Chester gr., 
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that of the prevailing forms of the Lower Silurian genus Helicotoma. In some this 
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the peripheral region like those seen in H. planulata. There is, however, a very 

decided difference in the course of the lines of growth marking the surface of the outer 
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layer. Thus, while the upper keel terminates anteriorly in a deep notch and the 

growth lines curve backward strongly both from above and below in approaching 

the keel in Helicotoma, they pass almost directly across the whorls in these Euomphali. 

In passing over the keel they are but little, if at all, deflected, but a broad backward 

sweep on the lower side of the whorls·produces a slight obliquity of the aperture. 

In stating the differences in the direction of the lines of growth of the Carbon

iferous and Lower Silurian shells just compared, we were careful to say, "the 

surface of the outer layer," because we have reason to believe that the markings of 

the inner layer are not the same as those of the outer. We have before us a 

remarkable specimen of an undescribed Euotnphalus from the oolitic limestone of 

the Upper Coal Measures at Kansas City, Missouri. The species is closely related 

to and perhaps not specifically distinguishable from the Chester group shell to which 

Meek and Worthen have given the name E. planidorsafus. There is no doubt then 

about its genetic relations. The specimen in question has the external layer of the 

shell peeled off in patches so as to expose the inner layer. Both layers show lines 

of growth very distinctly, and it was in comparing their respective directions in the 

region of the upper keel that we met with a surprise. On the outer layer, namely, 

the strim pass almost straight from the suture to the keel, beyond which they turn 

first very gently forward and then more strongly backward into the broad basal 

sinus. The inner layer seems to be composed of short overlapping lamime, the 

edges of which impressed themselves upon the internal cast as closely arranged 

parallel grooves. The latter, instead of being direct like the lines of the outer layer, 

curve backward strongly in passing over the region of the keel, thus indicating a 

very decided> -shaped notch in the lip, which must, however, have been confined 

to the inner layer of the shell. Immediately beneath the keel the test is thick 

enough to produce a faintly concave instead of convex band on the interior cast. 

'After seeing this specimen, the important question arises, do not the same 

conditions pertain to all the similarly carinate Euomphali ~ Unfortunately we have 

no positive data bearing upon the question, although we have seen specimens of 

other species in a similar state of preservation; but the specimen described is the 

only one showing any sign of transverse markings on the inner surface of the shell, 

the casts in every other instance being quite smooth. Still, the Kansas City speci

men proves that a notched aperture may really exist in species of Euomphalus 

exhibiting no external sign of its presence, and this fact is, to say the least, worthy 

of being remembered. 
In addition to the euomphaloid types discussed on the foregoing pages, we 

distinguish three others, two of them under new names, the third described and 

named Eccyliopteru8 by Remele. 
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Ophiletina is a new generic or subgeneric name proposed by us for the reception 

of two or three peculiar yet obviously euomphaloid shells occurring in the Stones 

River, Black River and Trenton groups in Minnesota and elsewhere. Compared with 

other types of the family, we find that they resemble certain Carboniferous species 

of Euomphalus (the E. subquadmtus section) more closely than any others found in 

Paleozoic rocks. Nearer even .than these is a Triassic species which Koken figures 

and describes as E. cassianus, (op. cit., p. 416). Now, we consider it quite out of the 

question that either the Carboniferous or the Triassic species are descended from 

the Lower Silurian shells under consideration. What we do believe is that Ophiletina 

is a rapidly evolved side branch from Ophileta that became extinct before or with 

the close of the Lower Silurian age. The principal reason for this opinion lies in 

the fact that no shell of this type is known from the Upper Silurian, nor from the 

Devonian, unless Pleuronottts be so considered. The latter, however, is more like 

Oplzileta than Ophiletina. 

Hisingeria is proposed for the reception of Inachus planorb·ts His., a well known 

fossil of the Upper Silurian strata of the island of Gotland, that, since 1828, when 

Hisinger first identified it with Wahlenberg's Turb'inites centrifugus, has been referred 

to under no less than seven different generic names. Until the appearance of 

Lindstrom's grand work on the" Gastropoda of Gotland," in which it is referred to 

Pleurotomaria, most authors called it an Euomphalus. In 1837 Hisinger proposed 

the generic name Inachus for it, but as this had been used many years before by 

Fabricius, it could not be retained.* Believing that Hisinger was fully justified in 

separating his species planorbis (or sulcatzts, as he often called it) from previously 

established genera, it seems to us only a just recognition of his acumen to substitute , 
Hisingeria for his Inacltus. We may add that Koken (op. cit., p. 419) also regards the 

species planorbis as "the representative of an independent genus." 

Hisingeria planorbis is most certainly not a true Pleurotomaria, nor is it, if our 

views are correct, even a member of that family. Lindstrom admits that there are 

"some features which remind of Euomphalus." We should say many instead of 

some, and add that we have not found a single character that may be justly set 

against them. That Hisingeria has a deeply notched aperture and a kind of slit

band is no more indicative of pleurotomarian than euomphaloid affinities, and when 

we consider that the detail of the band, together with every other feature of the 

shell, is more in accordance with the latter than the former, a little surprise at Dr. 

Lindstrom's positive reference of H. planorbis to Pleurotomaria may be pardoned. 

The form of the shell is decidedly euomphaloid, as is also the position of the band on 

• It seems that DeKooinck (Faune OarbOllif .. 188L) intended to replace lnaehu8, Risinger, with PoZutropts, but as he 
mentions Ettomphrtl1l8 discOTS SOlVerby. as tbe t_vpical speCies, which is at Jaast generically distinct from lnacnus IlUlcatUs 
I jJla.nmNs), it is evident tb"t Iii8illycri(f. (j JCS not conflict with Fo!ytropis. 
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the upper side of the whorls, the band, in low-spired pleurotomarians, being almost 

invariably situated on the periphery. Again, the rounded character of the whorls 

of the interior casts, which neces'3itated a strong deposit of shell beneath the 

external keels, the lower especially, recalls a common condition among species of 

Ophileta, Euomphalus and Pleuronotus, but not of any of the Pleuroiomari1'dw. 

According ~o our view, Hisingeria is a strongly marked descendant of the 

Helicotoma or Ophileta type. Though the general aspect is widely different, the real 

differences are not so great as they appear on first sight, and, what is more important, 

they are rather easily accounted for. In Hisin,qeria the slit-band or keel has been 

reduced in prominence and moved inward from the outer edge of the upper side of 

the whorl to near the suture line, while the revolving striffi, which as a rule are but 

ill developed in Helicotoma,' have been strengthened and the outer basal angle 

somewhat extravagantly thickened. The last feature is perhaps the most striking 

peculiarity when compared with, for instance, Helicotoma planulata Salter, but in our 

H. subquadrata the outer basal angle is somewhat prominent, while in our H. 

marginata, a new species from the extreme top of the Lower Silurian, a similar 

feature is even more abruptly developed. Still, we doubt very much that the latter 

is in any wise an ancestor of Hisingeria planorbis, the real line of descent from 

Ophileta being, in our opinion, as yet undiscovered or unrecognized as such. 

Eccyliopterus, Remele, which we place in this family, has already been discussed 

in connection with Raphistoma on pages 935 to 938. The genus i8 a good one and 

includes shells with contiguous whorls similar in most respects to those of Helieo

toma, and others in which they are more or less completely disconnected. The 

latter have usually been confounded with Eecyliomphalus, but as we have endeavored 

to show, the true position of the genus is nearer Ophileta and Helicotoma than 

Eccyliomphalus. The distinguishing character of Eccyliopterus lies in the remarkable 

development of the upper keel which projects beyond the surface of the whorls like 

a high collar. 

Genus OPHILETIN A, n. gen. 

For remarks on this genus see page 1028. 
Only two or possibly three small species of this interesting genus are known. 

In these the whorls are rather slender, contiguous or partly free, coiled almost in 

the same plane, and either hexagonal or subquadrate in section. On the upper side 

and forming the outer edge there is a sharply elevated convex-or fiat-topped-ridge 

which looks very much like a true slit-ba.nd, being covered with strongly recurved 

lines (lunulre) and terminating anteriorly in a well-marked notch. On the vertical 

Quter side the lines· of growth are bowed forward in the middle, on the lower side 

GASTROPODA. 1029 
Ophlletina.] 

the upper side of the whorls, the band, in low-spired pleurotomarians, being almost 

invariably situated on the periphery. Again, the rounded character of the whorls 

of the interior casts, which neces"litated a strong deposit of shell beneath the 

external keels, the lower especially, recalls a common condition among species of 

Ophileta, Euomphalus and Pleuronotus, but not of any of the Pleuro[omari?·dw. 

According ~o our view, Hisingeria is a strongly marked descendant of the 

Helicotoma or Ophileta type. Though the general aspect is widely different, the real 

differences are not so great as they appear on first sight, and, what is more important, 

they are rather easily accounted for. In Hisin,qeria the slit-band or keel has been 

reduced in prominence and mov'ed inward from the outer edge of the upper side of 

the whorl to near the suture line, while the revolving strim, which as a rule are but 

ill developed in Helicotoma,' have been strengthened and the outer basal angle 

somewhat extravagantly thickened_ The last feature is perhaps the most striking 

peculiarity when compared with, for instance, Helicotoma planulata Salter, but in our 

H. subquadrata the outer basal angle is somewhat prominent, while in our H. 

marginata, a new species from the extreme top of the Lower Silurian, a similar 

feature is even more abruptly developed. Still, we doubt very much that the latter 

is in any wise an ancestor of Hisingeria planorbis, the real line of descent from 

Ophileta being, in our opinion, as yet undiscovered or unrecognized as such. 

Eccyliopterus, Remele, which we place in this family, has already been discussed 

in connection with Raphistoma on pages 935 to 938. The genus is a good one and 

includes shells with contiguous whorls similar in most respects to those of Helico

toma, and others in which they are more or less completely disconnected. The 

latter have usually been confounded with Eccyliomphalus, but as we have endeavored 

to show, the true position of the genus is nearer Ophileta and Helicotoma th:m 

Eccyliomphalus_ The distinguishing character of Eccyliopterus lies in the remarkable 

development of the upper keel which projects beyond the surface of the whorls like 

a high collar. 

Genus OPHILETIN A, n. gen. 

For remarks on this genus see page 1028. 

Only two or possibly three small species of this interesting genus are known. 

In these the whorls are rather slender, contiguous or partly free, coiled almost in 

the same plane, and either hexagonal or subquadrate in section. On the upper side 

and forming the outer edge there is a sharply elevated convex-or flat-topped-ridge 

which looks very much like a true slit-band, being covered with strongly recurved 

lines (IunuIte) and terminating anteriorly in a well-marked notch. On the vertical 

outer side the lines of growth are bo wed forward in the middle, on the lower side 



1030 THE PALEONTOLOGY OF MINNESOTA. 
lOphiletina sublaxa. 

broadly backward. Of the following two species, O. sublaxa may be regarded as the 

type. 
The principal, or perhaps we should say only feature relied on in distinguishing 

this new generic group from Ophileta on the one side and Euomphalus on the other, 

is the slit-band. Both of those genera. may often have an apertural notch at the 

terminus of the ridge corresponding to the" band," but there is never anything like 

a definite band, the lines of growth passing over the ridge without interruption 

further than is occasioned by changing their direction from obliquely backward to 

obliquely forward. In Ophiletina, however, as is shown in figures 41 and 47 on plate 

LXX [V, the ridge is as much of a "slit-band" as in the majority of the Lower 

Silurian Pleurotomariidce. In Helicotoma, certain species of which are considerably 

like our Ophiletina angularis, the summit of the corresponding ridge, though never 

flat nor bearing lunulffi, is occasionally margined on each side by a delicate raised 

line, the result being a "band" that is not greatly different from the kind pertaining 

to species of Lophospira like L. acuminata (compare fig. 8, plate LXXIII, and fig. 24, 

plate LXX[V). Another constant and easily recognized difference between Ophiletina 

and Helicotoma is furnished by the course of the lines of growth across the vertical 

outer surface of the shell. In the former the lines curve forward in the upper half 

and just as much backward in the lower, the direction on the whole, therefore, being 

essentially vertical. In the latter the forward direction continues to the basal 

angle (compare plate LXXIV, fig. 46 with 15, 16, 22, 33 and 37). 

OPHILETINA SUBLAXA, n. sp., and varieties. 

PLATE LXXIV. FIGS. 40-42 and 47. 

Shell small, ]3 to 16 mm. in diameter, coiled approximately in one plane, the upper side flat, the 
lower gently concave; volutions slender, three in number, wi thout the more or less prominent nucleus, 
hexagonal in transverse section, a little wider than high, the greater part of the last free. Of the six 
angles the strongest bears the band and lies at the outer edge of the upper side. Within this the spare to 
the suture line is divided into halves, the outer concave, the inner a flat slope, by a second carina. The 
third is prominent and thin and lies considerably beneath the middle of the outer surface of which the 
fourth carina forms the base. The fifth and sixth angles are more obtuse, and lie one about the middle 
of the inner side, the other at the junction of the inner and lower sides. Lines of growth strong, equal, 
somewhat imbricating, averaging about seven in 2 mll., making a slight retral bend (it is often stronger 
than in our engraving) in crossing the central angle of the upper face, a very strong and sharp retral bend 
or loop on the sides and s;]mmit of the band-ridge, a slight forward curve on the outer and a retral curve 
on the lower surface. The band itself is convex and sharply defined, the lunulffi strong. 

The above description is strictly of the northwestern form of the species. Of this we have three 
specimens, one from each of the three states of Minnesota, Wisconsin and Illinois. We have a fourth 
specimen (original of fig. 42), found by one of the authors in the lower part of the Stones River group in 
Tennessee, wbich differs slightly in several particulars. In the first place the whorls are more slender 
when viewed from above; next the hight and width of the volutions are more equal j then the inner race 
of the whorls is steeper and rounded rather than angular j finally, the upper side of the shell is concave 
and the lower fiat instead of the reverse. Possibly this Tennessee. specimen, which, although a silicified 
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PLATE LXXIV. FIGS. 40-42 and 47. 
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lower gen tiy concave: volutions slender, three in number, without the more or less prominent nucleus, 
hexagonal in transverse section, a little wider than high, the greater part of the last free. Of the six 
angles the strongest bears the band and lies at the outer edge of the upper side. Within this the space to 
the suture line is divided into halves, the outer concave, the inner a fiat slope, by a second carina. The 
third is prominent and thin and lies considerably beneath the middle of the outer surface of which the 
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The above description is strictly of the northwestern form of the species. Of this we have three 
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of the whorls is steeper and rounded rather than angular j finally, the upper side of the shell is concave 
and the lower flat instead of the reverse. Possibly this Tennessee. specimen, which, although a silicified 
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shell, retains no trace of surface markings, represents a distinct species, but the material at hand is 
scarcely suftlcient to justify specitlc separation. A subordinate designation, however, may be allowable 
and we therefore suggest that it be known provisionally as var. depl'essa. 

Another variety or closely related species occurs in the Fusispira bed of the Trenton group. We 
have seen but a Single e~ample, a cast of the interior attached to a piece of stone so that only the upper 
side is visible. As far as can be seen it agrees with O. sublaxa in all respects except that the last whorl is 
scarcely separated from the inner turns. Considering that the Lower Silurian euoruphaloids are all very 
restricted in their verti,eal ranges, it is highly improbable that perfect ~hells of the later form would 
agree in all respects with the Stones River group types of the species. We venture therefore to separate 
the Fusispira bed form as var. sequens. 

Formation and locality.-The t,ypical form occurs in the limestones of the Stones Ri ver group at 
Minneapolis, Minnesota, Mineral Point, Wisconsin, and Dixon, Illinois; var. tlep1'essa in the lower divis
ion ("Central limestone ") of the f'ame group at Murfreesboro, Tennessee; val'. sequens in the Fusispira 
bed of the Trenton group at Wykoff, Minnesota. 

Gollections.-Geological and Natural History SurVE'Y of Minnesota (two specimens of typical form); 
E. O. Ulrich (one specimen of typical form and both varieties). 

Museum Registe1', Nos. 6869, 7302. 

OPHILETINA ANGULARIS, n. sp. 

PLATE LXXIV, FIGS. 43-46. 

Shell small, 8 mm. wide; 2.3 mm. high; planorbiform; spire fiat, under side concave from the 
peripheral edge on; Whorls in contact, quadrangular or subpentagonal in section; outer side vertical, 
nearly flat, with a small carina near its middle; upper side concave between the elevated band, which is 
flat and lies at the outer edge, and a low ridge two-thirds across the whorl, beyond which the surface 
descends rapidly into tee sutural channel. The lines of growth, except that they are somewhat tiner, are 
very much as in O. sublaxa. Four or five lines occur in 1 mm. With the aid of a glass of low power the 
direction of the lines can be made out very clearly on our eogravings, special care having been given to 

this feature. 
We know of no shell found in the Lower Silurian rocks of America that is at all likely to be con

. fused with either this or the preceding species. In the Coal Measures and in the Triassic of Europe there 
are several small forms of Euomphalus that, aside from the fact that they have no defined band, greatly 

resemble O. arlgularis. 

FO)'mation and locality.-Phylloporina bed, Black River group, near Cannon Falls, Minnesota. 

Gollection.-E. O. Ulrich. 

Genus ECCYLIOPTEHUS, Remele. 

In part Eccllliomphalus, Euomphalus, Ophiletct, Maclurea aDd Raphistoma of authors. 
Eccyliopterus, REMELE, 1888, Zeitschr. d. deutsch. geol. Ges., Band xl. 

For generic characters and general remarks see pages 935 to 938, and page 

1029. 
To give a better idea of this genus than is furnished by the two Trenton species 

next described, and particularly to show the evolute character pertaining to some 

of the species, we have added figures, on plate LXXIV, of two Calciferous forms 

which have been erroneously referred to Eccyliomphalus by Whitfield. Otherwise 

E. owenanus presents an excellent general idea of the present genus. The "collar" 

is always a notable feature and especially high in the species mentioned. We have 

GASTROPODA. 1031 
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shell, retains no trace of surface markings, represents a distinct species, but the material at hand is 
scarcely sufficient 1,0 justify specific separation. A subordin<1te desigrmtion, however, m<1Y be <1l!owable 
and we therefore suggest that it be known provisionally as var. clepressa. 

Another variety or closely related species occurs in the Fusispim lJcd of the Trenton group. We 
have seen but a single e:x;ample, a cast of the interior attached to a piece of stone so that only the upper 
side is visible. As far as can be seen it agrees with U. sllblaxa in <1]] respec.ts except tlJat the last whorl is 
scarcely separated from the inner turns. Con~ic1ering that the Lower Silurian euoruphaloids are all very 
restricted in their vertiyal ranges, it is highly improbable that perfect shells of the later form would 
agree in all respects with the Stones River group types of the spcciL:s. We venture thcf(~rore to separate 

the Fusispira bed form as var. sequens. 

Formation and locality.-The t,ypieal form oceurs in the limestones of the Stones River group at 
Minneapolis, Minnesota, Mineral Point, Wisconsin, aml Dixon, Illinois; var. delJ)'eSsll in the lower divis
ion ("Central limestone") of the ~ame group at i\1urfreesboro, Tennessee; var. sequens in the Fusispira 
bed of the Trenton group at Wykoff, Minnesota. 

Gollections.-Geological and Natural History Survey of Minnesota (two specimens of typical form); 
E. O. Ulrich (one specimen of typical form and both varieties). 

Museum Register, Nos. 6869, 7302. 

OPHILETINA ANGULARIS, n. sp. 

PLATE LXXIV, FIGS. 43-46. 

S1ell small, 8 mm. wide; 2.3 mm. high; planorbiform; spire fiat, under side concave from the 
peripheral edge on; whorls in contact, quadrangular or subpentagonal in section; outer side vertical, 
nearly fiat, with a small carina near its middle: upper side concave between the elevated band, which is 
flat and lies at the outer edge, and a low ridge two-thirds across the whorl, beyond which the surface 
descends rapidly into tee sutural channel. The lines of growth, except that they are somewhat finer, are 
very much as in O. sublaxa. Four or five lines occur in 1 mm. With the aid of a glass of low power the 
direction of the lines can be made out very clearly on our engravings, special care llaving been given to 

this feature. 
We know of no shell found in the Lower Silurian rocks of America that is at all likely to be con

. fused with either this or the preceding species. In the Coal Measures and in the Triassic of Europe there 
are several small forms of Euomphalus that, aside from the ffwt that they have no defined band, greatly 

resemble O. angularis. 

Formation and locality.-Phylloporina bed, Black River group, near Cannon Falls, Minnesota. 

Gollection.-E. O. Ulrich. 

Genus ECCYLIOPTEHUS, Remele. 

In part Eccyliomphalus, Euomphalus, Ophileta, Maclurea and Raphistonw of authors. 
Eccyliopterus, REMELE, 1888, Zeitschr. d. deutsch. geol. GeB., B:wd xl. 

For generic characters and general remarks see pages 935 to 938, and page 

1029. 
To give a better idea of this genus than is furnished by the two Trenton species 

next described, and particularly to show the evolute character pertaining to some 

of the species, we have added figures, on plate LXXIV, of two Calciferous forms 

which have been erroneously referred to Eccyliompltalus by Whitfield. Otherwise 

E. owenanus presents an excellent general idea of the present genus. The" collar" 

is always a notable feature and especially high in the species mentioned. We have 
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[Eccyllopterus beloitensiS. 

a speCIes from the Shakopee formation of Minnesota agreeing very closely in all 

respects with E. trirwgulus, excepting that its whorls are all contiguous save a 

part of t he last. 

ECCYLIOPTERUS BELOITENSIS, n. sp. 

PLATE LXII, l!'rG. 70; PLATE LXXIV, FIGS. 1-4. 

Width 30 to 45 mm., greatest hight nearly half the width; whorls enlarging rather rapidly, three or 
three and one-half in number, coiled very nearly in the same plane; upper side of shell broadly concave; 
umbilicus large, half the diameter of the shell; under side of whorls strongly co [(vex, outer side vertical, 
upper side concave in the outer half, convex in the inIler; suture deep, collar only moderately high, well 
indicated, however, even on casts of the interior; mouth somewhat acuminate-ovate, very oblique. Lines 
of growth obscure, directed backward, on the upper ~ide with a slightly sigmoid curve. 

FOl'mation ana locctlity.-Stones River group, Beloit, Wisconsin; High Bridge, Kentucky. 

EOOYLIOPTERUS OWENANUS Meek and Worthen. 

PLATE LXXIV, Ji'1GS. IO-H. 

Ophileta owencma MEEK and WORTHEN, 186'3, Geol. Sur. Ill., vol. iii, p. 313. 

This is a smaller shell than E. beloitensis, the width of the largest seen being only about 26 mm., 
while the average for fourteen specimens is about 22 mm. The whorls are more slender, l>eing four in 
number, and the collar, which is scarcely indicated on casts, is relatively much higher and thinner than 
in the larger species. Indeed, the collar is nearly as high as the cavity of the whorl. While the upper 
sides of casts are nearly as much depressed, the whorls themsel ve; are much less concave in the outer half, 
this part being almost, flat. The inner half generally slopes rather rapidly inward and downward, in some 
cases forming an obtuse median angulation. The collar of the inner turns may stand up free or be joined 
in part to the inner slope of the next whorl. 

The E. ottawacnsis Billings sp., from the Trenton limestone of Oanada, seems to have even more 
slender whorls anel a flatter spire. The whole shell also appears to be more depressed. 

FOTJllcrtion uncZ locality.-Fusispira bed of the Trentongroup, Wykoff, and various localities in Good
hue county, Minnesota. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 7376. 

Genus HELICOTOMA, Salter. 

Helicotoma, SALTER, 1859, Oan. Org. Rem., Decade 1, p. 13. 

If in separating the Euomphalidce and Pleruotomariidce we placed all our depend

ence on the presence or absence of a slit-band as distinguished from a simple retral 

curve of the lines of growth, Helicotoma, as well as Ophiletina, also Pleuronotu8, would 

be arranged with the latter instead of the former family. But we cannot assume 

one character as absolute in assigning position. No, every feature and circumstance 

must be compared and weighed if we would arive at anything approaching a natural 

classification. Particularly important matters to be determined fall under the term 

of chronogenebis. In the discussion of the family beginning on page 1023, we follow 
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respects with E. trirzngulus, excepting that its whorls are all contiguous save a 

part of t he last. 

ECCYJ,IQPTERUS BELOITENSIS, n. sp. 

PLATE LXII, 11'rG. 70; PLATE LXXIV, FIGS. 1-4. 

Width 30 to 45 mm., greatest hight nearly half the width; whorls enlarging rather rapidly, three or 
three and one-half in number, coiled very nearly in the same plane; upper side of shell broadly concave; 
umbilicus large, half the diameter of the shell; under side of whorls strongly co[(vex, outer side vertical, 
upper side concave in the au tel' l1a If, convex in the inner; suture deep, collar only moderately high, well 
indicated, however, even on casts of the interior; mouth somewhat acuminate-ovate, very oblique. Lines 
of growth obscure, directed backward, on the upper ~ide with a slightly sigmoid curve. 

Formation ancI lowlity.-Stones River group, Beloit, Wisconsin; High Bridge, Kentucky. 

ECCYLIOPTERUS OWENANUS Meek and Worthen. 

PLATE LXXIV, li'IGS. 10-H. 

Ophileta owencwa MEEK and WORTHEN, 186'3, Geol. Sur. Ill., vol. iii, p. 313. 

This is a smaller shell than E. beloitensis, the width of the largest seen being only about 26 mm., 
while the average for fourteen specimens is about 22 mm. The whorls are more slender, lleing four in 
number, and the collar, which is scarcely indicated on casts, is relatively much higher and thinner than 
in the larger species. Indeed, the collar is nearly as high as the cavity of the whorl. While the upper 
sides of casts are nearly as much depressed, the whorls themsel ve:i are much less concave in the outer half, 
this part being almost, fiat. The inner half generally slopes rather rapidly inward and downward, in some 
cases forming an obtuse median angulation. The collar of the inner turns may stand up free or be joined 
in part to the inner slope of the next whorl. 

The E. ottawacnsis Billings sp., from the Trenton limestone of Oanada. seems to have even more 
slender whorls anel a fiatter spire. The whole shell also appears to be more depressed. 

FOTJllntion ((ml lowlity.-Fusispira bed of the Trentongroup, Wykoff, and various localities in Good
hue county, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 7376. 

Genus HELICOTOMA, Salter. 

Helicotoma, SALTER, 1859, Oan. Org. Rem., Decade 1, p. 13. 

If in separating the Euomphalidce and Pleruotomariidce we placed all our depend

ence on the presence or absence of a slit-band as distinguished from a simple retral 

curve of the lines of growth, Helicotoma, as well as Ophiletina, also Pleuronotu8, would 

be arranged with the latter instead of the former family. But we cannot assume 

one character as absolute in assigning position. No, every feature and circumstance 

must be compared and weighed if we would arive at anything approaching a natural 

classification. Particularly important matters to be determined fall under the term 

of chronogenebis. In the discussion of the family beginning on page 1023, we follow 
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up the development of Helicotoma and conclude that it was derived from Ophileta

further, that the HeUcotoma line terminated with itself and that Euomphalus, which 

it resembles in many respects, was not derived from it but directly from Qphileta. 

The connection with Ophileta must determine the position of Helicotoma since 

that genus is most certainly not a member of the Pleurotomariidm, while we are 

fully satisfied of its affinities with typical Euomphalida:. 

The Calciferous formation furnishes at least one unquestionable species of 

Helicotoma, viz.: H. perstriata Billings. There is a small species (less than one-half 

an inch in diameter) in the Shakopee ot Minnesota, that seems to differ very little 

except in size from our H. umbilicata of the Stones River group. Other species of 

the Stones River group are H. tennesseens~s Safford, H. declivis Safford, H. planulata 

var. robusta U. and S., H. planulatoides VIr., H. verticalis Ulr., and H. granosa Ulr. The 

Black River group has H. planulata Salter, the type of the genus, and H. muricata, 

H. spinosa and H. larvata of the same author. From the Quebec group of Canada 

Billings described five species (eucharis, gorgonia, misera, proserpina and tritonia) with 

characters apparently in strict accordance with Helicotoma. Only H. marginata VIr. 

is known to us from strata of the Cincinnati period. H. naresi Etheridge, an Upper 

Silurian shell, and the Devonian 1I. serotina of Nicholson, probably belong to some 

other genus. 

HELICOTOMA PLANULATA Salter, and var. ROBUSTA, 11. val'. 

PLA TE LXXIV, FIGS. 15-17. 

Helicotomr.t _planttlata SALTER, 1859, Oan. Org. Rem., Decade I, p. 14. 

H. planulata is distinguished from nearly all othsr species of the genus by having from three to six 
strong, simple or double, revol ving lines on the outer side of the whorls. Beneath the marginal notch
ridge the outer side is more or less distinctly conca ve. The summit of the ridge may be on the same plane 
in all the whorls. but, as a rule, on each it is a little lower than on the preceding turn. Within the ridge, 
which is sharply elevated and marked on its outer side by an impressed line, the depressed upper side of 
the whorls is quite fiat. The under side of the whorls may be regularly convex or an obscure angle may 
form the boundary of the umbilieus. A full grown individual has five whc,rls. On plate LXXIV, figs. 
16 and 17, are two views of what we consider as a typical example of the species. 

Var. ROBUSTA, n. val'. 

PLATE LXXIV, FIG. 15. 

This variety is founded on a single imperfect specimen. It has revolving lines like H. pla1!lllutcl, 

but differs in certa-in respects too ob'viously to be referred to that species without questilJn. In the first 
place its whorls enlarge more rapidly both in hight and width. The inner whorls are missing, but we are 
well satisfied that the specimen consisted originally of no more than four whorls. Next the concavity of 
the upper part of the outer side of the whorlR is scarcely noticeable. Finally the lines of growth cross 

this side more obliquely. 

Formation and locality.-The typical form of thig species. excepting- a single example from an unde
termined Trenton horizon in Lincoln county, Missouri, is only known from the Black River limestone at 
Pauquettes rapids of the Ottawa river, in Oanada. The type of our val'. 1'obustc~ is from the Stones River 
group in Jo Daviess county, Illinois. 

Oollection.-E. O. Ulrich. 
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up the development of Helicotoma and conclude that it was derived from Ophileta

further, that the Helicotoma line terminated with itself and that Euomphalus, which 

it resembles in many respects, was not derived from it but directly from Qphileta. 

The connection with Ophileta must determine the position of Helicotoma since 

that genus is most certainly not a member of the Pleurotomariid(e, while we are 

fully satisfied of its affinities with typical Euomphalid(('. 

The Calciferous formation furnishes at least one unquestionable species of 

Helicotoma, viz.: H. perstriata Billings. There is a small species (less than one-half 

an inch in diameter) in the Shakopee ot Minnesota, that seems to differ very little 

except in size from our H. umbilicata of the Stones River group. Other species of 

the Stones River group are H. tennesseens~s Safford, H. declivis Safford, H. planulata 

var. robusta U. and S., H. planulatoides Ulr., H. verticalis Ulr., and H. granosa Ulr. The 

Black River group has H. planulata Salter, the type of the genus, and H. muricata, 

H. spinosa and H. larvata of the same author. From the Quebec group of Canada 

Billings described five species (eucharis, gorgonia, misera, proserpina and tritonia) with 

characters apparently in strict accordance with Helicotoma. Only H. marginata Ulr. 

is known to us from strata of the Cincinnati period. H. naresi Etheridge, an Upper 

Silurian shell, and the Devonian II. serotina of Nicholson, probably belong to some 

other genus. 

HELICOTOMA PLANULATA Salter, and var. ROBUSTA, 11. val'. 

PLA TE LXXIV, FIGS. 15-17. 

Helicotom(tvlamdata SALTER, 1859, Oan. Org. Rem., Decade I, p. 14. 

H. planulata is distinguished from nearly all othEH species of the genus by ha ving from three to six 

strong, simple or double, revol ving lines on the outer side of the whorls. Beneath the marginal notch

ridge the outer side is more or less distinctly concave. The summit of the ridge may be on the same plane 

in all the whorls. but, as a rule, on each it is a little lower than on the preceding turn. Within the ridge, 

which is sharply elevated and marked on its outer side by an impressed line, the depressed upper side of 

the whorls is quite flat. The under side of the whorls may be regularly convex or an obscure angle may 
form the boundary of the umbilicus. A full grown individual has fi ve whc.rls. On plate LXXIV, figs. 

16 and 17, are two views of what we consider as a typical example of the species. 

Var. ROBU8TA, n. vetl'. 

PLATE LXXIV, FIG. 15. 

This variety is founded on a single imperfect specimen. It has revolving lines like H. plm11l1ut(l, 

but differs in certain respects too ob'viously to be referred to that species without questilJn. In the first 

place its whorls enlarge more rapidly both in hight and width. The inner whorls are missing, but we are 

well satisfied that the specimen consisted originally of no more than four whorls. Next the concavity or 
the upper part of the outer side of the whorlR is scarcely noticeable. Finally the lines of growth cross 

this side more obliquely. 

Formation and locality.-The typical form of this species, excepting" a single example from an unde
termined Trenton horizon in Lincoln county, Missouri, is only known from the Black Riyer limestone at 
Pauquettes rapids of the Ottawa river, in Oanada. The type of our var. j'obustct is from the Stones River 
group in Jo Daviess county, Illinois. 

Oollection.-E. O. Ulrich. 
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HELICOTOMA PLANULATOIDES, n. sp. (Ulrich.) 

PLATE LXXIV. FIG8. 28-30. 

Specimens of this species range in width generally between 15 and 25 mm. The form is closely 
related to H. planulata Salter, but there are only about four whorls instead of five, and each descends 
slightly beneath tbe level of t,]1e precerling. Compared further with the Oanadian species, we find that 
the umbilicus is somewhat narrower. A marc striking difference, however, is the total absence of revolv
ing lines. See H. tmnesseensis for comparisons with that species. 

Formation ana locality.-Ten specimens were obtained in the vicinity of High Bridge, Kentucky, 
where they occurred at the top of the Stones River group or base of the Black River limestone. Two 
others, from the Black River group of middle Tennessee, occurred in a lot of fossils received from Prof. 
Jas. M. Safford. 

Collection.-E. O. Ulrich. 

HELICOTOMA TENNESSEENSIS Sallord. 

FrATE LXXIV, FIGS. 20-24, 

Helicotoma tennesseellsis SAFFORD, ]869, Geol. of Tenn., p. 288. (Neither defined nor illustrated.) 

This abundant shell halos about the same size and is closely allied to H. planulata and H. planu
latoides. A constant peculiarity is a narrow downward slope along the suture line. Aside from this and 
the absence of revolving lines, we fail to see any difference between the Tennessee and Oanadian species. 
The Kentucky species, however, attains a larger size with the same number of whorls. 

Formation and locality.- Very abundant in the lower division (" Oentrallimestone") of the Stones 
Ri yer group at Murfreesboro, Tennessee. 

Uollections.-Prof. J. M. Safford; E. O. Ulrich. 

HELICOTOMA SUBQUADRATA, n. sp. (Ulrich.) 

PLATE LXXIV, FIGS. 31-33. 

Although closely related to all three of the preceding species, the present form is readily distin
guished by the subquadrate section of its whorls, the junction of the outer and lower sides of the whorls, 
which are both flattened, being rather strongly angulated. The notch-c~rina is not much elevated, and 
the surface ot the whorl within it is perfectly flat to the suture line. 

Pormation ami lowlit.ll.-Same as the preceding. Only two specimens have been observed, and these 
were both received from Prof. Jas. M. Safford. 

HELICOTOMA UMBILICATA, n. sp. 

PLATE LXII, FIG. oS; PLATE LXXIV, FIGS. 25-27. 

This species has been quite generally confused with H. planula/a, but after seeing a number of spec
imens of both forms we are prepared to assert, with much confidence, that they are not the same. It is 
true H. umbilicata has, like the Canadian form, revolving lines on the outer side of the whorls, but these 
ard never very strong and in most cases so weak that they cannot be distinguished on even good moulds 
of the exterior. Oomparing other features, it will be found that the shell of H. umbilicata is more 
depressed, the width of the whorls being constantly somewhat greater than the hight, while in H. planu
lata the two dimensions are equal. But the differences prinCipally relied upon in distinguishing the two 
forml'; are (1) that the apertural notch is much deeper and, consequently, the lines of growth more strongly 
recuned, and (2) the umbilicus is wider and shallower in our species than in the Oanadian shell. In nine 
specimens of the latter before us the umbilicus in no case exposes quite half of the width of each of the 
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H ELICOTOMA PLANULATOIDES, n. sp. (Ulrich.) 

PLATE LXXIV, FIG". 28-30. 

Specimens of this species range in width generally between 15 and 25 mm. The form is closely 
related to H. planulata Salter, but there are only about four whorls instead of five, and each descends 
slightly beneath the level of the prece(ling. Compared further with the Canadian species, we find that 
the umbilicus is somewhat narrower. A marc stril{ing difference, however, is the total absence of revolv
ing lines. See H. ttnnesseensis for comparisons with that species. 

Formation ancI lowlily.-Ten specimens were obtained in the vicinity of High Bridge, Kentucky, 
where they occurred at the top of the Stones River group or base of the Black River limestone. Two 
others, from the Black River group of middle Tennessee, occurred in a lot of fossils received from Prof. 
Jas. M. Safford. 

Collection.-E. O. Ulrich. 

HELICOTOMA TENNESSEENSIS Sajjord. 

rf,ATE LXXIV, FIGS. 20-24. 

Helicotoma tennesseensis SAFFORD, 1869, Geol. of Tenn., p. 288. (Neither defined nor illustrated.) 

This abundant shell holas about the same size and is closely allied to H. planulata and H. planu
latoides. A constant peculiarity is a narrow downward slope along the suture line. Aside from this and 
the a,bsence of revol ving lines, we fail to see any difference between the Tennessee and Canadian species. 
The Kentucky species, however, attains a larger size with the same number of whorls. 

Formc(tion and lowlity.- Very abundant in the lower division (" Central limestone") of the Stones 
Ri yer group at Murfreesboro, Tennessee. 

Uollections.-Prof. J. M. Safford; E. O. Ulrich. 

HELICOTOMA SUBQUADRATA, n. sp. (Ulrich.) 

PLA TE LXXIV, FIGS. 31-33. 

Although closely related to all three of the preceding species, the present form is readily distin
guished by the subquadrate section of its whorls, the junction of the outer and lower sides of the whorls, 
which are both flattened, being rather strongly angulated. The notCh-quina is not much elevated, and 
the surface or the whorl within it is perfectly flat to the suture line. 

Formation and lowlity.-Same as the preceding. Only two speCimens have been observed, and these 
were both received from Prof. Jas. M. Safford. 

HELICOTOMA UMBILICATA, n. sp. 

PLATE LXII, FIG. 68; PLATE LXXIV, FIGS. 25-27. 

This species has been quite generally confused with H. planulata, but after seeing a number of spec
imens of both forms we are prepared to assert, with much confidence, that they are not the same. It is 
true H. wJlbiliwta has, like the Canadian form, revolving lines on the outer side of the whorls, but these 
ard never very strong ancl in most cases so weak that they cannot be distinguished on even good moulds 
of the exterior. Comparing other features, it will be found that the shell of H. umbilicata is more 
depressed, the width of the whorls being constantly somewhat greater than the hight, while in H.planu

lata the two dimensions are equal. But the differences prinCipally relied upon in distinguishing the two 
forms are (1) that the apertural notch is much deeper and, consequently, the lines of growth more strongly 
recuned, and (2) the umbilicus is wider and shallower in our species than in the Canadian shell. In nine 
specimens of the latter before us the umbilicus in no case exposes quite half of the width of each of the 
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nine whorls. On the other hand, in eleven specimens of II. lmdJ'il'icata the amount expused varies from 
fully two-thirds to nine-tenths of the width, and in most cases exceeds three-fourths. II, tc?/)/essecllwis 

Safford is probably nearer than any of the other species, but has constantly a higher spire and narrower 
umbilicus. On the exterior of the shell, the lower part of the outer side of the whorls is sometimes quite 
prominent. 

,Fol'matwn and locality.-Stones River group, Minneapolis and St. Paul, Minnesota; Beloit., Janes
ville and Mineral Point, Wisconsin, and Dixon, Dunleith, La Salle awl Rocktoll, Illinois. Though 
widely distributed it seems not to be common at any point. 

Oollections.-University of Wisconsin: E. O. Ulrich_ 

HELICOTOMA VERTICALIS, n. sp. (Ulrich.) 

PLATE LXII, ~'IG, 69; PLATE LXXIV, FIGS. 18 ftnd 10, 

This species is known from casts of the interior only, but they are readily distinguished from all of 
the preceding forms by the rectangular form of the outer and upper surfar,es of the whorls, 'rhe latter 
are not more than four in number, enlarge rapidly, are strongly can vex below and leave a deep and rela
tively narrow umbilicus. On the under side the cast resembles the shell of H. planulatoides very 
closely, but in other respects is quite different, the outer side of the whorls in t.hat species being concave 
and inclined inwards above instead of convex or flat and vertical. The upper surface of the whorls, in 
accordance with the ditIereoces just mentioned, is considerably wider in H. verticalis. 

Roken figures a Russian shell which he calls Raphistoma damesi (N. Jahrbuch f. Mineralogie, etc" 
1889, Beilageband vi, pI. XI, figs. 4, 4a) that reminds one greatly of H. verticalis. If he is right in calling' 
his species a Raphistoma, then it is evident that it cannot be very closely related to our shell. If, on the 
other hand, it is, like ours. a Helicotomo" then it might be difficult to distinguish it from the American 
form. Still, the outer side of the whorls in Roken's species is not quite vertical, but begins to slope 
inward at the'upper angle. 

Formation and locality.-Upper part of Stones River group, High Bridge, Kentucky, where it occurs 
associated with H. planulatoides audH. gmnosa. 

Oollection.-E. O. Ulrich. 

HELICOTOMA GRANOSA, n. sp. (Ulrich.) 

PLATE LXXXII, FIGS. 32-41. 

Shell small, generally 7 to 9 mm. in diameter. probably not exceeding 12 mm; hight equaling about 
a third of the width; notch-carina prominent,- thin, its summit carrying a row of small nodes; whorls 
three and a half or four, the inner ones raised, the outer two coiled nearly in the same plane; upper sur
face of whorls depressed, nearly flat anel sloping slightly downward toward the suture; umbilicus large, 
exposing about three-fourths of each of the inner turns; au ter side of whorls strongly convex in the lower 
half and distinctly concave in the upper; entire outer side of whorls, when perfect covered with irregu
larly distributed or retrally curven rows of granules or small nodes; a series of similar nodes along the 

center of the upper side of the first two and a half volutions. 
When the sculpture bearing layer is removed. the shell is smooth, and in this condition it is most 

difficult to distinguish from the young of H. umbilicrlta. Perfect specimens, however, with their peculiar 
granulose markings, could not possibly be confused with any other species known. 

Formation and locality.-Upper part of Stones River group, High Bric1ge, Kentucky. 

Oolle'etion.-E, O. Ulrich. 

GASTROPODA. 
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nine whorls. On the other hand, in eleven specimens of II. urn/)'Wcata the amount expused varies frOIll 

fully two-thirds to nine-tenths of the width, and in most cases exceeds three-fourths. 11. {e?lllCsseclls'is 

Safl'ord is probably nearer than any of the other species, but has constantly a higher spire and narrower 
umbilicus. On the exterior of the shell, the lower part of th," outer side of the whorls is sometimes quiLe 
prominent. 

Formatwn and locality.-Stones River group, Minneapolis and St. Palll, Minnesota; Beloit., Janes
ville and Mineral Point, Wisconsin, and Dixon, Dunleith, La Salle and r:'Ocktoll, Illinois. Though 
widely distributed it seems not to be common at any point. 

Oollections.-University of Wisconsin: E. O. Ulrich. 

HELICOTOMA VERTICALI8, n. sp. (Ulrich.) 

PLATE LXII. FIG. 69; PLATE LXXIV, FIGS. 18 and 10. 

This species is known from casts of the interior only, but they are readily distinguished from all of 
the preceding forms by the rectangular form of the outer and upper surfaces of the whorls. 'rhe latter 
are not more than four in number, enlarge rapidly, are strongly con vex below and leave a deep and rela
tively narrow umbilicus. On the under side the cast resembles the shell of H. planulatoides very 
closely, but in other respects is quite different, the outer side of the whorls in t,hat species being concave 
and inclined inwards above instead of convex or flat and vertical. The upper surface of the whorls, in 
accordance with the ditIereoces just mentioned, is considerably wider in H. verticalis. 

Koken figures a Russian shell which he calls Rophistuma damesi (N. Jahrbuch f. Mineralogie, etc., 
1889, Beilageband vi, pI. XI, :figs. 4, 4a) that reminds one greatly of H. vel'ticalis. If he is right in calling 
his species a Raphistoma, then it is evident that it cannot be very closely related to our shell. If, on the 
other hand, it is, like ours. a Helicotomo" then it might be difficult to distinguish it from the American 
form. Still, the outer side of the whorls in Koken's species is not quite vertical, but begins to slope 
inward at the 'upper angle. 

Formation and locality.-Upper part of Stones River group, High Bridge, Kentucky, where it occurs 

associated with H. planulatoides anc1H. gmnosa. 

Gollection.-E. O. Ulrich. 

HELICOTOMA GRANOSA, n. sp. (Uln:ch.) 

PLATE LXXXII. FIGS. 32-44. 

Shell small, generally 7 to 9 mm. in diameter, probably not exceeding 12 mm; hight equaling about 
a third of the width; notch-carina prominent,· thin, its summit carrying a row of small nodes; whorls 
t,hree and a half or four, the inner ones raised, the outer two coiled nearly in the same plane; upper sur
face of whorls depressed, nearly flat and sloping slightly downward toward the suture; umbilicus large, 
exposing about three-fourths of each of the inner turns; outer side of whorls strongly con vex in the lower 
half and distinctly concave in the upper; entire outer side of whorls, when perfect, covered with irregll
larly distributed or retrally curvecl rows of granules or small nodes; a series of similar node~ along the 

center of the upper side of the :first two and a half volutions. 
When the sculpture bearing layer is removed. the shell is smooth, and in this condition it is most 

difficult to distinguish from the young of H. umbilicrtla. Perfect specimens, however, with their peculiar 

granulose markings, could not possibly be confused with any other species known. 

Formation and lucality.-Upper part of Stones River group, High Bridge, Kentucl,y. 

Gollection.-E. O. Ulrich. 
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HELICOTOMA DEOLIVIS Safford. 

PLATE LXXIV, FIGS. 3i-3S. 

Helicotoma cleclillis SAFFORD, 1869, Geol. of Tenn., p. 288. (Neither defined nor illustrated.) 

This species is remarkable especially for two reasons: first, the umbilical cavity, which is rather 
wide, has even slopes on which the inner whorls are more or less obscurely or quite indistinctly defined; 
second, the upper surface of the whorls is raised so as to form a broad, obtuse, median angulation or ridge. 
The in aer whorls of the spire are depressed slightly beneath the level of the outer one while the notch
cari na is so small that it fails to rise to the level of the media.n ridge. 

Formation (md lowlity,-Associated with H. t€nnesseensis in the lower part of the Stones River group 
at Murfree-boro, Tennessee. 

Collectiol1s.-Prof. J. M. Safford; E. O. Ulrich. 

HELICOTOMA MARGINATA, n. sp. (Ulrich.) 

PLATE LXXIV. FIG. 39. 

Of this species we have seen but the unique example of which a view of the upper side is given on 
plate LXXIV. It is remarkable chiefiy because the lower part of the outer side of its whorls is so promi
nently developed that it projects like a broad flange. 

Formation and locality.-Found at the extreme top of the Richmond group, Elkhorn falls, near Rich
mond, Indiana. 

Collection.-E. O. Ulrich. 

Genus ECCYLIOMPHAL US, Portlock. 

Eccyliomphalus, PORTLOCK, 1813, Geol. Rep. Land., p. 411. 

For remarks on this genus see pages 1024 and 1029. 

EOOYLIOMPHALUS UNDULATUS Hall. 

PI,ATE LXXV, FIGS. 19-23. 

ECCliliomphalus lind~datus HALL, 1861, Geol. Rep. Wis" p. 37; WHITFIED, 1895, Mem. Am. Mus. Nat. 
Bbt., vol. i, pt. 2, p. 63, plate VIII, figs. 1-3. 

Original descriptiol1.-"Shell consisting of one or two volutions, spirally coiled, but distantly separated 
from each other, rapidly increaSing in size from the apex, and of a Rubtriangular or ovate-triangular form, 
the upper side being convex and curving to the ventral margin; the dorsum is somewhat fiattened, and 
the lower side sloping with a gentle curve from the lower lateral angle to ihe ventral side, which is narrow 
and sharply rounded. Along the ventral side and a little below the center there is a narrow, abruptly 
clepressed groove, which extends the entire length of the shell. 

"Surface of the shell marked by obscure undulations, which are most distinct on the lower lateral 
angle, also on the lower side by two or three revolving ridges.* Fine transverse lines of growth parallel 
to the margin of the aperture are visible over the grea'ter part of the surface of the specimeD, which is 
essentially a cast of the interior." 

To the above description we may add that there is a broad sinus in the upper part of the mouth, 
and that the depressions on the outer side of the shell are due to agglutinated fureign objects like fragments 

• We do not undel'stand what is meant by the" two or three revol ving ridges" on the lower side, since we have not 
ous81'ved anything of the kind On Our specimens. That the latter are specifically identical with Hall's species we are 
confident after seeing Whitfield's figures of the original type (loc. cit.). 
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HELIOOTOMA DEOLIVIS Saflord. 

PLATE LXXIV, FIGS. 31-38. 

Helicotorna cleelillis SAFFORD, 1869, Geol. of Tenn., p. 288. (Neither defined nor illustrated.) 

This species is remlrkable especially for two reasons: first, the umbilical cavity, which is rather 
wide, has even slopes on which the inner whorls are more or less obscurely or quite indistinctly defined; 
second, the upper surface of the whorls is raised so as to form a broad, obtuse, median angulation or ridge. 
The inner whorls of the spire are depressed slightly bene:1th the level of the outer one while the notch
carina is so small that it fails to rise to the level of the media,n ridge. 

Formation and locality.-Associated with H. tennesseensis in the lower part of the Stones River group 
at Murfree,boro, Tennessee. 

CollectioI18.-Prof. J. M. Safford; E. O. Ulrich. 

HELIOOTOMA MARGINATA, n. sp. (Ulrich.) 

PLATE LXXIV, FIG. a9. 

Of this species we have seen but the unique example of which a view of the upper side is given on 
plate LXXIV, It is remarkable chiefiy beca use the lower part of the outer side of its whorls is so promi
nen tly developed tha t it projects like a broad flange. 

Formation and locality.-Found at the extreme top of the Richmond group, Elkhorn falls, near Rich
mond, Indiana. 

Collection.-E. O. Ulrich. 

Genus ECCYLIOMPHAL US, Portlock. 

Eccyliomphalus, PORTLOCK, 1843, Geol. Rep. Lond., p. 411. 

For rema,rks on this genus see pages 1024 and 1029. 

ECCYLIOMPHALUS UNDULATUS Hall. 

PLATE LXXV, FIGS. 19-23. 

Ecculiomphalus ulld~dutllS HALL, 1861, Geol. Rep. Wis, p. 37; WHITFIED, 1895, Mem. Am. Mus. Nat. 
Rist., vol. i, pt. 2, p. 63, plate vIn, figs. 1-3. 

Uriginal desc7·ipticm.-"3hell consisting of one or two volutions, spirally coiled, but distantly separated 
from each other, rapidly increasing in size from the apex, and of a subtriangular or ovate-triangular form, 
the upper side being convex and curving to the ventral margin; the dorsum is somewhat flattened, and 
the lower side sloping with a gentle curve from the lower lateral angle to the ventral side, which is narrow 
and sharply rounded. Along the ventral side and a little below the center there is a narrow, abruptly 
depressed groove, which extends the entire length of the shell. 

"Surface of the shell marked by obscure undulations, which are most distinct on the lower lateral 
angle, also on the lower side by two or three revolving ridges.* Fine transverse lines of growth parallel 
to the margin of the aperture are visible over the greater part of the surface of the specimen, which is 
essentially a cast of the interior." 

To the above description we may add that there is a broad sinus in the upper part of the mouth, 
and that the depressions on the outer side of the shell are due to aggl utinated foreign objects like fragments 

• We do not undel'stand wlw.t is meant by the" two or three revol ving ridges" on the lower side, since we have not 
observed anythIng of the kind on our speCimens. That the latter are speCifically identical with Hall's species we are 
confident after seeing WhItfield's figures of the orIginal type (lac. cit.). 



Ecoyliomphalus subrotundus.l 
GASTROPODA. 1037 

of Orthis. Also that the inner whorl is cut off from the remainder of the spiral tube by imperforate 
concave partitions. 

Formation and locality.-Stones River group, Minneapolis, Minnesota; Beloit, Wisconsin; La Salle 
Illinois; and Lebanon, Tennessee. 

Collection.-E. O. Ulrich. 

EOOYLIOMPHAI,US SUBROTUNDUS, n. Sp. 

PLATE LXXV, FIGS. 17 and 1&. 

This shell differs from E. undulatus in that it forms little more than a single volution, that the shell 
expands more slowly, that it is almost circular in cross-section, that it is coiled in the same plane, and 
has the ridge on the inner side placed lower. The ridge is also more sharply defined and thinner. E. 
intortu8 Billings, of the Point LGvis limestone in Canada, is in many respects a similar Ehell, yet is more 
closely involute, expands more rapidly, and is without the ridge on the inner side. 

Fmmation and locality.-Fusispira bei of the Trenton group, Wykoff, Minnesota. 

Collection.-E. O. Ulrich. 

EOOYLIOMPHALUS OONTIGUUS, n. sp. (Ulrich.) 

PLATE LXXV, FIGS. 48-52. 

Shell 12 to 30 mm. in diameter; 7 to 16 mm. in hight, consisting of three or four rapidly enlarging 
contiguous whorls, coiled so as to leave a deep umbilicus in which from a third to a half of each of the 
inner whorls is visible; whorl,; subovate in section, higher than wide, somewhat narrowly rounded in the 
outer half of the upper surface. On t.he upper side the inner whorls may be sunken slightly beneath or 
raised above the level of the last; innermost whorl with a free termination. Mouth obliquely subovate, 
the margin rather deeply notched above, broadly curved forward on the outer siue and gently sinuate 
below. Surface markings somewhat irreJular and coarse, parallel with the edge of the mouth 

That the whorls in this shell are contiguous, we cannot consider as a serious objection to classifying 
it with Eccyliomphalus. A sufficient justification of our arrangement is found in Lindstrom's Euomphalus 
gotlandicus which clearly belongs to this genus, and in which the whorls may be quite indifferently totally 
evolute or closely joined.* 

Formation and locality.--Lower part of the Stones River group, Murfreesboro, Tennessee. 

Colltctions.-Prof. J. M. Safford; E. O. Ulrich. 

Family MACLURIIDlE, Woodward. 

We have not been able to satisfy ourselves that this is a valid family and its 

acceptance here is chiefly in deference to the views of previous authors. We are, 

however, convinced that the natural affinities of the majority of the types usually 

referred here are with the Euomphalidm. About twenty-four American species have 

been described, and all of these, though exhibiting considerable variation, have 

heretofore been placed into the single genus Maclurea. 

Considering the great differences exhibited by the opercula of some of these 

species, it seems to us that their arrangement in one genus can only be justified as 

* There may be some doubt ooncerning the speoific identity of all the various forms referred by Lindstrom to his 
1iJUOlllphatu8 flQtlandicUB, bllt there can be none when it comes to their generic alliances. 

Eccyliomphalus eubrotundus.l 
GASTROPODA. 1037 

of Orthis. Also that the inner whorl is cut off from the remainder of the spiral tube by imperforate 
concave partitions. 

Formation and locality.-Stones River group, Minneapolis, Minnesota; Beloit, Wisconsin; La Salle 
Illinois; and Lebanon, Ten nessee. 

Oollection.-E. O. Ulrich. 

ECCYLIOMPHALUS SUBROTUNDUS, n. sp. 

PLATE LXXV, FIGS. 17 and 1&. 

This shell differs from E. undulatus in that it forms little more than a single volution, that the shell 
expands more slowly, that it is almost circular in cross-section, that it is coiled in the same plane, and 
has the ridge on the inner side placed lower. The rielge is also more sharply elefined anel thinner. E. 
intortus Billings, of the Point Levis limestone in Oanaela, is in many respects a similar chell, yet is more 
closely involute, expands more rapidly, anel is without the ridge on the inner sifle. 

Formation and locality.-Fusispira be'! of the Trenton group, Wykoff, Minnesota. 

Oollection.-E. O. Ulrich. 

ECCYLIOMPHALUS CONTIGUUS, n. sp. (Uln·ch.) 

PLATE LXXV, FIGS. 48-52. 

Shell 12 to 30 mm. in diameter; 7 to 16 mm. in hight, consisting of three or four rapielly enlarging 
contiguous whorls, coiled so as to leave a deep umbilicus in which from a thirel to a half of each of the 
inner whorls is visible; whorls subovate in section, higher tllan wide, somewhat narrowly rounded in the 
outer half of the upper surface. On t,he upper side the inner whorls may be sunken slightly beneath or 
raised above the le\'el of the last; innermost whorl with a free termination. Mouth obliquely subovate, 
the margin rather deeply notched above, broadly curved forward on the outer siLie and gently sinuate 
below. Surface markings somewhat irre,:-ular and coarse, parallel with the edge of the mouth 

That the whorls in this shell are contiguous, we cannot consider as a serious objection to classifying 
it with Eccyliomphalus. A sufficient justification of our arrangement is found in Liodstrom's Euomphalus 
gotlandicus which clearly belongs to this geo us, and in which the whorls may be quite ioel itIerently totally 
evolute or closely joined.~· 

Formation and locality.--Lower part of the Stones Ri ver group, Murfreesboro, Tennessee. 

Oo1l6ctions.-Prof. J. M. Safford; E. O. Ulrich. 

Family MACLURIID.iE, Woodward. 

We have not been able to satisfy ourselves that this is a valid family and its 

acceptance here is chiefly in deference to the views of previous authors, We are, 

however, convinced that the natural affinities of the majority of the types usually 

referred here are with the Euomphalidce. About twenty-four American species have 

been described, and all of these, though exhibiting considerable variation, have 

heretof ore been placed into the single gen us Maclurea. 

Considering the great differences exhibited by the opercula of some of these 

species, it seems to us that their arrangement in one genus can only be justified as 

• There may be some doubt concerning the specific identity of all the various forms referred by Lindstrom to his 
EuomphaLuB (lotlandicu8, but there can be none when it comes to their generic alliances. 
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a provisional measure. We admit that the time has not yet arrived when it will be 

possible to divide the whole genus into natural groups, but convenience demands 

that at least one section should be distinguished now. All definitions of Maclurea 

give, as perhaps the most essential feature, one character that is known to be absent 

in several species, which nevertheless are always classified without question under 

the Maclurea. ~amely, two more or less prominent muscular scars or processes upon 

inner side of the operculum. As the absence of these projections in certain species 

certainly deserves some recognition in our classification, we propose to separate them 

as a distinct genus, under the new name Maclurina, which we have selected in 

order to facilitate recollection of their previous generic association. In breaking 

up the genus we deem it advisable to proceed with extreme caution, since the 

opercula, upon which the division rests, are fully known in only a few cases. We 

shall, therefore, change the generic designation at the present time in only three 

instances, and leave the arrangement of the remainder for future investigation. 

Genus MACLUREA, (Lesueur.) Woodward. 
llfaclurites, LESUEUR, 1818, Jour. Acad. Nat. ScL, vol. i, p. 312. 
lIfaclurea, WOODWARD, Manual of Shells, p. 202; EMMONS, 1842, Geol. Rept., p. 276; S.A.LTER, 1859, 

Oan. Org. Rem, Decade 1, p 7. 

Shell thick, discoidal, few whorled, reversed, 'the under side flat or nearly so 

and exposing all the whorls, the upper side convex and deeply perforated in the 

center instead of raised into a spire; surface with lines of growth crossing the 

whorls almost directly, the peripheral portions not infrequently exhibiting a 

revolving set of lines also. Operculum more or less curved in a front view, set 

somewhat obliquely into the aperture, and made up of concentric laminre with the 

nucleus, which is in the middle or near the outer angle of its lower part, projecting 

more or less forward, sometimes like a great vertically compressed horn; inner side 

excavated, with a prominent projection for the attachment of a muscle in the lower 

inner fourth of the excavation and a large muscular scar, little or not at all elevated, 
in the upper inner fourth. Type: Maclurea magna Lesueur. 

It may be that the shells of this genus are, as supposed by Billings and others, 

really sinistral, in which case the flat side would be the spire and the umbilicated 

side the base, but we prefer for the present, to regard the ridge which usually 

surrounds the umbilicus as corresponding to the notch-keel of the Euomphalidre. 

This view is supported by the fact that the lines of growth on the flat side of the 

whorls, are usually sinuated, while a somewhat similar form of shell is characteristic 

of Ophileta. Besides M. magna, we regard M. bigsbyi Hall, M. logani Salter, and 

l.f. crenulata Billings, as thoroughly in accordance with the requirements of the 
genus. 
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a provisional measure. We admit that the time has not yet arrived when it will be 

possible to divide the whole genus into natural groups, but convenience demands 

that at least one section should be distinguished now. All definitions of Maclul'ea 

give, as perhaps the most essential feature, one character that is known to be absent 

in several species, which nevertheless are always classified without question under 

the Maclurea. :Namely, two more or less prominent muscular scars or processes upon 

inner side of the operculum. As the absence of these projections in certain species 

certainly deserves some recognition in our classification, we propose to separate them 

as a distinct genus, under the new name Maclurina, which we have selected in 

order to facilitate recollection of their previous generic association. In breaking 

up the genus we deem it advisable to proceed with extreme caution, since the 

opercula, upon which the division rests, are fully known in only a few cases. We 

shall, therefore, change the generic designation at the present time in only three 

instances, and leave the arrangement of the remainder for future investigation. 

Genus MACLUREA, (Lesueur.) Woodward . 

. Zllaclarites, LESUEUR, 1818, Jour. Acad. Nat. ScL, vol. i, p. 312. 
JJ[rLclarea, WoomvAlw, Manual of Shells, p. 202; EMMONS, 1842, Geol. Rept., p. 276; SALTER, ]859, 

Can. Org. Rem, Decade 1, p 7. 

Shell thick, discoidal, few whorled, reversed,the under side flat or nearly so 

and exposing all the whorls, the upper side convex and deeply perforated in the 

center instead of raised into a spire; surface with lines of growth crossing the 

whorls almost directly, the peripheral portions not infrequently exhibiting a 

revolving set of lines also. Operculum more or less curved in a front view, set 

somewhat obliquely into the aperture, and made up of concentric laminoo with the 

nucleus, which is in the middle or near the outer angle of its lower part, projecting 

more or less forward, sometimes like a great vertically compressed horn; inner side 

excavated, with a prominent projection for the attachment of a muscle in the lower 

inner fourth of the excavation and a large muscular scar, little or not at all elevated, 

in the upper inner fourth. Type: Maclurea magna Lesueur. 

It may be that the shells of this genus are, as supposed by Billings and others, 

really sinistral, in which case the flat side would be the spire and the umbilicated 

side the base, but we prefer for the present, to regard the ridge which usually 

surrounds the umbilicus as corresponding to the notch-keel of the Euomphalidm. 

This view is supported by the fact that the lines of growth on the flat side of the 

whorls, are usually sinuated, while a somewhat similar fo~m of shell is characteristic 

of Ophileta. Besides M. magna, we regard M. bigsbyi Hall, M. logani Salter, and 

M. crenulata Billings, as thoroughly in accordance with the requirements of the 
genus. 



Mo.clureo. bigsbyi.] 
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MAOLUREA BIGRBYI Hall. 

PLATE LXXV. FIGS. 5-10. 

Maclurea bigsbyi HALL, 1861, GeoI. Rep. Wis., p. 37; WUI'I'FIELD, 1882, Genl. of Wis., vol iv, p. 222, 
pI. VI, figs. 17 and 18; also 18H5, Mem. Am. Mus. Nat. Hist., vol. i, p. 62, 
pl. VIII, figs. 14 and 15 (not 12 and 13). 

Shell of medium size, ranging in diameter from ~5 to 80 mm., u8l1ally 50 to 60 mm.; normal hight 
varying from five-twelfths to one-half of the width. Lower surface flat, the outer angle subacute; in 
casts more or less obtuse, and with the in ner whorls somewhat rounded and the su tures generally much 
more distinct than on the shell itself. Umbilicus deep, rather abrupt, exposing half or more of each of 
the inner whorls, its width always greater than one-third of, and sometimes exceeding half the width 
of the entire shell; margin of um bilicus angular in shells, abruptly rounded in casts, the slopes convex on 
each whorl. Casts rarely retain traces of the surface markings. These consist of more or less olJscure and 
irregular transverse lines and undulations, crossed on the peripheral region only by revolving lines a mm. 
or less apart. Operculum much as in )Jf. logani, except that the nucleus is at the lower inner angle instead 
of in the center of tbe lower side. 

The original localities for this species afrord two closely allied species, a small one that is about 25 
mm. in diameter, and a larger form that commonly is more than twice as wide. These two forms differ 
further in the relative size of the umbilicus, its width in the smaller form beiog in no observed case more 
than one-third of the width vf the shell, while in the larger form it generally equals one-half. Under the 
circumstances it is highly probable that both forms were included by Hall in his JYf. /Jigsuyi, and it is a 
matter of considerable difficulty to decide as to which of the two is the better entitled to retain his name. 
The larger species being the more common and widely distributed, and undoubtedly the same as the best 
preserved and largest of the original types of the species figured by Whitfield in 1895, we have decided to 
restrict the application of the specific name bigsbyi to it, and to propose the new name niticla for the other. 

Formation and locality.-Stones River group, Beloit, Janesville, Mineral Point, and other localities 
in southern Wisconsin; Dixon and La Salle, in Illinois; Lebanon and near Knoxville, Tennessee. Dr. 
F. W. Sardeson catalogues the species as occurring in the Vanuxemia bed in Minnesota, but we have not 
been able to verify its occurrence in the state. 

Uollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, Nos. 7308, 7349. 

MAC LURE A BIGSBYI var. DIXONENSIS n. var., and MACLUREA KNOXVILLENSIS 

n. sp. (Ulrich.) 

(Not figured.) 

Two other species of this type, both three inches or more in diameter, are known to us, in the one 
case from roc]<s holding M. bigsbyi, in the other in strata supposed to be equi valent or nearly so. The first, 
which was collected at Dixon, Illinois, is more depressed and has the margin of thc' umbilicus, which 
takes up about one-third of the diameter of the shell, muved farther inward so that its walls are almost 
vertical. As the form is easily recognized, we suggest the provisional designation JYf. bigsbyi var. cli:J.'Onel1sis. 

The other was received from Prof .. J. M. Safford, who collected the shell and opercula in the vicinity of 
Knoxvll:Ie, Tennessee. As it deserves to rank as a distinct species, we propose tll<' name Maclurect "knox-

1Jillensis. With a general aspect like M. bigsuyi, it differs decidedly in having less angular whorls and deep 
sutures on the fiat side. The operculum, so far as the position of the nucleus is concerned, is more like 
that of ]J{.logani than M. bigsbyi, but diffErS strongly from both in the fact that the nucleus is extremely 

prominent and twisted, recalling, somewhat feebly, a small ram's horn. 

Maclurea blgsbyl.] 
GASTROPODA. 1039 

MAOLUREA BIGRBYI Hall. 

PLATE LXXV. FIGS. 5-10. 

Maclurea bigsbyi HALL, 1861, GeoI. Rep. Wis., p. 37; WUrI'FIELD, 1882, Genl. of Wis., vol iv, p. 222, 
pI. VI, figs. 17 and 18; also 18%, Mem. Am. Mus. Nat. Hist., vol. i, p. 62, 
pl. VIII, figs. 14 and 15 (not 12 and 13). 

Shell of medium size, ranging in diameter from 25 to 80 Illm., usually 50 to 60 mm.; normal hight 
varying frolll five-twelfths to one-half of the width. Lower surface flat, the outer angle subacute; in 
casts more or less obtuse, and with the inner whorls ~olllewhat rounded ancl the sutures generally much 
more distinct than on the shell itself. Umbilicus deep, rather abrupt, exposing half or more of each of 
the inner whorls, its width always greater than one-third of, and sometimes exceeding half the width 
of the entire shell; margin of umbilicus angular in shells, abruptly rounded in casts, the slopes convex on 
each whorl. Casts rarely retain traces of the surface markings. These consist of more or less olJscure and 
irregular transverse lines and und ulations, crossed on the peripheral region only by revol vi ng lines a mm. 
or less apart. Operculum much as in 11[, logani, except that the nucleus is at the lower inner angle instead 
of in the center of the lower side. 

The original localities for this species afrord two closely allied species, a small one that is about 25 

mm. in diameter, and a larger form that commonly is more than twice as wide. These two forms differ 
further in the relative size of the umbilicus, its width in the smaller form being in no observed case more 
than one-third of the width of the shell, while in the larger form it generally equals one-half. Under the 
circumstances it is highly probable that both forms were included by Hall in his JYI. /Jigsuyi, and it is a 
matter of considerable difficulty to decide as to which of the two is the better entitled to retain his name. 
The larger species being the more common and widely distributed, and undoubtedly the same as the best 
preserved and largest of the original types of the species figured by Whitfield in 1895, we have decided to 
restrict the application of the specific name bigsuyi to it, and to propose the new name niticla for the other. 

Formation and locality.-Stones River group, Beloit, Janesville, Mineral Point, and other localities 
in southern Wisconsin; Dixon and La Salle, in Illinois; Lebanon and near Knoxville, Tennessee. Dr. 
F. W. Sardeson catalogues the species as occurring in the Vanuxemia bed in Minnesota, but we have not 
been able to verify its occurrence in the state. 

Uollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, Nos. 7308, 7349. 

MAOLUREA BIGSBYI var. DIXONENSIS n. var., and MACLUREA KNOXVILLENSIS 

n. sp. (Ulrich.) 

(Not figured.) 

Two other species of this type, both three inches or more in cliametr'f, are known to us, in the Olle 
case from roc]{s holding M. bigsbyi, in the other in strata supposed to be erlui valent or nearly so. The first, 
which was collected at Dixon, Illinois, is more depre5sed and has the margin of thc' umbilicus, which 
takes up about one-third of the diameter of the shell, muved fartller inward so that its walls are alruost 
vertical. As the form is easily recognized, we suggest the provisional designation M. big8byi var. clixonensis. 

The other was received from Prof .. J. M. Safford, who collected the shell and opercula in the vicinity of 
KnOXVille, Tennessee. As it deserves to rank as a distinct species, we propose the name MacZurea kIlIJ.r

villensis. With a general aspect like M. bigsbyi, it differs decidedly in having less angular whorls and deep 
sutures on the flat side. The operculum, so far as the position of the nucleus is concerned, is more like 
that of M.logani than M. bigsbyi, but diffErS strongly frolll both in the fact that the nucleus is extremely 

prominent and twisted, recalling, somewhat feebly, a small ram's horn. 
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MACLUREA NITIDA, n. sp. 

(Perhaps a small variety of ltI. bigs/)!Ii Hall.) 

PLATE LXXV, FIG. 11. 

lflaclurea bigsbyi (part) HALL, and WHITFIELD. (See description of that shell on page 1039.) 

Shell rather small, 20 to 30 mm. wide, half as high, and reserubling the young of M. bigsbyi in all 
respects save that (1) the umbilicus is narrower, in no case exceeding a third of the width of the shell, (2) 

le~s sharply defined, the turn into the umbilicus being abruptly rounded but never angular, (3) the trans
verse strim between the umbilicus and periphery more regular and sharper. and (4) the transverse section 
of the whorls (see plate LXXV, fig. 9) a little different, the hight lJeing relatively a trifle greater, and the 
s'lction INls obviously triang-ular. Itemains of three or four revolving lines occur on the periphery of one 
specimen, but nothing of t,he kind is visible on any of the others. 

Formation (tnd locality.-St.ones River group, Mineral Point and Beloit, Wisconsin; Dixon, IllinOis, 
and Murfreesboro, Tennessee. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

lfluseum Register, No. 7356. 

MACLUREA DEPRESSA, n. sp. 

PLATE LXXV, FIGS. 1-4. 

Shell of medium size, depressed, about 55 mm. wide, and 18 mm. high at the aperture; under side of 
whorls more or less distinctly concave, the outer and inner edges being somewhat elevated; inner edge form
i ng a sharp ridge in casts of the interior; umbilical perforation abrupt, comparatively small though show
ing all the lilner whorls, its width equalling less than a third of the diameter of the shell. Surface 
markings appuently as in M. bigsbyi Hall. 

The concave under surface of the whorls, more depressed form, and smaller and more abruptly 
descending urn bilicus are the differences relied on in distinguishing this species from M. bigsbyi. Variety 
dixonenis of that species, which might perhaps with better propriety be classed either as an intermediate 
species or as a variety of lff. aepressa, differs chiefly, if not solely, in the form of the under side of the 
whorls, these being flat or gently convex, as in M. bigsbyi, instead of concave. 

Formation and locality.- Stones Ri vel' group, Minneapolis, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 
JiluseU1n Register, No. 15858. 

MACLUREA CRASSA, n. sp., and var. MACRA, n. var. 

PLATE LXXV, FIGS. 12-16. 

Externally this species resembles M. uigsbyi, but, aside from the fact that it is a much heavier shell 
(on the outer and under sides of the last whorl it varits in thickness between the extremes of 3 mm. and 
6 mm.), it differs in having the inner whorls convex and Slightly elevated on the under side, the outer or 
peripheral angle more obtuse, and the umbilical depression wider. The width of the latter is to the 
diameter of the shell as 32 is to 58, the numbers representing the respective dimensions in millemeters of 
a testiferous example. Comparillg ca;;ts of the interior of the two speCies, the differences are more 
obvious, the whorls of JJI. crussa being more slender and more rounded in section on the lower side 
especially, and the umbilicus open to such an extent that nearly the whole width of the inner whorl is 
exposed to view. Because of tbe extreme thickness of the shell, the suture, though very close on the 
exterior, i~ unusually deep in casts, while the mouth expands somewhat like a trumpet. Casts of the 
interior look very much like the ex~erior of the shell of M knoxvillensis; yet even with this unequal 
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MACLUREA NITIDA, n. sp. 

(Perhaps a small variety of l<I. bi{}siJUi Hall.) 

PLATE LXXV, FIG. 11. 

lflae/urea uigsbyi (part) HALL, and WHITFIELD. (See description of that shell on page 1039.) 

Shell rather small, 20 to 30 mm. wide, half as high, and rescllibling the young of M. bigsbyi in all 
respects save that (1) the umbilicus is narrower, in no case exceeding a third of the width of the shell, (2) 

less sharply defined, the tum into the umbilicus being abruptly rounded but never angular, (3) the trans
ver~e strim between the umbilicus and periphery more reg-ular and sharper. and (4) the transverse section 
of the whorls (see plate LXXV, fig. 9) a little different, the hight being relatively a trifle greater, and the 
s'lction le8s obviously triang·ular. Remains of three or four revolving lines occur on the periphery of one 
specimen, but nothing of t,he kind is visible on any of the others. 

Formation (mel locality.-St.ones River group, Mineral Point and Beloit, Wisconsin; Dixon, Illinois, 
and Murfreesboro, Tennessee. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

]}lusemn Register, No. 7356. 

MACLUREA DEPRESSA, n. sp. 

PLATE LXXV, FIGS. 1-4. 

Shell of medium sil,e, depressed, about 55 mm. wide, and 18 mm. high at the aperture; under side of 
whorls more or less distinctly conca ve, the outer and inner edges being somewhat elevated; inner edge form
ing a sharp ridge in casts of the interior; umbilical perforation abrupt, comparatively small though show
ing all the lOner whorls, its width equalling less than a third of the diameter of the shell. Surface 
markings appuently as in M. bigsbyi Hall. 

The concave under surface of the whorls, more depressed form, and smaller and more abruptly 
descending umbilicus are the differences relied on in distinguishing this species from M. bigsbyi. Variety 
dixoneni., of that specie8, which might perhaps with better propriety be classed either as an intermediate 
species or as a variety of ])[. aep,'essa, differs chiefly, if not solely, in the form of the under side of the 
whorls, these being flat or gently convex, as in M. bigsbyi, instead of concave. 

Formation and locality.- Stones River group, Minneapolis, Minnesota. 

Collections.-GeologicaJ and Natural History Survey of Minnesota; E. O. Ulrich. 

1lfusemn Register, N o. ~858. 

MACLUREA CRASSA, n. sp., and var. MACRA, n. var. 

PLATE LXXV, FIGS. 12-16. 

Externally this species resembles M. uigsiJyi, but, aside from the fact that it is a much heavier shell 
(on the uuter and under sides of the last whorl it varits in thickness between the extremes of 3 mm. and 
6 mm.), it differs in having the inner whorls convex and slightly elevated on the under side, the outer or 
peripheral angle more ubtuse, and thb umbilical depression wider. The width of the latter is to the 
diameter of the shell as 32 is to 58, the numbers representing the respective dimenSions in millemeters of 
a testiferous example. Comparing caf'ts of the interior of the two species, the differences are more 
obvious, the whorls of JJI. crassa being mure slender and more rounded in section on the lower side 
especially, and the umbilicus open to such an extent that nearly the Whole width of the inner whorl is 

exposecl to view. Because of tbe extreme thickness of the shell, the suture, though very close on the 
exterior, i.~ unusually deep in casts, while the mouth expands somewhat like a trumpet. Oasts of the 
interior look very much like the exterior of the shell of M knoxvillensis,. yet even with this unequal 
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Maclurlna.] 

comparison it will be observed that the umbilir-us does not descend as aoruptly as in that species, the 
convex slope being much more inclined giving a relatively greater width to the umbilicus at its narrowly 
rounded margin. 

Var MACRA, n. var. 

PLATE LXXV, FIGS. 15 and 16. 

The cast upon which this variety is based, was found at a lower horizon than that which holds the 
typical form. So far as we can see It differs only in being more depressed, the transverse and vertical 
diameters of the last whorl near the aperture being to each other respectively as four is to three. In the 
typical form the same dimensions are as four is to five. Part of this difference may be due to clistortion
indeed we think it is, since at the inner end of the outer whorl the two dimensions are almost e(iual. 

Formation and locality.-Of the typical form we have four specimens, from the Maclurea hed of the 
Trenton group, of wbich one was obtained from each of the following lo~alities in Minnesota: Lime Oity, 
Stewartville, Pleasant Grove and Wykoff. One of tbese belongs to the SUfI-ey museum, the others to E. 
O. Ulrich. Var. macra was collected by the latter in the Fusispira bed at Hader. 

Museum Registe1', No. 8442. 

Genus M:ACLURINA, n. gen. 

This genus is proposed in accordance with our remarks on page 1038, for the 

reception of shells heretofore classed as Maclurea, but differing from the typical 

form of the genus in wanting the projections for the attachment of muscles on 

the inner side of the operculum. Maclurea manitobensis Whiteaves, the operculum 

of which is figured and described by Whitea ves in the Canadian Record of Science 

for April, 1893, is regarded as the type of the new genus. In this species the 

nucleus is at the junction of the lower and inner margin of the operculum, and 

we believe the same is true of M. cuneata and M. subrotunda of Whitfield, which 

with Whiteaves' species~ are all that at the present time it seems safe to refer 

to Maclurina. Billings says of the operculum of his JJI. oceana that it has no 

muscular process, and he also figures the opercula of two otherwise unknown 

species which likewise are without such projections. But these opercula differ 

80 widely from that of M. manitobensis that it seems highly improbable that they 

can belong to shells of the same genus. 

M:ACL URIN A MANITOBENSIS W 11 iteaves. 

PLATE LXXVI, FIGS. ! and 5; PLATE LXXXII, J;'Ia.45. 

Maclurea manitobensis WHITE A VES, ]890, Trans. Roy. Soc. Can., vol. vii, Sect. 4, p. 75; also 1893, 
Canadian Record of Science, p. 324. 

Original description.-"Sbelllarge, attaining to a maximnm diameter of eight incbes and a half, and 
conSisting of about five somewhat slender volutions which increase rather slowly in size; outer volution 
nearly always distinctly angulated at the periphery. Left (under) side almost fiat, but faintly depressed 
in the center in some specimens and as faintly raised in others; volution, as vieWEd on the fiat sjde, very 
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comparison it will be observed that the umbllir,us does not descend a.~ ahruptly as in that species, the 
convex slope being much more inclined giving a relatively greater width to the umhilic\l~ at its narrowly 
rounded margin. 

Var MACRA, n. va)". 

PLATE LXX V. FIGS. 15 and 16. 

The cast upon which this variety is based, was found at a lower horizon than that which holds the 
typical form. So far as we can see it differs only in being more depressed, the transverse and vertical 
diameters of the last whorl near the aperture being to each other respectively as fuur is to three. In the 
typical form the same dimensions are as four is to fl ve. l'a.rt of this difference may be due to cIistortion
indeed we think it is, since at the inner end of the outer whorl the two dimensions are almost equal. 

Formation and lvcality.-Of the typical form we have four specimens, from the Maclurea bed of the 
Trenton group, of which one was obtained from each of the following lo~alities in Minnesota: Lime Oity, 
Stewartville, Pleasant Grove and Wykoff. One of these belongs to the Survey museum, the others to E. 
O. Ulrich. Var. macm was collected by the latter in the Fusispira bed at HacIer. 

Museum Registm', No. 8442. 

Genus MACLURINA, n. gen. 

This genus is proposed in accordance with our remarks on page 1038, for tbe 

reception of shells heretofore classed as Maclurea, but differing from the typical 

form of the genus in wanting the projections for the attachment of muscles on 

the inner side of the operculum. Maclurea manitobensis Whiteaves, the operculum 

of which is figured and described by Wbiteaves in the Canadian Record of Science 

for April, 1893, is regarded as the type of the new genus. In this species the 

nucleus is at the junction of the lower and inner margin of the operculum, and 

we believe the same is true of M. cuneata and L~1. subrotunda of Whitfield, which 

with Whiteaves' species~ are all that at the present time it seems safe to refer 

to Maclurina. Billings says of the operculum of his ]Jf. oceana that it has no 

muscular process, and he also figures the opercula of two otherwise unknown 

species which likewise are without such projections. But these opercula differ 

80 widely from that of M. manitobensis that it seems highly improbable that they 

can belong to shens of the same genus. 

MACLURINA MANITOBENSIS Whiteaves. 

PLATE LXXVI, FIGS. 1 and 5; PLATE LXXXII, b'lG.45. 

Maclurea manitobensis WHITEAVES, 1890, Trans. Roy. Soc. Can., vol. vii, Sect. 4, p. 75; also 189:3, 
Canadian Record of Seience, p. 324. 

Original description.-"Sbelllarge, attaining to a maximllll diameter of eight inches and a half, and 
consisting of about five somewhat slender volutions wbich increase rather slowly in size; outer volution 
nearly always distinctly angulated at the peripbery. Left (under) side almost flat, but faintly depressed 
in the center in some specimens and as faintly raised in otbers; volution, as viewec1 on the flat Side, very 
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shallowly concave in the center and slightly raised on the outer margins; suture lightly impressed. Right 
(upper) side moderately convex (the greatest thickness or depth varying in different examples from two· 
fifths to one-third the maximum diameter); somewhat conical or subhemispherical, the outer volution 
obliquely flattened and narrowing very rapidly, but in a few specimens somewhat convexly, from the 
periphery to the umbilical margin; umbilicus deep, conical, and apparently about equal in breadth to one· 
fourth of the maximum diameter, though in all the specimens collected, the test is either imperfect or 
absent at the umbilical margin; aperture obliquely and rather narrowly subtrapeziform; outer lip appar· 
ently simple; test thick. 

"Surface of the test on the left or fiat side marked with irregularly disposed, but for the I?-0st part 
distant, transverse linear grooves or periodic arrests of growt,h, each of which curve gently backward in a 
very shallowly convex curve, and occasionally with a few striations which run parallel to them. In one 
of the specimens figured which is a little less than four inches in its greatest diameter, and in which the 
whole of the test is preserved on the fiat side, there are six of these periodic arrests of gro~th on the 
outer volution, while the inner whorls are perfectly smooth. In larger but similarly preserved specimens, 
these arrests of growth which are not sufficiently deep to produce any imprel:lsion on the casts, are some· 
what more numerous and disposed at still more unequal intervals. On the right or convex side the test 
is ornamented with rounded spiral ribs of nearly equal size, and these are crossed by similarly shaped, 
straight and transverse costoo, in such a way as to present a somewhat nodulous appearance. The spiral 
ribs, however, seem to be rather broader than the narrow furrows between them while the transverse 
costre are apparently equal in breadth to the regularly concave grooves which alternate with them." 

The Minne,ota specimens referred to this species are all, save one, mere casts of the interior, but 
they agree so well with Whiteaves' figures and descriptions that there is little room for doubt concerning 
their identity with the Manitoba types of the species. The excepted specimen preserves the shell on the 
inner whorls only, and shows that the first three or four turns are very small and rounded on the lower side. 
The specimen has a width of about four inches, and consists of nearly six whorls, at which rate the largest 
example should make about seven complete volutions. None of the examples seen retain any of the test 
of the convex side of the shell, nor have we seen good moulds of the exterior, hence we cannot say that 
they had revolving lines like those found on one of the specimens described by Whiteaves. 

Formation and locality.-Maelurea bed of the TrenLon group. Whiteaves (loc. cit.) mentions numer· 
ous localities in Manit,oba. In Minnesota the species is not as abundant as the associated M. cuneata, but 
may be found at most localities in Goodhue, Dodge, Olmsted and Fillmore counties, where its particular 
horizon is exposed. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 
Museum Register, No. 4105. 

MACLURINA CUNEATA Whitfield. 

PLATE LXXVI, FIGS. 1-3; PLATE LXXXII, FIG. 46. 

Maclurea cltneata WHITFIELD, 1878, Ann. Rep. Geol, Sur. Wis., p. 75; and 1882, Geol. WiS., vol. iv, p. 
246, pI. IX, figs. 5-6. 

The diameter in this species, as far as known, does not exceed three inches, while the umbilical 
perforation is very small; otherwise casts of the interior agree almost exactly with those of M. manitobensis. 

A single testiferous example belonging to Mr. Ulrich's collection has been observed. It is a very small 
specimen, being only 16 mm. in diameter, and embedded in the rock, but on being ground down so as to 
show a vertical section, it brings out as shown in fig. 46, pI. LXXXII, some interesting features. The 
specimen consists of three and a half whorls, all gently convex on the lower side but differing considerably 
in other respects. The first two and a half turns are coiled nearly in the same plane, so that they are 
almost entirely exposed on the upper or umbilical side. With the next turn, however, the umbilicus is 
greatly contracted and in the following half turn the normal or rather the specific characters of the shall 
are established. 
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shallowly concave in the center and slightly raised on the outer margins; suture lightly impressed. Right 
(upper) side moderately convex (the greatest thickness or depth varying in different examples from two
fifths to one-third the maximum diameter); somewhat conical or subhemispherical, the outer volution 
obliquely flattened and narrowing very rapidly, but in a few specimens somewhat convexly, from the 
periphery to the umbiliGal margin; umbilicus deep, conical, and apparently about equal in breadth to one
fourth of the maximum diameter, though in all the specimens collected, the test is either imperfel)t or 
absent at the umbilical margin; aperture obliquely and rather narrowly subtrapeziform; outer lip appar

ently simple; test thick. 
"Surface of the test on the left or fiat side marked with irregularly disposed, but for the ~ost part 

distant, transverse linear grooves or periodic arrests of growt,h, each of whil)h curve gently backward in a 
very shallowly convex curve, and occasionally with a few striations which run parallel to them. In one 
of tile speCimens figured which is a little less than four inches in its greatest diameter, and in which the 
whole of the test is preserved on the flat side, there are six of these periodic arrests of growth on the 
outer vol ution, while the inner whorls are perfectly smooth. In larger but similarly preserved specimens, 
these arrests of growth which are not sufficiently deep to prod uce any impression on the casts, are some
what more numerous and disposed at still more unequal intervals. On the right or convex side the test 
is ornamented with rounded spiral ribs of nearly equal size, and these are crossed by similarly shaped, 
straight and transverse costal, in such a way as to present a somewhat nodulous appearance. The spiral 
ribs, however, seem to be rather broader than the narrow furrows between them while the transverse 
costal are apparently equal in breadth to the regularly concave grooves which alternate with them." 

The Minne<ota specimens referred to this species are all, save one, mere casts of the interior, but 
they agree so well with Whiteaves' figures and descriptions that there is little room for doubt concerning 
their identity with the Manitoba types of the species. The excepted specimen preserves the shell on the 
inner whorls only, and shows that the first three or four turns are very small and rounded on the lower side. 
The specimen has a width of about four inches, and consists of nearly six whorls, at which rate the largest 
example should make about seven complete volutions. None of the examples seen retain any of the test 
of the convex side of the shell, nor have we seen good moulds of the exterior, hence we cannot say that 
they had revolving lines like those found on one of the specimens described by Whiteaves. 

Formation and locality.-Maelurea bed of the Trenton group. Whiteaves (lac. cit.) mentions numer
ous localities in Manjt,oba. In Minnesota the species is not as abundant as the associated M. cuneata, but 
may be found at most localities in Goodhue. Dodge, Olmsted and Fillmore counties, where its particular 
horizon is exposed. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. UlriCh; W. H. Scotleld. 

Museum Register, No. 4105. 

MACLURINA CUNEATA Whitfield. 

PLATE LXXVI, FIGS. 1-3; PLATE LXXXII, FIG. 46. 

Maclurea cuneat(\ WHITFIELD, 1878, Ann. Rep. Geo!. Sur. Wis., p. 75; and 1882, Geo1. Wis., vol. iv, p. 
246, pI. IX, tlgs. 5-6. 

The diameter in this species, as far as known, does not exceed three inches, while the umbilil)al 
perforation is very small; otherwise casts of the interior agree almost exactly with those of M. manitobensis. 

A single testiferous example belonging to Mr. Ulrich's collection has been observed. It is a very small 
specimen, being only 16 mm. in diameter, and embedded in the rock, but on being ground down so as to 
show a vertical section, it brings out as shown in fig. 46, pI. LXXXII, some interesting features. The 
specimen consists of three and a half whorls, all gently convex on the lower side but differing considerably 
in other respects. The first two and a half turns are coiled nearly in the same plane, so that they are 
almost entlrely exposed on the upper or umbilical side. With the next turn, however, the umbilicus is 
greatly contracted anel in the following half turn the normal or rather the specific characters of the shell 
are established. 



Maclurlna subrotunda.l 
GASTROPODA. lO43 

Formation and locality.-Maclurea bed of the Trenton group. Casts are more or less abundant at 
Wykoff, ~tewartville, Lime City and many other localities in the southern part of the state; Whitewater, 
Wisconslll; Dubuque, Iowa. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 8440, 8441. 

MACLURINA SUBROTUNDA Whitfield, 

(Not figured.) 

Maclu1'ea subrotunda WHITFIELD, 1878, Ann, Hep. Geol. Sur. Wis. for 1877, p. 715; and 1882, Geo!. 
Wis., vol. iv, p. 246. 

Two small casts, too imperfect for illustration, yet retaining enough characters to render their 
identification with this species almost certain, were found by Mr. Ulrich in the Maclurea J)ed at Stewart
ville, Minnesota. EVidently the species is not far removed from M. cuneota, but is a smaller shell, 
attaining, according to Whitfield, "a diameter of only about one and a half inches." The casts are 
proportionally higher than llL cuneata and I he periphery much less acute, being almost vertical and 
rounded below where it joins the fiat base. At Whitewater, Wisconsin, as in Minnesota, the species is 
associated with M. cuneata. 

Family TROOHONEMATIDlE, n. fam. 

Shells trochoid, turbiniform or somew hat planorbiform, perforate or imperforate; 

margin of aperture entire, simple, rarely trumpet-shaped, sometimes with a wide 

angled notch and carina in the upper or outer part; no slit nor distinguishable band; 

surface with several strong revolving ridges or more numerous spiral striffi; test 

very slightly or not at all nacreous. Operculum unknown, probably incapable of 

pre~ervation. 

While it is impossible at the present time to give a fair estimate of the probable 

limits of this family, we may yet say with confidence that it is connected on the one 

hand through Trochonema with the Pleurotomariidre and Euomphalid(e, and on the 

other, through Cyclunema, with the Turbinidce. We may say further that the 

Trochidce, if we admit that the Gotland shells described by LindsU>m as of Trochus 

are really referable to that family, were derived from TrocllOnema. Polytrophis, 

DeKoninck, which because of its remarkable operculum deserves to rank as a 

separate family, also most probably was derived from certain members of the same 

genus. But as we will refer to these alliances in greater detail in our remarks on 

Trochonema and Cyclonema, it may suffice to say that to the best of our knowledge 

the Trochonematidce may appropriately follow the PleuJ'otomariidce and Euornphalid(c 

and precede the Trochidce, PolytrophidaJ and Turbinid(e. 
Of described genera we place here T1'ochonema and the perhaps indistinguishable 

Eunenia of Salter, Cyclonema and the closely related Strophostylzts of Hall, and, with 

some doubt, Holopea of the same author; also Craspedostoma, Lindstlom, Besides 

Maclurlna subrotunda.l 
GASTROPODA. 1043 

FormaNon and locality.-Maclurea bed of the Trenton group. Caf\ts are more or less abundant at 
Wykoff, Stewartville, Lime City and many other localities in the southern part of the state; Whitewater, 
Wisconsin; Dubuque, Iowa. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. (TIrich; W. H. Scofield. 

Museum Register, No. 8440, 8441. 

MACLURINA SUBROTUNDA Wit itfield. 

(Not figured.) 

MaclU1'ea subrotunda WHITFIELD, 1878, Ann. Hep. G(~ol. Sur. Wis. for 1877, p. 7::'; and 1882, Geo!. 
Wis., vol. iv, p. 246. 

Two small casts, too imperfect for illustration, yet retaining enoll,;h characters to render their 
identificatiun with this species almust certain, were fuund by Mr. Ulrich in the Maclurea JJed at Stewart
ville, Minnesota. Evidently the species is not far removed from M. cuneota, hut is a smaller shell, 
attaining, according to Whitfield, "a diameter of only about one and a half inches." The casts are 
proportionally higher than JJI. ctlneata a[](1 I he periphery much less acute, being almost vertical and 
rounded below where it joins the flat base. At Whitewater, Wisconsin, as in Minnesota, the species is 
associated with M. ctlneata. 

Family TROOHONEMATIDlE, n. fam. 

Shells trochoid, turbiniform or somewhat planorbiform, perforate or imperforate; 

margin of aperture entire, simple, rarely trumpet-shaped, sometimes with a wide 

angled notch and carina in the upper or outer part; no slit nor distinguishable band; 

surface with several strong revolving ridges or more numerous spiral strim; test 

very slightly or not at all nacreous. Operculum unknown, probably incapable of 

pre~ervation. 

While it is impossible at the present time to give a fair estimate of the probable 

limits of this family, we may yet say with confidence that it is connected on the one 

hand through Trochonema with the Pleurotomariidre and Euomphalid(e, and on the 

other, through Cyclunema, with the Turbinidce. We may say further that the 

Trochidce, if we admit that the Gotland shells described by LindsU>m as of Tl'ochus 

are really referable to that family, were derived from Tl'ocilonema. Polytrophis, 

DeKoninck, which because of its remarkable operculum deserves to rank as a 

separate family, also most probably was derived from certain members of the same 

genus. Bnt as we will refer to these alliances in greater detail in our remarks on 

Trochonema and Cyclonema, it may suffice to say that to the best of our knowledge 

the Trochonematidce may appropriately follow the Pleurotomariid(e and Euomphalidre 

and precede the Trochidce, Polytrophidw and Turbinid(c. 
Of described genera we place here T1'ochonema and the perhaps indistinguishable 

Eunenia of Salter, Cyclonema and the closely related Strophostylus of Hall, and, with 

some donbt, Holopea of the same author; also Uraspedostoma, Lindstrom, Besidetj 
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these Mr. Ulrich propoEes to establish and add two new genera which he regards as 

related to Cyclonema. The first of these he names DYERIA, in memory of the late 

C. B. Dyer, a former well-known coil ector at Cincinnati; the other BUCANOSPIRA, in 

allusion to the trumpet-like expansion of the aperture. Both of these genera may 

prove to have closer relations to Platyceras than we now believe.* 

FIG. S.-Two views of a large ~pecimen of Dyeria costata James sp. from the upper half of the Lor
raine group at Cincinnati, Ohio. Collection of E. O. Ulrich. 

Dyeria is founded on a Cincinnati fossil originally described by Mr. U. P. James, as Cyr-tolites co,~tatus,t 

but since 1S75 known to collectors as Bucania costata. Heretofor~ it was surposed that its whorls were 
co led in the same plane, but, as may be seen from the accompanying illustrations of a full-grown speci
men, this is not the case. Still, the coiling of the whorls may be more nearly in one plane than in the 
figured specimen-indeed, in one ca~e before us the last whorl turns upward instead of downward 
According to our opinion Dyel'ici costatci, as it should now be called, is in no wise related to any member of 
the Bellerophontacea, but on the contrary is not far removed from Cyclonema. The surface sculpture is of 
a type pertaining quite generally to that genus, even to the watter of the transverse wrinkles or undula
tions on the last whorl of old examples. It is true the margin of the lip and, therefore, the lines of 
growth, take a more undulating course in circlin~ the whorls than in any Cyclonema known to us, but 
when a sinus does occur in the lip of a Cyclonema it is in a corresponding region or regions. However, 
Dyeria differs widely from that genus in the depresed-almost involute-form of its shell, in having a 
considerable part of the last whorl vagrant and nearly straight, and in the simple unthickened character 
of the inner lip. It remains to be seen whether the vagrant character of the last whorl is essential or 
not. If it is not then the genus may justly include forms like Lindstrom's Euomphalus tuba. 

u c b 

FIG. 9.-Buco/lospim eXpCl?lSCt, n. gen. et sp. (Ulrich), Niagara group, Wayne county, Tennessee. a 
and b, slightly restored views, X2, of a siliCified shell, showing the expanded aperture, remains of preced
ing expansions (at 11 and b on fig. Cl), and surface markings; c, under side of the interior cast of a larger 
specimen with indication" of numerous successive apertural expansions. The umbilicus is relatively 
larger and tlw spire lower in this specimen than in the first. Collection of E. O. Ulrich. 

Eltwllo8pira is based on an undescribed UI,per Silurian shell from western Tennessee, for which we 
----

• The Pll/tuccrid,c are great.ly in need of revision. While the majority are doubtless referable to the capuJids, many 
oth~rs beloog neal' Cycloncm~ and TJlJeri(l, among the Troc/!onemaNdw. Or, if that arrangement is not acceptable, then the latter 
f"fmly w!ll h>1ve (,01)8 rpstrICted to Troc7I'I1lWW and Cuclonema, and Strophostylus (which we extend so that it lncludes shells 
:,orumonly arranged nnder Cue/oHcnl.c/.), t.ogether with Hu/opea, Dueria and Bucanospira removed to the Galyptrmidw; or a new 
llltermedLate famIly most be lllstItutecl for their reception. 

tAmer. JUlH. SeL and Arts, 3d ser., vol. iii, p. 26, lB72; see also Meek,1873, Pal. Ohio, vol, i, p. 150, pI. XIII, figs'. la,le. 
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these Mr. Ulrich propOEes to establish and add two new genera which he regards as 

related to Cyclonema. The first of these he names DYERIA, in memory of the late 

C. B. Dyer, a former well· known coil ector at Cincinnati; the other BUCANOSPIRA, in 

allusion to the trumpet-like expansion of the aperture. Both of these genera may 

prove to have closer relations to Platyceras than we now believe.* 

FIG. S.-Two views of a large ~pecimen of Dyel'ia costata James sp. from the upper half of the Lor
raine group at Cincinnati, Ohio. Collection of E. O. Ulrich. 

Dyeria is founded on a Cincinnati fossil origioally described by Mr. U. P. James, as Cyrtolites co .• tatus,t 

but sioce 1S75 known to collectors as Btlwnia costata. Heretofor~ it was supposed that its whorls were 
co led in the same plane, but, as may be seen from the accompanying illustrations of a full-grown speci
men, this is not the case. Still, the coiling of the whorls may be more nearly in one plane than in the 
figured specimen-indeed, in one ca~e before us the last whorl turns upward instead of downward 
According to our opinion Dyel'ici costatci, as it should now be called, is in no wise related to any member of 
the Bellel'ophontcicea, but on the contrary is not far removed from Cyclonema. The surface sculpture is of 
a type pertaining quite generally to that genus, even to the watter of the transverse wrinkles or undula
tions on the last whorl of old examples. It is true the margin of the lip and, therefore, the lines of 
growth, take a more undulating course in circlin~ the whorls than in any Oyclonema known to us, but 
when a sinm doe5 occur in the lip of a Uyclrmema it is in a corresponding region or regions. However, 
Dye1'ia differs widely from that genus in the depresed-almost involute-form of its shell, in having a 
considerahle part of the last whorl vagrant and nearly straight, and in the simple unthickened character 
of the inner lip. It remains to beseen whether the vagrant character of the last whorl is essential or 
not. If it is not then the genns may justly include forms like Lindstrom's Euomphalus tuba. 
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ing expansions (at 'I and 7) on fig. a), and surface markings; c, under side of the interior cast of a larger 
speci men with indication~ of n umerous ~uccessi ve apertural expansions. The umbilicus is relatively 
larger and the spire lower in this specimen than in the first. Collection of E. O. Ulrich. 

EllcclHOS1Jira is based on an undescribecl Ur·per Silurian shell from western Tennessee, for which we 
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• TIle P/utuccri(i-.t' are great.ly i~ need of revision. While the ma,jority are doubtless referable to the capulids, many 
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tAmer . .Juur, S"i. and Arts, 3d ser., vol. iii, p. 26, lB72; see also Meek,1873, Pal. Ohio, Yol, i, p. 150, pI. XIII, figs'. la,le. 
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propose the specific name expansa. As we understand it, Bucanospint is a later rnoclifieation of the type 
represented by Dyeria costata, differing mainly in this, tbat the aperture is abruptly and greatly expanded 
at intervals as growth proceeds. The old p.xpansions are either all broken away, or, as is more likely, 
reabsorbed, giving a condition precisely as in :J.1remanotus. Each expansion, bowevpr, left its mark on 
the interior of the shell as may be seen from the cast of the interior figured above (Fig'. ge). In 
Ol'aspedostoma, Lindstrom, which also has an expanded mouth, the expansion or border differs in being 
thiele, cut out on the inner side so as to leave two projecting spurs, and in being developed at one-the 
clOSing-period only. 

Genus TROCHONEMA, Salter, 

Trochonema and Eunema of SALTER, 1859, CaD. Org. Rem., Dec. 1, p. 24. 
? Trochonemopsis, MEEK, 1875, Pal. Ohio, vol. i, p. 219. 
Cyclonema (part.) of HALL, SALTER and others. 

Shell turbinate, umbilicated; spire varying In hight, base generally flattened 

yet sometimes quite ventricose; whorls not numerous (4-8), varying from strongly 

angular to rounded, always with two more or less prominent ridges or angles 

between which lies a broad vertical, usually flat or concave, peripheral space; a third 

ridge usually near the suture, while a fourth generally surrounds the umbilical 

cavity. Other, but smaller ridges may occur though chiefly on the basal half of the 

whorls. Lines of growth crossing the whorls from above obliquely backward, often 

vertical and not infrequently inclined in the opposite way on the peripheral band. 

In the last case the outer lip is broadly notched at the extremity of the upper 

peripheral angle. Aperture usually very oblique; peritreme complete; inner lip 

varying in thickness, not reflected. Type, T. umbilicatum Hall sp. 

This excellent genus exhibits considerable var~ety in its contents. There is 

scarcely a single character that pertains strictly to all the species, yet, comparing 

one with the other, we find them so closely knit together that to separate them very 

far would mean nothing less than violence to natural classification. We do not 

mean to say that the genus may not be conveniently and yet naturally divided, or 

subdivided, if that is preferable. Eunerna, Salter, the type species of which is 

scarcely more than a high and practically imperforate Troclwnema, was established at 

the same time as Trochonema. As at present understood, Eunema is not a well-marked 

genus, while its employment even as a subgenus is attended with difficulties. It 

cannot be maintained on Salter's characterization, since in shells of this type the 

relative size of the umbilicus is a very unrelia.ble generic character. However, if we 

will select another character of E. strigillatum, viz.: the very slight obliquity of its 

aperture, the group may have some value. A much better division may be instituted 

for the reception of the group of species typified by our T. pulchellum which eventu

ally gave origin to Cyclonema. The separation of this group is certainly convenient 

since it leaves Tt'ochonema (s. s.) as a more. compact and sharply defined group. 

Bl'iefdefinitions of these divisions follow: 

GASTROPODA. 1045 
Trochonema.l 

propose the specific name expansa. As we understand it, BUC(('?W8}Jim is a latr~r moclifirution of the type 
represented by Dyeria costata, differing mainly in this, that the aperture is abruptly aoel greatly expanded 
at intervals as growth proceeds. The old expansions are either all broken away, or, as is more likely, 
reabsorbed, giving a condition precisely as in l'rema}/olu8. Each expansion, h()w'~vrr, Idt its mark on 
the interior of the shell as may be seen from the cast of the interior figured alJove (Fig-. gel. In 
Oraspeaostoma, Lindstrom, which also has an expanrl('cl mouth, the expansion or brJrd';r differs in being 
thick, cut out on the inner side so as to leave two prnjec:ting spurs, and in being developed at one-the 
clOSing-period only. 

Genus TROCI-IONEMA, Salter, 

Trochonema and Eunema of SALTER, 1859, Can. Org. Hem., Dec. I, p. 24. 
? Trochonemopsis, MEEK, 1875, Pal. Ohio, vol. i, p. 219. 
Oyclonema (part.) of HALL, SALTER and others. 

Shell turbinate, umbilicated; spire varying III hight, base generally flattened 

yet sometimes quite ventricose; whorls not numerous (4-8), varying from strongly 

angular to rounded, always with two more or less prominent ridges or angles 

between which lies a broad vertical, usually flat or concave, peripheral space; a third 

ridge usually near the suture, while a fourth generally surrounds the umbilical 

cavity. Other, but smaller ridges may occur though chiefly on the basal half of the 

whorls. Lines of growth crossing the whorls from above obliquely backward, often 

vertical and not infrequently inclined in the opposite way on the peripheral band. 

In the last case the outer lip is broadly notched at the extremity of the upper 

peripheral angle. Aperture usually very oblique; peritreme complete; inner lip 

varying in thickness, not reflected. Type, T. umbil1:catum Hall sp. 

This excellent genus exhibits considerable variety in its contents. There is 

scarcely a single character that pertains strictly to all the species, yet, comparing 

one with the other, we find them so closely knit together that to separate them very 

far would mean nothing less than violence to natural classification. We do not 

mean to say that the genus may not be conveniently and yet naturally divided, or 

subdivided, if that is preferable. Eunem.a, Salter, the type species of which is 

scarcely more than a high and practically imperforate Troclwnema, was establiBhed at 

the same time as Trochonema. As at present understood, Eunema is not a well-marked 

genus, while its employment even as a subgenus is attended with difficulties. It 

cannot be maintained on Salter's characterization, since in shells of this type the 

relative size of the umbilicus is a very unreliable generic character. However, if we 

will select another character of E. strigillaturn, viz.: the very slight obliquity of its 

aperture, the group may have some value. A much better division may be instituted 

for the reception of the group of species typified by our T. pulchellum which eventu

ally gave origin to Cyclonema. The separation of this group is certainly convenient 

since it leaves T1'ochonema (s. s.) as a more. compact and sharply defined group. 

Brief definitions of these divisions follow: 
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TROOHONEMA (S. S.), Salter.-Shells turbinate and more or less widely umbilicated; 

whorls angular, with a wide vertical peripheral band, marked off above and below 

by a more or less sharp angle or carina; often with a third carina at the suture and 

a fourth around the umbilicus. Aperture generally very oblique, chiefly in its lower 

part. Type, T. umbilicatum Hall. 
EUNEMA, Salter.-In every respect like Trochonema save that the shells are 

generally higher, the umbilicus very narrow or closed entirely and the aperture very 

little oblique. Type, E. strigillatum Salter.· 

GYRONEMA, n. subgen. or gen.-Whorls generally more ventricose than in 

Trochonema, mouth only moderately oblique, umbilicus small, the surface, on the 

lower half especially, with numerous spiral ridges among which those corresponding 

with the two which bound the vertical peripheral band in Tt'ochonema are sometimes 

not easily recognized. Type, T. (G.) pulchellum, n. sp. 

Meek (Pal. Ohio, vol. i, p. 219) suggested, "at least as a su bgeneric designation," 

the name Trochonemopsis for the Devonian shell which he called T. tricarinata, 

providing that the peritreme in this shell was really not continuous. He says of the 

inner lip that above the umbilicus "it seems to be nearly or quite obsolete." We 

have no evidence on the point in question, and, therefore, cannot say wha.t should 

be done in the matter. 

The various forms of Trochonema suggest affinities with several more or less 

widely different genera and families. In the first place we pass by rather easy 

gradations through Gyronema to Cyclonema. Our G. pulchellum, for instance, retains 

many of the typical characteristics of true Trochonema. The vertical peripheral 

band, despite the fact that it is traversed by a submedian carina, is still quite easily 

recognized. In G. liratum it is less apparent, but in this case we have considerable 

of an umbilical cavity, so that its relations to Cyclonema are not very apparent. In 

G. percarinatum, however, in which the umbilicus is very small, if not entirely 

wanting, the general aspect is decidedly like Cyclonema varicosum Hall. The only 

difference of any consequence is that the inner lip is thin and not reflected nor 

excavated as it should be in a true Cyclonema. But we have most positive evidence, 

showing that the development of the excavation of the inner lip was gradual in a 

species of Cyclonema from the Stones River group in Tennessee, closely related to C. 

varicosum, in which the inner lip is much thinner than usual and very little exca

vated. In short, this and other evidence before us, is such that we are fully satisfied 

that the best representatives of Cyclonema were derived from Gyronema. 

On pages 962 and 989 we have already expressed our conviction that Trochonema 

and certain species provisionally referred to Lophospira are in some wise connected. 

That this is a fact can scarcely escape anyone who will compare our figures of 
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Trochonema, mouth only moderately oblique, umbilicus small, the surface, on the 
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providing that the peritreme in this shell was really not continuous. He says of the 
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The various forms of Trochonema suggest affinities with several more or less 
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difference of any consequence is that the inner lip is thin and not reflected nor 

excavated as it should be in a true Cyclonema. But we have most positive evidence, 

showing that the development of the excavation of the inner lip was gradual in a 
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Trochonema. umblJicatum.] 
GASTROPODA. 1047 

Lophospira trochonemoides and L. lcnoxvillensis on plate LXXII with almost any of 

the species of Trochonema figured on plate LXXVII. As best suiting the purpose we 

may recommend Trochonema bellulum, T. retrorsum and T. mad,tsonense. It will be 

observed that the two sets of shells agree closely in all respects save one, viz.: the 

former has the continuity of the lines of growth interrupted by a true "band /) on 

the upper peripheral carina, while in the latter the angle is simple and does not 

interrupt the continuity of the lines. 

Taking another set of species, Trochonema is brought into the closest kind of 

connection with some of the Upper Silurian shells which Lindstri;m has placed in 

the genus Trochus. For instance, we ask, what marked difference exists between 

our Trochonema arctatum and T. obsoletum and Lindstrom's Trochus dalli and T. 

wisbyensis? There is none of any consequence that we can discover, so we are 

constrained to say if the first pair falls strictly within the limits of Trochonema then 

the second must also. Aud what is there about all four of them that will justify 

their separation from Trochonema? T. arctatum differs from our T. robbinsi and 

T. niota Rall sp., in having a narrower peripheral band. All of these three forms 

differ from the majority of the species of Trochonema in wanting the carina near the 

suture. But this deviation is surely not of more than specific importance since the 

absent carina is developed in our T. simile, a shell that, with a general aspect like 

T. robbinsi, has the upper side of the whorls concave instead of regularly sloping 

and a carina beneath the suture. Lindstrom's Trochus lamellosus also belongs to 

Trochonema. N one of these species seems very intimately related to any of the 

other shells referred to Trochus by Lindstrom save perhaps his T. fulminatus and 

T. mollis, the latter of which is a modified Cyclonema not far removed from C . 

. transversum. As to whether these other species are true Trochidre or not, we have no 

opinion to offer at present, but some of them (e. g., T. lundgreni and T. stuxbergi) 

doubtless stand in close genetic relationship with the Lower Siluriau Raphistomina. 

TROOHONEMA UMBILIOATUM Hri ll, an cl varieties. 

PLATE LXXVlI. FIGS. 1-8. 

Pleurotomaria umbilicata HALL, 1847, Pal. N. Y., vol. i, pp. 43 and 175. 
Trochonema umbilicata SALTER, 1859, Can. Org. Rem., Dec. I, p. 27, pl. n, fig. 3. 

There are several forms or varieties of this widely distributed species. The one that occurs in the 
Trenton limestone is usually regarded as the most typical of the species. It has rather low \'olutions, 
with a shoulder-like fiat space bordering the suture and taking up abuut oue-thiru of the width of the 
upper side, the remaining two-th£rds being a concave slope to the peripheral band. This is almost exactly 
verti.cal and barely concave. The under surface from the lower peripheral angle to the sullcentral ridge 
or angularity enclOSing the umbilicus is a nearly fiat slope. The shell is rather thin and the apertural 
margin in casts is much less expanded than in the similar 1. bwchi. Lower and inner portions of peri
treme comparatively thin and not much rdlectecl. Aperture very oblique. The surface markings are 
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Lophospira trochonemoides and L. lcnoxvillensis on plate LXXII with almost any of 

the species of Trochonema figured on plate LXXVII. As best suiting the purpose we 

may recommend Trochonema bellulum, T. retrorsum and T. mad'isonense. It will be 

observed that the two sets of shells agree closely in all respects save one, viz.: the 
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Taking another set of species, Trochonema is brought into the closest kind of 

connection with some of the Upper Silurian shells which Lindstr(Yill has placed in 
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differ from the majority of the species of Trochonema in wanting the carina near the 

suture. But this deviation is surely not of more than specific importance since the 

absent carina is developed in our T. simile, a shell that, with a general aspect like 

T. robbinsi, has the upper side of the whorls concave instead of regularly sloping 

and a carina beneath the suture. Lindstrom's Trochl~s lamellosus also belongs to 

Trochonema. None of these species seems very intimately related to any of the 

other shells referred to Trochus by Lindstrom save perhaps his T. fulminatus and 

T. mollis, the latter of which is a modified Cyclonema not far removed from C. 

,~transversum. As to whether these other species are true Trochidce or not, we have no 

opinion to offer at present, but some of them (e. g., T. lundgreni and T. stuxbergi) 

doubtless stand in close genetic relationship with the Lower Silurian Raphistomina. 
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PLATE LXXVlI, FIGS. 1-8. 

Pleurotomaria umbilicata HALL. 1847, Pal. N. Y., vol. i, pp. 43 and 175. 
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TrentOD limestoDe is usually regarded as the most typical of the species. It has rather low \'olutions, 
with a shoulder-like fiat space borderiDg the suture aDd taking up abuut one-third of the width of the 
upper side, the remaiDing two-th{rds being a concave slope to the peripheral band. This is almost exactly 
vertical aDd barely COD cave. The uDder surface from the lower peripheral angle to the sulJcentral ridge 
or angularity enclosiDg the umbilicus is a Dearly fiat slope. The shell is rather thin and the apertural 
margin in casts is much less expanded thaD in the similar 1. bwchi. Lower and inner portions of peri
treme comparatively thin and not much reflected. Ap~rture very oblique. The surface markings are 
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obscure on all save the last whorl, and here even they are never coarse, though often somewhat irregular. 
The lines are not quite vertical on the outer or peripheral face crossing it from above somewhat obliquely 
backward. On the lower side they sweep very strongly backward and grow stronger as they curve over 
the median angularity into the umbilicus. In the latter the surface is first flat, then convex. Specimens 
are usnally not as large as the one shown in our fig. 2. 

Many of the Stones River group speri mens cannot be distinguished from the Trenton form, but 
occasionally we meet, in Tennessee especially, with a larger variety (see pI. LXXVII, figs. 7 and 8) which 
may be distinguished as var. latwn. Its whorls are less concave on the upper slope and enlarge more 
rapidly than in the urdinary variety. 

In Canada, at Pauquettes rapids, a variety occurs abundantly in the Black River limestone differing 
from the others in being relatively a little hig-her, very tbin, with the lines of growtb finer and more reg
ular, and the umbilical carina sharper. Figures 4-6 are of a good, though rather young example of this 
variety. The same form was figured by Salter. It may be called var canadensis. 

Fo)'mation and locality.-This species is found in the three beds of the Trenton group at many local
ities in Goodhue and Fillmore counties. We have not noticed it among the numerous Trochonemas of 
the Stones River group at Minneapolis and other points in the state, but it occurs in this formation in 
Wisconsin and Illinois; also in Kentucky, '.rennessee, New York and Canada. While it is rather a com
mon fossil through the greater part of the Trenton, and perhaps the Cincinnati period also, good speci
mens, of either casts or shells. must be counted as very rare. There is some doubt about the casts found 
at Ci ncinnati. They mayor may not belong to this species. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

frIuseum RegisteT, Nos. nOI, 8727. 

TROCHONEMA BEACH! ? TFhitjield. 

PLATE LXXVII, FIGS. li-12. 

? Trochonema beachi WHITFIELD, 1878, Ann. Rep. Geo!. Sur. Wis., p. 74; also 1882, Geol. Wis., vol. 
iV,p.213. 

We have not been able to sat.isfy ourselves concerning t.he species intenCieri by Prof. Whitfield to 
bear this name. It must be very closely related to T. umbilicatum, the only differences to be made out 
from the single view (dorsal) given by him being a thicker shell (producing t,he abrupt apertural expansion 
in the cast) and a slightly greater proportional hight of t.he volution". The umbilicus is said to be much 
narrower and more abrupt. the spire higher and the shell smaller. On plate LXXVlI, figure 11 repre
sents a section of a small specimen from Dixon, Illinois, having apparent.ly all the characters ascribed to 
T. beachi. The umbilicus, perhaps, is a trifle too large and the shell matter enclosing it somewhat thinner 
than in several other specimens that we refer here. The hight of the spire and general appearance of the 
shell is deddedly like the Canadian Black River variety of T. umbilicatum (see plate LXXVII, figures 4-6), 

but the lips are much thinner in that form. Except when the specimens are unusually good, it must 
always be a difficult matter to recognize T. beachi. 

Formation COld locality.-Stones River group, Minneapolis, Minnesota; Janesville and Beloit, Wis
consin, and Dixon, Illinois. A single example, appaffwtly of the same form, from the Black River group 
at Curdsville, Ketltucky. 

Collections.-Gelllogical and Natural History Survey of Minnesota; E. O. Ulrich. 

TROCHONEMA BELOITENSE Whitjield. 

PLATE LXXVIII, FIGS. 1-9. 

Tl'ochonema beZoitense WHITFIELD, 1878, Ann. Rep. Geol. Sur. Wis.,- p. 74; and 1882, Geol. Wis., vol. 
iv, p. 212. 

Tbough closely related to T. wnbiZic(itum, this fine species is easily distinguisheJ by its much more 
rapidly expanding and higher volutions, giving to the last whorl a much more ventricose appearance. 
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obscure on all save the last whorl, and here even they are never coarse, though often somewhat irregular. 
The lines are not quite vertical on the outer or peripheral face crossing it from above somewhat obliquely 
backward. On the lower side they sweep very strongly backward and grow stronger as they curve over 
the median angularity into the umbilicus. In the latter the surface is first flat, then convex. Specimens 

are usnally not as large as the one shown in our fig. 2. 
Many of the Stones Ri ver group speri mens cannot be distinguished from the Trenton form, but 

occasionally we meet, in Tennessee especially, with a larger variety (see pI. LXXVII, figs. 7 and 8) which 
may be distinguished as var. latwn. Its whorls are less concave on the upper slope arid enlarge more 
rapidly than in the urdinary variety. 

In Canada, at Pauquettes rapids, a variety occurs abundantly in the Black River limestone differing 
from the others in being relatively a little hig-her, very thin, with the lines of growth finer and more reg
ular, and the umbilical carina sharper. Figures 4-6 are of a good, though rather young example of this 
variety. The same form was figured by Salter. It may be called var canadensis. 

Fo)'mation and locality.-This species is found in the three beds of the Trenton group at many local
ities in Goodhue and Fillmore counties. We have not noticed it among the numerous Trochonemas of 
the Stones River group at Minneapolis and other points in the state, but it occurs in this formation in 
Wisconsin and Illinois; also in Kentucky, Tennessee, New York and Canada. While it is rather a com
mon fossil through the greater part of the Trenton, and perhaps the Cincinnati period also, good speci
mens, of either casts or shells. must be cuunted as very rare. There is some doubt about the casts found 
at Ci ncinnati. They mayor may not belong to this species. 

Collections.-Geological and Natural History Survey of Minnesola; E. O. Ulrich; W. H. Scofield. 

1l'Iuseum Register, Nos. 7il01, 8727. 

TROCHONEMA BEACH! ? TFhitjield. 

PLATE LXXVII, FIGS. &-12. 

? Trochonerna beachi WHITFIELD, 1878, A nn. Rep. Geol. Sur. Wis., p. 74; also 1882, Geol. Wis., vol. 
iv, p. 213. 

We have not been able to satisfy ourselves concerning the species intende1 by Prof. Whitfield to 
bear this name. It must be very closely related to T. umbilicatum, the only differences to be made out 
from the single view (dorsal) given by him being a thicker shell (producing t,he abrupt apertural expansion 
in the cast) and a slightly greater proportional hight of the volutions. The umbilicus is said to be much 
narrower and more abrupt. the spire higher and the shell smaller. On plate LXXVII, figure 11 repre
sents a section of a small specimen from Dixon, Illinois. having apparently all the characters ascribed to 
T. uer{chi. The umbilicus, perhaps, is a triBe too large and the shell matter enclosing it somewhat thinner 
than in several other specimens that we refer here. The hight of the spire and general appearance of the 
shell is cle/;idedly like the Canadian Black River variety of T. umbilicatum (see plate LXXVII, figures4-6), 
but the lips are much thinner in that form. Except when the specimens are unusually good, it must 
always be a difficult matter to recognize 1'. ueachi. 

FOl'mat'ion and Zocality.-Stones Riyer group. Minneapolis, Minnesota; Janesville and Beloit, Wis
consin, and Dixon, Illinois. A single example, apparp,ntly of the same form, from the Black River group 
at Curdsville, I\:,',atucky. 

Collections.-Gelllogical and Natural History Survey of Minnesota; E. O. Ulrich. 

TROCHONEMA BELOITENSE Whitjield. 

PLATE LXXVIII, FIGS. 1-9. 

Tl'ochonema IJeloitense WHITFIELD, ]878, Ann. Rep. Geol. Sur. Wis.,- p. 74; and 1882, Geol. Wis., vol. 
iv, p. 212. 

Though closely related to T. wnuiliC(ttum, this fine species is easily distinguisheJ. by its much more 
rapidly expanding and higher volutions, giving to the last whorl a much more ventricose appearance', 
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The test also is much thicker, the surface markings coarser, the angles more prominent, and the umbil
icus smaller. The last whorl often shows a tendency to become diSjoined, but this feature is never so 
pronounced as in our T. vagJ"ans. Casts of the interior, because of the thick shell, have unusually rounded 
whorls, and these are even more readily distinguished from 1'. umbilicatum than are the shells. The upper 

-of the two peripheral carinre is alwaYEl clearly indicated by a rounded ridge with minor revolving undula
tions as shown in our fig. 3. The lower carina, however, seems always to be tut obscurely reproduced on 
casts. The umbilical ridge, on the other hand, is more distinct on ~asts than on the shell itself. As may 
be seen in fig. 4, it becomes quite obsolete with age. In the Minnesota form of the species the whorls 
seem always to be more slender than in specimens from Wisconsin. 

F01'matiort and locality.-Stones River group, Minneapolis and St. Paul, Minnesota; Mineral Point 
and Beloit, Wisconsin, and Dixon, Illinois. 

Oollection.-E. O. Ulrich. 

TROCHONEMA VAGRANS, n. sp. 

PLATE LXXVII. FIG. 46; PLATE LXXViII, FIGS. 10-13. 

This form is closely related to T. beloitense-perhaps merely a variety of that species. It has more 
slender volutions, a thinner shell and, considering the size of the specimens, stronger surface markings. 
1~he shell being of only moderate thickness, the whorls of casts are also more angular. The last whorl is 
over half free and drops rapidly. 

Formation and locality.-Stones River group, Vanuxemia bed, Minneapolis, Minnesota. Apparently 
a rare fossil. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 6865. 

TROCHONEMA RUGOSUM, n. sp. 

PLATE LXXVII, FIGS. 19--22. 

Shells of this species have a much smaller umbilical perforation tban T. umbilicatum. This is due 
chiefiy to the much thicker shell, the size of the umbilicus in casts of the two species being more nearly 
equal. For the same reason the mouth of T. rugosum, as seen on casts, appears to be abruptly expanded, 
especially upon the lower and outer sides. The upper side of the whorls (in casts) is also more strongly 
convex (not angular) in the inner half and more deeply concave in the outer. On both the cast and shell 
the two peripheral carinre are more prominent, causing the space between to be more excavated. The 
surface markings are very coarse, turned backward on the upper side of the whorls, vertical on the concave 
peripheral face and again turned backward, though not as strongly as in T. umbilicatum, on the lower side. 
Here, particularly toward the aperture of adult examples, the strire are often more numerous, sometimes 
two to one, than on the peripheral band. 

Formation and locality.-Stones River group, Vanuxemia bed, Minneapolis and St. Paul, Minnesota; 
BelOit, Wisconsin. 

OoUections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

TROCHONEMA ECCENTRICUM, n. sp. (Ulrich.) 

PLATE LXXVII. FIGS. 17 and 18. 

Young examples of this species must be almost indistinguishable from T. umbilicaturn, the general 
aspect and surface markings being practically the same in both. Fully grown examples, however, are 
separated at once by the bao;;al or umbilical ridge which, instead of maintaining a submedian position, is 
swung outward gradually in the latter half of the last tura until it is immediately beneath the periphery. 
This peculiarity results in well-marked differences in the shape of the mouth, the latter appearing more 

GASTROPODA. 1049 
;rrocbonema vagrans.J 

The test also is much thicker, the surface markings coarser, the angles more prominent, and the umbil
icus smaller. The last whorl often shows a tendency to tw,come disjoined, but this feature is never so 
pronounced as in our T. vagrans. Casts of the interior, because of the thick shell, have unusually rounded 
whorls, and these are even more readily distingui;;hed from 1'. 1l1nbilicutum than are the shells. The upper 

,of the two peripheral carinm is always clearly indicated by a rounrled ridge with minor revol ving undula
tions as shown in our fig. 3. The lower carina, however, seems always to be but obscurely reproduced on 
casts. The umbilical ridge, on the other hand, is more dis~inct on ~asts than on the shell itself. As may 
be seen in fig. 4, it becomes quite obsolete with age. In the Minnesota form of the species the whorls 
seem always to be more slender than in speCimens from Wisconsin. 

F01'mation and locality.-Stones River group, Minneapolis and St. Paul, Minnesota; Mineral Point 
and Beloit, Wisconsin, and Dixon, Illinois. 

Collection.-E. O. Ulrich. 

TROCHONEMA VAGRANS, n. sp. 

PLATE LXXVII, FIG. 46; PLATE LXXVIII, FIGS. 10-13. 

This form is closely related to T. beloitense-perhaps merely a variety of that species. It has more 
slender volutions, a thinner shell and, considering the size of the specimens, stronger surface markings. 
'l'he shell being of ooly moderate thickness, the whorls of casts are also more angular. The last whorl is 
over half free and drops rapidly. 

Formation and locality.-Stones River group, Vanuxemia bed, Minneapolis, Minnesota. Apparently 
a rare fossil. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 6865. 

TROCHONEMA RUGOSUM, n. sp. 

PLATE LXXVlI, FIGS. 19-22. 

Shells of this species have a much smaller umbilical perforation than T. umbilicutum. This is due 
chiefly to the much t,hicker shell, the size of the umbilicus in casts of the two species being more nearly 
equal. For the same reason the mou th of T. 7'ugosum, as seen on casts, appears to be abruptly expanded, 
especially upon the lower and outer sides. The upper side of the whorls (in casts) is also more strongly 
convex (not angular) in the inner half and more deeply concave io the outer. On both the cast and shell 
the two peripheral carime are more prominent, causing the space between to be more excavated. The 
surface markings are very coarse, turned backward on the upper sirle of the whorls, ver~ical on the concave 
peripheral face and again turned hackward, though not, as strongly as in T. wnbilicatum, on the lower side. 
Here, particularly toward the aperture of adult examples, the striffi are often more numerous, sometimes 

two to one, than on the peripheral band. 

Formation and locality.-Stones River group, Vanuxemia bed, Minneapolis and St. Paul, Minnesota; 
Beloit, Wisconsin. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich, 

TROCHONEMA ECCENTRICUM, n. sp. (Ulrich.) 

PLATE LXXVII. FIGS. 17 and 18. 

Young examples of this species must be almost indistioguishable from T. wnbilicatum, the general 
aspect and surface markings being practically the same in both. Fully grown examples, however, are 
separated at once by the ba.,al or umbilical ridge which, instead of maintainiog a submedian position, is 
swung outward gradually in the latter half of the last tura until it is immediately beneath the periphery. 
This peculiarity results in well-marked differences in the shape of the mouth, the latter appearing more 
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triangular than quadrangular in a ventral view though decidedly quadrangular in a basal view. The 
inner and lower lips also are more strongly reflected and thicker than in any other species of the genus 
known. And yet, the shell is not much thicker than in '1'. umbilicatum. 

Formation and locaW.y.-Upper division (" Glade limestone") of the Stones River group, near Leba. 
non, Tennessee. 

Collections.-Prof. J. M. Safford; E. O. Ulrich. 

TROCHONEMA BELLULUM, n. sp. (Ulrich.) 

PLATE LXXVII, FIGS. 26-29. 

At first we were inclined to unite this species with T. €ccentricum, but a more careful comparison 
revealed differences of sufficient importance to deserve recognition. In the first place the adult shell is 
much smaller, the width of the largest specimens being less than 25 mm. (in five out of six it is less than 
20 mm.), while it is from 35 to 40 mm. in adult shells of 7. eccentricum. Next, the apical angle is usually a 
trifle narrower, giving a proportionally higher spire. Finally, the lines of growth are finer and turn 
slightly forward instead of backward in crossing the conca ve peripheral space, thereby producing, with 
the retrally curved strial of the upper side, a slight notch at the upper peripheral carina. Such a wide· 
angled notch occurs in three other species, viz.: T. retJ'orsum, T. subcrassum and T. madisonense o(this 
report, but they are all readily distinguished from the present species by other characters. Oompared 
with T. umbilic((tum, T. fragile and other similar species, T. bellulum is distinguished at, once by the 
eccentric sweep of the umbilical ridge and the subtriangular shape of the aperture resulting from it. 

Formation and locality.-Lower division ot the Stones River group, Murfreesboro, Tennessee. 

Collectiol1s.-Prof. J. M. Safford; E. O. Ulrich. 

TROCHONEMA FRAGILE, n. sp. 

PLATE LXXVII, FIGS. 13-16. 

This is a small form, the greatest diameter averaging about 15 mm., the largest seen being only 
about 22 mm. wide. The specimens closely resemble young testiferous examples of T. umbilicatum, but it 
is to be noted that it is the internal cast that agrees in its general appearance with the exterior of that 
shell. We have not seen the exterior of T. fragile, but the unusual sharpness of the angles indicates a 
very thin fragile shell, probably similar, even to the surface markings, remains of very delicate equal 
lines of growth being retained by one of the specimens, to the variety of T. umbilicatum which we 
distinguish as var. can ((dense. The lower or umbilical side must be almost exactly as in that variety, but, 
judging from the differences exhibited between the interior and exterior of other species of the genus, the 
lower boundary of the vertical peripheral face must be even more prominent than in var. canadense. 
Further comparison brings to light another difference that we believe will serve to separate the species at 
all times from that variety. Namely, the uppermost of the four carinffi is proportionally much nearer the 
suture in T. fragile, being removed from it but little more than one-fifth of the width of the upper surface 
of the whorl, whereas in all the varieties of T. umbilicatum the distance equals at least a third. In this 
feature the speci s agrees with T. subcrasswlJi and T.1·etToTSum, which see for comparisons. It is scarcely 
possible that T. fragile can be confounded with auy of the other species here described. 

Formation and locality.-Olitambonites and Fusispira beds of the Trenton group at various localities 
in Goodhue county, Minnesota. Also in beds equivalent to the latter horizon in Carroll county, Illinois. 

Collections.-Geological and Natural History Survey of Minnesota (2 specimens); W. H. Scofield (3 
specimens); E. O. Ulrich (7 specimens). 

Museum RegisteT, No. 8735. 
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triangular than quadrangular in a ventral view thoug-h decidedly quadrangular in a basal view. The 
inner and lower lips also are more strongly reflected and thicker than in any other species of the genus 
known. And yet, the shell is not much thicker than in '1'. umbilicatum. 

Fonnation and loca/-ity.-Upper division (" Glade limestone") of the Stones River group, near Leba
non, Tennessee. 

Collections.-Prof. J. M. Safford; E. O. Ulrich. 

TROCHONEMA BELLULUM, n. sp. (Ulrich.) 

PLATE LXXVII, FIGS. 26-29. 

At first we were inclined to unite this species with T. €ccentricum, but a more careful comparison 
revealed differences of sufficient importance to deserve recognition. In the first pJace the adult shell is 
much smaller, the width of the largest specimens being less than 25 mm. (in five out of six it is less than 
20 mm.), while it is from 35 to 40 mm. in adult shells of 7. eccentricum. Next, the apical angle is usually a 
trifle narrower, giving a proportionally higher spire. Finally, the lines of growth are finer and turn 
slightly forward instead of backward in crossing the concave peripheral space, thereby producing, with 
the retrally curved striffi of the upper side, a slight notch at the upper peripheral carina. Such a wide
angled notch occurs in three other species, viz.: T. retrorsum, T. subcrassurn and T. madisonense of~this 

report, but they are all readily distinguished from the present species by other characters. Compared 
with T. urnbilicatum, T. fragile and other similar species, T. bellulum is distinguished at, once by the 
eccentric sweep of the umbilical ridge and the subtriangular shape of the aperture resulting from it. 

Formation and locality.-Lower di vision 01 the Stones Ri ver group, Murfreesboro. Tennessee. 

Collectiol1s.-Prof. J. M. Safford; E. O. Ulrich. 

TROCHONEMA FRAGILE, n. sp. 

PLATE LXXVII, FIGS. 13-16. 

This i:3 a small form, the greatest diameter averaging about 15 mm., the largest seen being only 
about 22 mm. wide. The specimens closely resemble young testiferous examples of T. umbilicatum, but it 
is to be noted that it is the internal cast that agrees in its general appearance with the exterior of that 
shell. We have not seen the exterior of T. fragile, but the unusual sharpness of the angles indicates a 
very thin fragile shell, probably similar, even to the surface markings, remains of very delicate equal 
lines of growth being retained by one of the specimens, to the variety of T. umbilicatum which we 
distinguish as var. canacZense. The lower or umbilical side must be almost exactly as in that variety, but, 
judging from the differences exhihited between the interior and exterior of other species of the genus, the 
lower boundary of the vertical peripheral face must be even more prominent than in var. canadense. 

Further comparison brings to light another difference that we believe will serve to separate the species at 
all times from that variety. Namely. the uppermost of the four carime is proportionally much nearer the 
suture in T. fragile, being removed from it but little more than one-fifth of the width of the upper surface 
of the whorl, whereas in all the varie.ties of T. umbilicatum the distance equals at least a third. In this 
feature the speci s agrees with T. subcmssam and T. retToTSurn, which see for comparisons. It is scarcely 
possi!Jle that T. frClgile can he confounded with auy of the other species here described. 

Fornwtion anci locality.-Clitambonites and Fusispira beds of the Trenton group at various localities 
in Goodhue county, Minnesota. Also in beds equivalent to the latter horizon in Carroll county, Illinois. 

Collections.-Geological and Natural History Survey of Minnesota (2 specimens); W. H. Scofield (3 
specimens); E. O. Ulrich (7 specimens). 

Museum Register, No. 8135. 
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TROCHONEMA SUBCRASSUM, n. sp. 

PLATE LXXVII, FIGS. 30-34. 

The exterior of thif> form is in nearly all respects very similar to the internal casts of T.fragile, and 
the ~pecimens were at, first regarded as testiferou:'! examples of that species. However, on removing the 
shell, it became evident that it is much tbicker, especially at the angles, than it can possibly be in '[. 
fragile, and that the internal cast is much less angular than are the casts of that species. Indeed, as is 
shown in fig. 33, the sharp external carinw are only obscurely indicated on the interior cast. An equally 
important difference, and one that removes the species rather widely from all of the preceding species 
save T. bellulum, is the fact that the lines of growth, instead of continuing their general backward direc
tion on the peripheral face, are here turned forward to form a wide-angled notch as in many species of 
Lophospira. The lines of growth are very fine on the whole with many that are readily discernible to the 
unassisted eye. On the base they are not as strongly turned backward as in T. fragile and most other 
species of the genus, so that the aperture is not as oblique as usual (compare plate LXX VII, figs. 15 and 
30). The upper carina is very near the suture and sometimes scarcely removed from it. 

The comparatively slight obliquity of the aperture in this and the next species (T. retJ'orsurn) allies 
them with the forms included in the subgenus Eunema. 

Formation and locality.-The types of this species are from the upper part of the Trenton group in 
Mercer and Boyle counties, Kentucky. A single cast of the interior, apparently iJelonging here, was found 
in the Fusispira bed near Cannon Falls, Minnesota. 

Oollection -E. O. Ulrich (12 specimens). 

TROCHONEMA RETRORSUM, n. sp. 

PLATE LXXVII, FIGS. 35-38. 

In most respects like T. SUbCl'aS8Um, but the mouth is even less oblique, the umbilicus narrower and 
much more abrupt, the shell thinner, the inner lip st,raighter, and the lines of growth even finer and more 
regular. The almost vertical wall of the umbilicus and the very slight backward curve of the lines of 
growth on the base of the shell are two very striking features when the species is compared with T. 
umbilicatum and other species of th'lt type. The mouth is pentagonal, the upper carina very near the 

suture. 

Formation and locality.-Ctenodonda bed, Black River group, Goodhue county, Minnesota. 

Oollection.-E. O. Ulrich. 

TROCHONEMA MADISONENSE, n. sp. (Ulrich.) 

PLATE LXXVII. FIGS. 23-25. 

A large t:.hell agreeing in most particulars with T. 11mbilicatmn, but having relatively higher and 
more ventricose whorls, while the ridge, which generally Eurrounds the umbilical depression in this genus, 
is quite obsolete. The shell is thicker, the surface markings stronger, the mouth very oblique and with 
thicker lips. Oasts of the interior of the two species are more ali ke than their exteriors, yet those of the 
present may be distinguished by the greater separation of the whorls due to the removal of a greater 
thickness of shell. There is a wide notch in the outer and upper portions of the peritreme which, with 
the somewhat triangular form of the aperture in a ventral view, suggests relations with T. eccentl'iCll1J1. 

Figures of that shell are gi ven on the same plate with those of this 8pecies, so it is scarcely necessary to 

compare them further. 

Formation and locality -RiChmond group, Madison, Indiana. 

Oollection.-E. O. Ulrich. 
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TROCHONEMA SUBCRASSUM, n. sp. 

PLA'l'E LXXVII. FIGS. ao - 34. 

The exterior of thifi form is in nearly all respects very similar to the internal casts of T.fragile, and 
the ~pecimens were at, first regarded as testiferou" examples of that species. However, on removing the 
shell, it became evident that it is much tbicker, especially at the angles, than it can possibly be in 1. 
fragile, and that the internal cast is much less angular than are the casts of that species. Indeed, as is 
shown in fig. 33, the sharp external carinm are only obscurely indicated on the interior cast. An equally 
important difference, and one that removes the species rather widely from all of the preceding species 
save T. bellulum, is the fact that the lines of growth, instead of continuing their general backward direc
tion on the peripheral face, are here turned forward to form a wide-angled notch as in many species of 
Lophospira. The lines of growth are very fine on the whole with many that are readily discernible to the 
unassisted eye. On the base they are not as strongly turned backward as in T. fragile and most other 
species of the genus, so that the aperture is not as oblique as usual (compare plate LXX VII, figs. 15 and 
30). Tbe upper carina is very near the suture and sometimes scarcely removed from it. 

The comparatively slight obliquity of the aperture in this and the next species (T. retl'orsmn) allies 
them with the forms included in the subgenus Eunema. 

Formation and locality.-The types of this species are from the upper part of the Trenton group in 
Mercer and Boyle counties, Kentucky. A single cast of the interior, apparently iJelonging here, was found 
in the Fusispira bed near Cannon Falls, Minnesota. 

Oollection -E. O. Ulrich (12 specimens). 

TROCHONEMA RETRORSUM, n. sp. 

PLATE LXXVII, FIGS. 35-38. 

In most respects like T. subcl'assum, but the mouth is even less oblique, the umbilicus narrower and 
much more abrupt, the shell thinner, the inner lip st,raighter, and the lines of growth even finer and more 
regular. The almost vertical wall of the umbilicus and the very slight backward curve of the lines of 
growtb on the base of the shell are two very striking features when the species is compared with T. 

umbilicatum and other species of th3.t type. The mouth is pentagonal, the upper carina very near the 

suture. 

Formation ancI locality.-Ctenodonda bed, Black River group, Goodhue county, Minnesota. 

Oollection.-E. O. Ulrich. 

TROCHONEMA MADISONENSE, n. sp. (Ulrich.) 

PLATE LXXVII. FIGS. 23-25. 

A large ",hell agreeing in most particulars with T. mnbiUcatl1m, but having relatively higher and 
more ventricose whorls, while the ridge, which generally EUrrounds the umbilical depression in this genus, 
is quite obsolete. The shell is thicker, the surface markings stronger, the mouth very oblique and with 
thicker lips. Casts of the interior of the two species are more alike than their exteriors, yet those of the 
present may be distinguished by the greater separation of the whorls due to the removal of a greater 
thickness of shell. There is a wide notch in the outer and upper portions of the peritreme which, with 
the somewhat triangular form of the aperture in a ventral view, suggests relations with T. eccelltl'ic!l1l1. 
Figures of that shell are given on the same plate with those of this species, so it is scarcely necessary to 

compare them further. 

Formation and locality -Richmond group, Madison, Indiana. 

Oollection.-E. O. Ulrich. 
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TROCHONEMA NIOTA Hall. 

PLATE LXXVI. FIGS. 16-\8. 

Pleurotomaria niota HALL, 1861, Geol. Sur. Wis. Rep. Prog .. p. 33; WHITFIELD, 1895, Mem. Amer. Mus. 
Nat. Rist., vol. i, pt. ii, p. 60, plate VII, fig. 11. 

Original clescription.-" Sbelllarge, broadly subconicaJ, tbe diameter tbrough tbe last volution equal 
to about four-fiftbs of tbe bigbt, consisting- of six volutions, wbicb are flattened on the peripbery, with a 
very slightly concave space upon the upper side. extending to the suture; lower side rounded into the 
moderately large umbilicus, the last volution large and ventricose. 

"Surface cbaracter unknown, except a few undefined undulations near the extremity of the last 
volution, wbich are more distinct below tban above." 

The above description is not very clear, and as Hall compares tbe species witb bis Pleurotomaria 

suuconica and P. bicincta, saying tbat it is intermediate in form between them, we naturally failed to 
recognize the form until Whitfield (lac. cit.) figured the original type The specimen illustrated by us evi
dently is in better condition than tbe type, and shows clearly that it has no affinities with tbe two species 
witb wbicb Hall compares his specinlen. It is nothing more nor les~ tban a higb-spired l'rochonema, with 
a very small umbilicus for this genus. Tbe upper slope of tbe wborls is more concave tban sbown in 
Whitfield',; figure. The lower lip was broadly sinuated, the inner almost vertical, while tbe shell appears 
to ha ve been thin and the surface markings not very strong. 

Fornwtion (tnel locality.-Buff limestone (? Stones River group), Beloit, Wisconsin, wbere tbe speci
men here used was collected by Mr. H. O. Powers. 

Collection.-E. O. Ulricb. 

TROCHONEMA ALTUM, n. Sp. 

PLATE LXXVII, FIGS. 30-41. 

The cast of the interior figured on plate LXXVII is all we bave seen of this species. It evidently 
represents a J'rochonerna with an unusually high spire, minute umbilicus, wide peripheral band and 
slightly convex rather than concave upper slope. In some respects it reminds one of T. niota Hall sp., but 
has a wider peripheral band, more roundecl whorls, and seems to bave been a much smaller sbell. We 
know of no other species near enough to require comparisons. 

Both T. altum ancl 1'. niota form relatively high she'ls, and might therefore be referred to the sub
genus Eunema, but as tbeir mouths are oblique we think it best to leave them in the typical section of 
the genus. 

F01Tlwtion emel locality.-Lower half of Fusispira bed, Trenton group, near Cannon Falls, Minnesota. 

Collection.-E. O. Ulrich. 

Subgenus EUNEMA, Salter. 

Eunema, SALTER, 1859, Canadian OrganiC Remains, Dec. I, pp. 24 and 29. 

This term may be employed provisionally as a subgeneric designation under 

Trochonema. As defined on p. 1046, it will include, besides the type, E. strigillatum 

Salter, the following six species. In none of the latter is the spire as high as in 

Salter's species, but all have about the same kind of mouth, and that we deem of 

more consequence than either the hight of the spire or the size of the umbilicus. 

E. pagoda Salter and E. vrisca Billings are widely different, being Pleurotomariidce 
(see p. 1021). 
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TROCHONEMA NIOTA Hall. 

PLATE LXXVI. FIGS. 16-18. 

Pleurotomaria niota HALL, 1861, Geol. Sur. Wis. Rep. Prog., p. 33; WHITFIELD, 1895, Mem. Amer. Mus. 
Nat. Hist., vol. i, pt. ii, p. 60, plate VII, fig. 11. 

Original elescription.-" Shell large, broadly su bconicaL the diameter through the last volution equal 
to about four-fifths of the hight, consisting of six volutions, which are flattened on the periphery, with a 
very slightly concave space upon the upper side. extending to the suture; lower side rounded into the 
moderately large umbilicus, the last volu tion large and ventricose. 

"Surface character unknown, except a few undefined undulations Ileal' the extremity of the last 

volution, which are more distinct below than aboye." 
The above description is not very clear, and as Hall compares the species with his Pleurotomaria 

suuconica and P. uicincta, saying that it is intermediate in form between them, we naturally failed to 
recognize the form until Whitfield (loc. cit.) figured the original type The specimen illustrated by us evi
dently is in better condition than the type, and shows clearly that it has no affinities with the two species 
with which Hall compares his specimen. It is nothing more nor les~ than a high-spired l'rochonema, with 
a very small umbilicus for this genus. The upper slope of the whorls is more concave than shown in 
Whitfielcl'~ figure. The lower lip was broadly sinuated, the inner almost· vertical, while the shell appears 
to ha ve been thin and the surface marking~ not very strong. 

Formation cmel locality.-Buff' limestone (? Stones River group), Beloit, Wisconsin, where the speci
men here used was collected by Mr. H. O. Powers. 

Collection.-E. O. Ulrich. 

TROCHONEMA ALTUM, n. sp. 

PLA TE LXX VII, FIGS. 30-41. 

The cast of the interior figured on plate LXXVII is all we have seen of this species. It evidently 
represent5 a 'l'rochonemct with an unusually high spire, minute umbilicus, wide peripheral band and 
slightly convex rather than concave upper slope. In some respects it reminds one of T. niota Hall sp., but 
has a wider peripheral band, more rounded whorls, and seems to have been a much smaller shell. We 
know of no other species near enough to require comparisons. 

Both T. altum and T. niota form relatively high she'ls, and might therefore be referred to the sub
genus Eunema, but as their mouths are oblique we think it best to leave them in the typical section of 
the genus. 

F01'111ation and local-ity.-Lower half of Fusispira bed, Trenton group, near Oannon Falls, Minnesota. 

Collection.-E. O. Ulrich. 

Subgenus EUNEMA, Salter. 

Eunema, SALTER, 1859, Oanadian Organic Remains, Dec, I, pp. 24 and 29. 

This term may be employed provisionally as a subgeneric designation under 

Trochonema. As defined on p. 1046, it will include, besides the type, E. strigillatum 

Salter, the following six species. In none of the latter is the spire as high as in 

Salter's species, but all have about the same kind of mouth, and that we deem of 

more consequence than either the hight of the spire or the size of the umbilicus. 

E. pagoda Salter and E. vrisca Billings are widely different, being Pleurotomariidce 
(see p. 1021). 



GASTROPODA. 1053 
Trochonema salterl.] 

TROCHONEMA (EUNEMA) SALTERI, n. sp. 

PLATE LXXVII, FIGS. 4~-4o 

Shell 20 to 30 mm. in hight; width across the body whorl about three-fourth" of the hight; apical 
angle about 65°. Whorls fout or five, angular, with a gently concave slope above nearly to the suture, and 
an equally wide vertical flat peripheral band; base moderately ventricose, umbilicus extremely small or 
wanting; close to the suture a slight angularity. Of the two peripheral angles the upper is the more 
prominent, the lower being comparatively obscure, especially near the aperture. Lines of growth fine, 
crossing the whorls somewhat obliquely backward and downward, the direction being almost uniform on 
all parts; slightly sinuate on the base. Aperture obscurely triangular in outline, somewhat effuse below, 
with the inner lip nearly straight. 

Eunema st1'igillatum Salter is a higher 8hell, and differs more importantly in baving the lines or 
growth turned forward instead of backward after crossing the upper of the two peripheral carin::e. 

T. salteri resembles species of Lophospira very greatly, and collectors may find it difficult to recog
nize unless they are fortunat~ enough to meet with good specimens retaining either the mouth or some of 
the surface markings. 

F01'mation and locality.-Lower half of Fusispira bed, Trenton group, Goodhue county, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 7375. 

TROCHONEMA (EUNEMA) NITIDUM, n. sp. (Ulrich.) 

PLATE LXXVU. FIGS. 44 and 45. 

Related to T. salteTi, but has a shorter and smaller spire, and proportionally larger and much more 
ventricose body whorl. The lower margin of the peripheral band also is more obscure, the upper slope 
more concave, the lines of growth very fine and more nearly vertical, the inner lip not so straight and the 
aperture less oblique and more ovate. The specimen illustrated may be said to be of tbe average size, 
though we have an interior cast of one that was fully twice as large. 

Formation arid locality.-Utica group, Oincinnati, Ohio, and localities in the vicinity of that city. 

Collection.-E. O. Ulrich. 

TROCHONEMA (EUNEMA) ROBBINSI, n. sp. 

PLATE LXXVI. FIGS. 11-15. 

This also is related to T. salteri, yet may be distinguished very easily by its more depressed, subcon
ieal, shape, much less ventricose base, perfectly even and longer upper slope, and more prominent and 
sharper lower angle. The umbilical pel foration is very small and mostly covered by tbe reflexed inner lip. 

The specific name is given in honor of Dr. C. H. Robbins, of Wykoff, who first brought the shell to 
our notice. We are indebted to this gentleman for many good specimens and courtesies while visiting 
his locality. 

Formation and locality.-Fusispira bed, Wykoff, Minnesota. 

Collectiolls.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 7516. 

TROCHONEMA (EUNEMA) SIMILE, n. Sp. 
(Not figured.) 

This form is in some respects intermediate between T. s((lteri and T. Tob~insi, being more depressed 
than the former and not as much as the latter. Tbe angles are slightly more prominent than in either, 
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TROOHONEMA (EUNEMA) SALTERI, n. sp. 

PLATE LXXVII, FIGS. 4~-4o 

Shell 20 to 30 mm. in hight; width across the body whorl about three-fourths of the hight; apical 
angle about 65°. Whorls foui' or five, angular, with a gently conca ve slope above nearly to the suture, and 
an equally wide vertical flat peripheral band; base moderately ventricose, umbilicus extremely small or 
wanting; close to the suture a slight angularity. Of the two peripheral angles the upper is the more 
prominent, the lower being comparatively obscure, especially near the aperture. Lines of growth fine, 
crossing the whorls somewhat obliquely backward and downward, the direction being almost uniform on 
all parts; slightly sinuate on the base. Aperture obscurely triangular in outline, somewhat effuse below, 
with the inner lip nearly straight. 

Eunema st7'igillatum Salter is a higher ~hell, and differs more importantly in having the lines or 
growth turned forward instead of backward after crossing the upper of the two peripheral carin<e. 

T. salteri resembles species of Lophospij'a very greatly, and collectors may find it difficult to recog
nize unless they are fortunat~ enough to meet with good specimens retaining either the mouth or some of 
the surface markings. 

F07'mation and locality.-Lower half of Fusispira bed, Trenton group, Goodhue county, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 7375. 

TROOHONEMA (EUNEMA) NITIDUM, n. sp. (Ulrich.) 

PLATE LXXVU. FIGS. 44 and 45. 

Related to T. salteTi, but has a shorter and smaller spire, and proportionally larger and much more 
ventricose body whorl. The lower margin of the peripheral band also is more obscure, the upper slope 
more concave, the lines of growth very fine and more nearly vertical, the inner lip not so straight and the 
aperture less oblique and more ovate. The specimen illustrated may be said to be of the average size, 
though we have an interior cast of one that was fully twice as large. 

Formation and locality.-Utica group, Oincinnati, Ohio, and localities in the vicinity of that city. 

Collection.-E. O. Ulrich. 

TROOHONEMA (EUNEMA) ROBBINSI, n. sp. 

PLATE LXXVI. FIGS. 11-15. 

This also is related to T. salteri, yet may be distinguished very easily by its more depressed, subeon
ieal, shape, much less ventrieose base, perfectly even and longer upper slope, aod more promineo t and 
sharper lower angle. The umbilical perforation is very small and mostly covered by the refiexed inner lip. 

The specific name is given in honor of Dr. O. H. Robbins, of Wykoff, who first brought the shell to 
our notice. We are indebted to this gentleman for many good specimens and courtesies while visiting 
his locality. 

FOl'mation and locality.-Fusispira bed, Wykoff, Minnesota. 

Collectiolls.-Geologieal and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Registej', No. 7516. 

TROOHONEMA (EUNEMA) SIMILE, n. sp. 

(Not figured.) 

This form is in some respects intermediate between T. snlteri and T. Tob~illsi, being more depressed 
than the former and not as much as the latter. The angles are slightly more prominent than in either, 
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and the peripheral band is somewhat concave, while the upper slope shows a swelling in the upper half 
or a blunt ridge close to the suture and is concave for the rest. Care is reQuired in distinguishing casts 
of this and several species of Lophospira. 

Formation ancl locality.-Fusispira bed of the Trenton group, Wykoff, Minnesota. 

Colleetiol1.-E. O. Ulrich. 

TROCHONEMA (EUNEMA) ARCTATUM, n. sp. (Ulrich.) 

PLA TE LXXVI, FIGS 0 and 10. 

Shell small, about 9 mm. in hight, narrow, subconical, the apical angle about 58°; peripheral band 
unusually narrow, about half as wide as the upper slopE', pitching inward, the upper margin being more 
promi nently angular or keeled than the lower; upper slope slightly concave in the lower half and convex in 
the upper; base depressed convex, umbilical perforation small but distinct; aperture not very oblique, 
subovate, rounded on the inner side, higher than wide. The lines of growth are very fine. As near as 
they can be made out, they cross the whorls at about the same angle as in T. robbinsi. 

The peripheral band is so narrow that the shell is very apt to be mistaken for one of the Pleuroto
mariidce. Sardeson describes a Plem'otomaria clivosa from the Black River shales at Minneapolis that looks 
so much like T. arctalum that we suspect it belongs to this genus. 

Formation ancl locality.-Upper part of Trenton group, near Burgin, Kentucky. 

Collection.-E. O. Ulrich. 

TROCHONEMA (EUNEMA) OBSOLETUM, n. sp. (Ulrich.) 

PLATE LXXVI. FIGS. 6-8. 

Excepting the body whorl, this small shell would differ from T. aretatum only in being a trifle wider 
but with the last whorl it assumes a very different expression. The last whorl namely is relatively quite 
rounded, the upper slope being inflated and the b:lse somewhat ventricose, while between the two the 
peripheral band is scarcely distinguishable. The lines of growth, while extremely delicate on the upper 
whorls and still fine on the last, are neverthele3s much stronger here, with now and then a wrinkle that 
is distinctly visible to the naked eye. The axis seems not to be perforated, the central part of the base 
being merely sunken in. 

Formation ancZ locality.-Upper part of Trenton group, near Burgin, Kentucky. 

Collection.-E. O. Ulrich. 

Subgenus (~genus) GYRONEMA, Ulrich. 

This group of species occupies an intermediate position between the true 

Trochonemas and Cyclonema. (See remarks and definition pp. 1045 to 1047.) As we 

believe the division is important and well founded in nature, we shall employ it 
here in the sense of a full genus. 

(}YRONEMA PULCHELLUM, n. sp. 

PLATE LXXVIII. FIGS. 19-21. 

Shell small, 9 to 17 mm. in hight; greatest width of borly whorl, which constitutes much the greater 
part of the shell, equalling' about, three·fonrths of the hight; apical angle about 85°. Whorls six and a 
half in an entire shell, the flrst two minute, rounded, glassy, and perfectly smooth, the third gradually 
assuming the angles of the following turns. Body whorl divided into three sub equal regions; first, the 
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and the peripheral band is somewhat concave, while the upper slope shows a swelling in the upper half 
or a blunt ridge close to the suture and is concave for the rest. Care is reQuired in distinguishing casts 
of this and several species of Lophospira. 

Formation ancl locality.-Fusispira bed of the Trenton group, Wykoff, Minnesota. 

Collection.-E. O. Ulrich. 

TROCHONEMA (EUNEMA) ARCTATUM, n. sp. (Ulrich.) 

PLATE LXXVI, FIGS 9 and 10. 

Sbell small, about 9 mm. in higbt, narrow, subr.onical, tbe apical angle about 58°; peripheral band 
unusually narrow, about balf as wide as the upper slopE', pitching inward, tbe upper margin being more 
prominently angular or keeled than the lower; upper slope slightly concave in the lower half and convex in 
the upper; base depressed convex, umbilical perforation small but distinct; aperture not very oblique, 
subovate, rounded on the inner side, higher tban wide. The lines of growth are very fine. As near as 
they can be made out, they cross the whorls at about the same angle as in T. robbinsi. 

The peripheral band is so narrow that the shell is very apt to be mistaken for one of the Pleuroto
mariidce. Sardeson describes a Pleurotomarict clivosa from the Black River shales at Minneapolis that looks 
so much like T. arctalum that we suspect it belongs to tbis genus. 

Formation ancl locality.-Upper part of Trenton group, near Burgin, Kentucky. 

Collection.-E. O. Ulrich. 

TROCHONEMA (EUNEMA) OBSOLETUM, n. sp. (Ulrich.) 

PLATE LXXVI. FIGS. 6-8. 

Excepting the body whorl, this small shell would differ from T. arelatum only in being a trifle wider 
but witb the last whorl it assumes a very e!ifferent expression. The last whorl namely is relatively Quite 
rounded, the upper slope being inflated and the b:!se somewhat ventricose, while between the two the 
peripheral bane! is scarcely distinguishable. Tbe lines of growth, while extremely delicate on tbe upper 
whorls and still flne on the last, are nevertheless much stronger here, with now and then a wrinkle tbat 
is distinctly visible to the naked eye. Tbe axis seems not to be perforated, tbe central part of the base 
being merely sunken in. 

Fo'rrnation ancl locaUty.-Upper part of Trenton group, near Burgin, Kentucky. 

Collection.-E. O. Ulricb. 

Subgenus 0 genus) GYRONEMA, Ulrich. 

This group of species occupies an intermediate position between the true 

Trochonemas and Cyclonema. (See remarks and definition pp. 1045 to 1047.) As we 

believe the division is important and well founded in nature, we shall employ it 
here in the sense of a full genus. 

GYRONEMA PULCHELLUM, n. sp. 

PLATE LXXVIII. FIGS. 19-21. 

Shell small, 9 to 17 mm. in bight; greatest width of boely wborl, which constitutes much the greater 
part of tbe sbell, equalling about, three-fourths of the hight; apical angle about 85°. Whorls six and a 
balf in an entire shell, the flrst two minute, rounded, glassy, and perfectly smooth, the third gradually 
assuming the angles of the following turns. Body whorl divided into three subequal regions; first, the 
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upper slope, of which the inner third is almost horizontal and the outer two-thirds a strongly concave 
slope, a sharp angle or ridge dividing the two parts; second, the peripheral band, which is nearly vertical, 
margined on each side by a sharp carina and rendered somewhat bi-concave by a smaller carina, which 
first makes its appearance on the fifth whorl, lying slightly beneath the middle of the space; and third 
the basal part of the whorl is flattened rather than ventricose and traverscd by five or six small revolving 
ridges and furrows, the last of which marks alI the boundary of the small umbilical perforation. Surface 
showing very fine and rather regular lines of growth which cross the whorls from above somewhat 
obliquely backward. On one beautifully preserved example the whole surface, when highly magnified, is 
seen to be covered with a crowded set of extremely delicate revolving lines. Aperture subovate or somc
what hexagonal, its hight slightly exceeding the width; peritreme thin, the inner lip reflected partly over 

the umbilicus. 

F01'mation and locaUty.-Otenodonta bed of the shales of the Black River group, Minneapolis, Ohat
field and near Oannon Falls, Minnesota; also in the limestones of this group in Mercer county, Kentucky. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 6854. 

GYRONEMA SEMICARINATUM Salter. 

PLATE LXXVIII. FIGS. 17 and 18. 

Cyclonema semicarinata SALTER, 1859, Oan. Org. Rem., Dec. I, p. 27, pI. VI, figs. 2 and 2a, not 2b. 

This species is distinguished from G. pulchellum by its stronger lines of growth, and the much 
greater prominence of the carina which corresponds with the upper boundary of the vertical peripheral 
band in that species. The lower boundary is only very slightly more prominent than the rest of the six 
or seven revolving carimB which lie beneath the principal keel. The upper slope of the whorls also is 
somewhat wider than in G. pulchellum, and, furthermore, may be, as in the specimen flgured, divided 
on the last whorl by an extra small median carina. This extra carina is probably not of much conse
quence since it occurs only on a part of the last whorl in our specimen, and is neither mentioned nor illus
trated by Salter. 

We have not the least doubt concerning the specific identity of the Minnesota specimen and the 
shell represented by Salter's figures 2 and 2/1, (loc. cit.), but we cannot say as much for his fig. 2b. The last 
might pass very well for our G. pulchellum since it gives the peripheral band as nearly vertical, the carina 
which forms its lower boundary being nearly or quite aR prominent as the upper. The upper slope, how
ever, is not as concave a'3 it should be in our species. 

Formation and locality.-Phylloporina bed of the shales of the Black Ri ver group, near Oannon Falls, 
Minnesota. 

Collection.-E. O. Ulrich. 

GYRONEMA DUPLICATUM, n. sp. 

PLATE LXXVllI, FIGS. 22-25. 

Oomp. Pleurotomariapercarinata HALL, 1847, Pal. N. Y., vol. i, p. 177, pI. XXXVIII, fig. 4. 

This is distinguished from G. pulchellum, which it resembles in a general way much more closely 
than it does G. semicarinatum Salter gp., by its larger size, entirely closed umbilicus, and less angular 
whorls. The carina on the upper slope of the whorls is less prominent and smaller (in casts of the interior 
it looks more like a thick swelling than a carina), and on the last whorl it is apparently always divided 
into two thin lines. Between these and the upper peripheral angle, which is the strongest but not the 
most prominent on the whorl, the surface is concave, but not as deeply so as in G. pulchellum. The lower 
keel of the peripheral band is not always readily distinguished since it is followed on the slightly ventri
cose base by six or seven similar though generally somewhat smaller carimB, while above it there is at 
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upper slope, of which the inner third is almost horizontal and the outer two-thirds a strongly concave 
slope, a sharp angle or ridge dividing the two parts; second, the peripheral band, which is nearly vertical, 
margined on each side by a sharp carina and rendered somewhat bi-conca ve by a smaller carina, which 
flrst makes its appearance on the fifth whorl, lying slightly beneath the middle of the space; and third 
the basal part of the whorl is flattened rather than ventricose and traversed by five or six small revolving 
ridges and furrows, the last of which marks off the boundary of the small umbilical perforation. Surface 
showing very fine and rather regular lines of growth which cross the whorls from above somewhat 
obliquely backward. On one beautifully preserved example the whole surface, when highly magnifled, is 
seen to be covered with a crowded set of extremely delicate revolving lines. Aperture subovate or some
what hexagonal, its hight slightly exceeding the width; peritreme thin, the inner lip reflected partly over 

the umbilicus. 

F01'mation and locaUty.-Otenodonta bed of the shales of the Black River group, Minneapolis, Ohat
field and near Oannon Falls, Minnesota; also in the limestones of this group in Mercer county, Kentucky. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 6854. 

GYRONEMA SEMICARINATUM Salter. 

PLATE LXXVIII. FIGS. 17 and 18. 

Cyclonema semicaTinata SALTER, 1859, Oan. Org. Rem., Dec. I, p. 27, pI. VI, figs. 2 and 2a, not 2b. 

This species is distinguished from G. pulchellum by its stronger lines of growth, and the much 
greater prominence of the carina which corresponds with the upper boundary of the vertical peripheral 
band in that species. The lower boundary is only very slightly more prominent than the rest of the six 
or seven revolving carinffi which lie beneath the principal keel. The upper slope of the whorls also is 
somewhat wider than in G. pulchellum, and, furthermore, may be, as in the specimen figured, divided 
on the last whorl by an extra small median carina. This extra carina is probably not of much conse
quence since it occurs only on a part of the last whorl in our specimen, and is neither men tioned nor illus
trated by Salter. 

We have not the least doubt concerning the specific identity of the Minnesota specimen and the 
shell represented by Salter's figures 2 and 21), (loc. cit.), but we cannot say as much for his fig. 2b. The last 
might pass very "ell for our G. pulchellum since it gives the peripheral band as nearly vertical, the carina 
which forms its lower boundary being nearly or quite aH prominent as the upper. The upper slope, how
ever, is not as concave a'3 it should be in our species. 

Formation and locality.-Phylloporina bed of the shales of the Black River group, near Oannon Falls, 
Minnesota. 

Oollection.-E. O. Ulrich. 

GYRONEMA DUPLICATUM, n. sp. 

PLATE LXXVIiI, FIGS. 22-25. 

Oomp. Pleurotomariapercarinata HALL, 1847, Pal. N. Y., vol. i, p. 177, pI. XXXVIII, fig. 4. 

This is distinguished from G. pulchellum, which it resembles in a general way much more closely 
than it does G. semicarinatum Salter gp., by its larger size, entirely closed umbilicus, and less angular 
whorls. The carina on the upper slope of the whorls is less prominent and smaller (in casts of the interior 
it looks more like a thick swelling than a carina), and on the last whorl it is apparently always divided 
into two thin lines. Between thilse and the upper peripheral angle, which is the strongest but not the 
most prominent on the whorl, the surface is concave, but not as deeply so as in G. pulchellwn. The lower 
keel of the peripheral band is not always readily distinguished since it is followed on the slightly ventri
Cose base by six or seven similar though generally somewhat smaller carinffi, while above it there is at 
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least one prominent keel in the middle of the peripheral band. Occasionally this median keel is double, 
as in fig. 22, or there may be a smaller carina between it and the lower peripheral keel, as in figs. 23 and 
34. The lines of growth are rather obscure on our specimens, but apparently they are not as fine nor as 
regular as in G. pttlchellwn. The duplication of some of the carin::e is a peculiar feature. 

This species is generally identified with Hall's Pleurotomaria pe1'carinata, an upper Trenton shell 
from New York that is now commonly referred to Oyclonema. Assuming that Hall's figure of his type 
specimen (loc. Ctt.) is correct, we would say that the northwestern form above described cannot possibly be 
the same species. 

Formation a)l(Z localily.-Stones River group, possibly also Black River group, at Beloit and other 
localities in Wisconsin, and Dixon, Illinois. We are informed that it occurs at Minneapolis and St. Paul, 
but have not succeeded in obtaining it from any point in Minnesota. 

Oollections.-Uni versity of Wisconsin; E. O. Ulrich. 

GYRONEMA LIRATUM, n. sp. 

PLATE LXXVIII, FIGS. 14-16. 

The peculiarities of this fine species are very well shown in our illustrations. It is related to G. 

pttlchellwn and G. duplicatum, but is distinguished at once from both by its much larger umbilicus and 
more rapidly spreading and rounder volutions. The specimen is a cast, partly of the exterior and partly 
interior. The former shows about fourteen revolving carin::e and thick lines on the last volution, among 
which the two which correspond with the upper and lower boundaries· of the peripheral band in other 
species are distinguished with some difficulty. They are a little stronger than the others excepting one 
equally strong and a trifle more prominent which lies midway between them. Only these three are indi
cated on tbe interior of the body whorl. 

Formation and locality.-Stones River group, Beloit, Wisconsin. 

Oollection.-E. O. Ulrich. 

Genus CYCLONEMA, Hall. 

In part PleurotomCP'ia of CONRAD and HALL. 

(Jyclonema, HALL, 1852, Pal. of N. Y., vol. ii, p. 89; SALTER, 1859, Can Org. Rem., Dec. I, p. 23. Not 
CycloHemCt. (HALL) LINDSTROM, 1884, Sil. Gast. and Pter. of Gotland, p. 174 

Shell turbinate or conical, never thick, composed of few more or less ventricose 

whorls; no umbilicus; surface sculpture consisting of numerous revolving lines and 

small ridges crossed obliquely by sharp lines of growth; aperture oblique, varying 

from rounded to subquadrate; inner lip more or less thickened, reflected, always 

excavated. Types, C. bilix Conrad and C. mediale Ulrich. 

The principal characteristic of this genus is the excavation of the inner or 

columellar lip. This peculiarity distinguishes the genus at once from Gyronema 

which includes some otherwise not very different shells. In Strophostylus there is a 

fold on the inner lip, forming a similar excavation, but it is generally so much 

twisted that its upper end is not visible in a direct view of the mouth. As a rule 

also the inner lip is much thicker than in Cyclonema. It seems a little strange that 

the relations of Cyclonema and Strophostylus have not been recognized heretofore. 

They are certainly very closely related and in practice it is often difficult to 

distinguish them. But if we are correct in deriving Cyclonema from Gyronema then 
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least one prominent keel in the middle of the peripheral band. Occasionally this median keel is double, 
as in fig. 22, or there may be a smaller carina between it and the lower peripheral keel, as in figs. 23 and 
34. The lines of growth are rather obscure on our specimens, but apparently they are not as fine nor as 
regular as In G. pulchellwn. The duplication of some of the carinffi is a peculiar feature. 

This species is generally identified with Hall's Pleurotomaria pe1'carinata, an upper Trenton shell 
from New York that is now commonly referred to Oyclonema. Assuming that Hall's figure of his type 
specimen (loc. Ctt.) is correct, we would say that the northwestern form above described cannot possibly be 

the same species. 

Formation u)lcl locctlity.-Stones River group, possibly also Black River group, at Beloit and other 
localities in Wisconsin, and Dixon, Illinois. We are informed that it occurs at Minneapolis and St. Paul, 
but have not succeeded in obtaining it from any point in Minnesota. 

Oollections.-University of Wisconsin; E. O. Ulrich. 

GYRONEMA LIRATUM, n. sp. 

PLATE LXXVIII, FIGS. 14-16. 

The peculiarities of this flne species are very well shown in our illustrations. It is related to G. 

pulchellwn and G. cluplicatum, but is distinguished at once from both by its much larger umbilicus and 
more rapidly spreading and rounder volutions. The specimen is a cast, partly of the exterior and partly 
interior. The former shows about fourteen revolving carinffi and thick lines on the last volution, among 
which the two which correspond with the upper and lower l::oundaries' of the peripheral band in other 
species are distinguished with some difficulty. They are a little stronger than the others excepting one 
equally strong and a trifle more prominent which lies midway between them. Only these three are indi
cated on tbe interior of the body whorl. 

Formation anel locality.-Stones River group, Beloit, Wisconsin. 

Oollection.-E. O. Ulrich. 

Genus CYCLONEMA, Hall. 

In part Pleurotonwria of CONRAD and HALL. 
Oyclonema, HALL, 1852, Pal. of N. Y., vol. ii, p. 89; SALTER, 1859, Can Org. Rem., Dec. I, p. 23. Not 

Cyclonema, (HALL) LINDSTROM, 1884, Sil. Gast. and Pter. of Gotland, p. 174 

Shell turbinate or conical, never thick, composed of few more or less ventricose 

whorls; no umbilicus; surface sculpture consisting of numerous revolving lines and 

small ridges crossed obliquely by sharp lines of growth; aperture oblique, varying 

from rounded to subquadrate; inner lip more or less thickened, reflected, always 

excavated. Types, C. bilix Conrad and C. mediale Ulrich. 

The principal characteristic of this genus is the excavation of the inner or 

columellar lip. This peculiarity distinguishes the genus at once from Gyronema 

which includes some otherwise not very different shells. In Strophostylus there is a 

fold on the inner lip, forming a similar excavation, but it is generally so much 

twisted that its upper end is not visible in a direct view of the mouth. As a rule 

also the inner lip is much thicker than in Cyclonema. It seems a little strange that 

the relations of Cyclonema and Strophostylus have not been recognized heretofore. 

They are certainly very closely related and in practice it is often difficult to 

distinguish them. But if we are correct in deriving Cyclonema from Gyronema then 
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the two groups must have different roots. rl'he oldest known shells (Stones River 

group) that are strictly referable to Cyclonema have relatively coarse revolving 

ridges. In our Strophostylus textilis, on the other hand, the revolving lines are very 

delicate. The difference is so marked that we cannot believe that Strophostylus 

came from the same immediate root as Cyclonema. In our opinion they represent 
two independent lines. 

The composition of the shell of Cyclonema must be different from that of the 

majority of Lower Silurian Gastropoda. On the hills about Cincinnati, where 

thousands of specimens have been collected, the test is preserved when all the other 

shells occur as casts of the interior only. Indeed, we have never seen a natural cast 

of Cyclonema. Another point worthy of notice is the extreme rarity of specimens 

retaining the apical nucleus. Out of considerably over one thousand good shells 

before us only six retain the apex entirely. In nearly all of the other cases the 

evidence at hand seems to show that these minute whorls were lost during the life 

of the shell, or, at any rate, before fossilization, while in four of the six specimens 

preserving them they were covered and protected by an encrusting bryozoan. 

The nuclei seen belong to four species, C. bilix var. jiuctuatum, C. gracile, C. 

mediale and C. inflatum, the last of which may be but a well-marked variety of the third. 

In all the nucleus has a glassy appearance, with the first two whorls perfectly smooth, 

the third with distinct transverse lines only, and all three round and coiled so as to 

form a blunt apex to the shell. The generic and specific characters begin with the 

fourth whorl. In C. bilix and C. gracile the whorls decrease very gradually to the 

first two, but in C. inflatum the third and fourth whorls, with a part of the fifth, are 

wound into a sub cylindrical coil on top of the rapidly expanding succeeding 

volutions. In C. mediale the conditions may be described as intermediate. Consid

ering the character of the nucleus in these four representative species, it appears 

that the original stock from which Cyclonema sprang was a low-spired Holopea-like 

shell. 
So far, but a single true Cyclonema is known to us from Minnesota. Other 

Minnesota shells have been placed in the genus, but in our opinion they do not 

belong here. In order that the reader may get an adequate and just idea of the 

genus, and also that the genus may be properly established, we have decided to 

include a number of species that have not yet been found in the upper Mississippi 

region. 
Many species have been placed in Cyclonema that dQ not belong there. Some 

belong to Gyronema, as for instance, C. percarinatum Hall sp., C. semicarinatum Salter, 

C. nodulosum Lindstrom and C. carinatum (Sowerby) Lindstrom; others, like C. 
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fourth whorl. In C. bilix and C. gracile the whorls decrease very gradually to the 

first two, but in C. inflatum the third and fourth whorls, with a part of the fifth, are 
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So far, but a single true Cyclonema is known to us from Minnesota. Other 

Minnesota shells have been placed in the genus, but in our opinion they do not 

belong here. In order that the reader may get an adequate and just idea of the 
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cancellatum Lindstrom (not Rall's sp.). to Strophostylus as here understovd. We have 

not had an opportunity to examine any of the Devonian species that are referred to 

Cyclonema by various authors, but judging from the literature alone we feel satisfied 

that not one has a sufficient right to maintain its position in the genus. Lindstom's 

description of Cyclonema is incor~ect since it is based principally or solely upon the 

Gotlandic species described by him. Re places the genus into the immediate 

vicinity of Polytropis (Oriostoma) because he has found an operculum similar to the 

type prevailing in that genus in Risinger's Turbo striatus which he places, together 

with several similar and other very different shells from Gotland, under Cyclonema. 

Though we have collected thousands of specimens of typical species of Cyclonema, 

not a single operculum of any kind has ever occurred in connection with them. We 

conclude, therefore, that Cyclonema had no operculum, at any rate none that could be 

preserved as a fossil. 

CYCLONEMA BILIX Conrad. 

PLATE LXXVIII, FIGS. 35-42. 

Plel(rotomnTin bilix CONRAD, 1842, Jour. Acad. Nat. Sci. Phila., vol. viii, p.271; (part.) HALL, 1847, 
Pal. N. Y., vol. i, p. 305. 

Oyclonenw bilix HALL, 1852, Pal. N. Y., vol. ii, p. 89. 
Oyclonema bWx (part.) HALL, MEEK, MILLER, 'and others. 

Shell subconical, the hight and width equal, or the hight may exceed the width by as much as one
fifth or in rare cases even one-fourth; apical angle varying from 55° to 75°. Whorls generally three or four 
in number, the nucleus, consisting of three more. being absent in nearly every instance. In the typical 
form the whorls are depressed convex, fiat or even a trifle concave in the central part of the exposed slope 
while at the top there is nearly always a small shoulder-like convexity which, with a similar convexity at 
the bottom, produces a distinctly impressed suture. Base of body whorl more or less flattened, narrowly 
rounded at the periphery; no umbilicus. Aperture oblique, somewhat triangular in a view of the base
subquadrate in a ventral view, the upper and inner sides of about the same length, and each about two, 
thirds as long as the lower side, while the outer side equals in length both tbe inner and upper sides; inner 
lip excavated, the excavated portion narrowly crescentic in shape, g-ently concave or straight on the inner 
side and strongly convex on the outer, usually 1.5 mm. across its widest part, rarely 2.0 mm. or more in old 
shells; inner margin of excavation sharp below, becoming more and more rounded toward the upper 
extremity where it turns sharply into the mouth. Surface marked by numerous, small, more or less reg
ular revolving ridges and by much finer, sharply elevated, lines crossing the whorls from above obliquely 
downward and backward. On the outer surface of the upper whorls the revolving lines are mostly of the 
same size with from nine to twelve on each. On the body whorl where a new set i!l interpolated they gen
erally alternate in size, with an average of ten or eleven in 5 mm. Of the oblique transverse lines, which 
run parallel with the margin of the aperture and are more closely arranged in this species than usual for 
the genus, the number in 5 mm. on the last whorl averages ab~ut thirty but varies between the extremes 
of twenty-fi ve and forty. The last whorl of old examples usually exhibits more or less numerous irregula 
undulations and wrinkles of growth which generally cause some irregularity in the surface orna 
mentation. 

The hight of specimens usually varies between 15 and 20 mm; occasionally it may reach 30 mm. 
We could not sat'sfy ourselves that Oyclonema fluctuaturn James is more than a good variety of O. 

biUx. Mr. James included in his species some specimens that do not deserve to be distinguished even as a 
variety, but we believe the majority of his types are of an abundant variety that is generally quite easily 
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cancellatum Lindstrom (not Hall's sp.), to Strophostylus as here understo0d. We have 

not had an opportunity to examine any of the Devonian species that are referred to 

Cyclonema by various authors, but judging from the literature alone we feel satisfied 

that not one has a sufficient right to maintain its position in the genus. Lindstom's 

description of Cyclonema is incor~ect since it is based principally or solely upon the 

Gotlandic species described by him. He places the genus into the immediate 

vicinity of Polytropis (Oriostoma) because he has found an operculum similar to the 

type prevailing in that genus in Hisinger's Turbo striatus which he places, together 

with several similar and other very different shells from Gotland, under Cyclonema. 

Though we have collected thousands of specimens of typical species of Cyclonema, 

not a single operculum of any kind has ever occurred in connection with them. We 

conclude, therefore, that Cyclonema had no operculum, at any rate none that could be 

preserved as a fossil. 

CYCLONEMA BILl X Conrad. 

PLATE LXXVIII, FIGS. 35-42. 

Pleurotorlwj'ia uilix OONRAD, 1842, Jour. Acad. Nat. Sci. Phila., vol. viii, p. 271; (part.) HALL, 1847, 
Pal. N. Y., vol. i, p. 305. 

Cyclonemlt uilix HALL, 1852, Pal. N. Y., vol. ii, p. 89. 
Cyclonema bilix (part.) HALL, MEEK, MILLER,and others. 

Shell subconical, the hight and width equal, or the hight may exceed the width by as much as one
fifth or in rare cases even one-fourth; apical angle varying from 55° to 75°. Whorls generally three or four 
in number, the nucleus. consisting of three more, being absent in nearly every instance. In the typical 
form the whorls are depressed convex, fiat or even a trifle concave in the central part of the exposed slope 
while at the top there is nearly always a small shoulder-like convexity which, with a similar convexity at 
the bottom, produces a distinctly impressed suture. Base of body whorl more or less flattened, narrowly 
rounded at the periphery; no umbilicus. Aperture ol>lique, somewhat triangular in a view of the base
subquadrate in a ventral view, the upper and inner sides of about the same length, and each about two, 
thirds as long as the lower side, while the outer side equals in length both the inner and upper sides; inner 
lip excavated, the excavated portion narrowly crescentic in shape, gently concave or straight on the inner 
side and strongly convex on the outer, usually 1.5 mm. across its widest part, rarely 2.0 mm. or more in old 
shells; inner margin of excavation sharp below, becoming more and more rounded toward the upper 
extremity where it turns sharply into the mouth. Surface marked by numerous, small, more or less reg
ular revol ving ridges and by much finer, sharply elevated, lines crossing the whorls from above obliquely 
downward and backward. On the uuter surface of the upper whorls the revolving lines are mostly of the 
same size with from nine to twelve on each. On the body whorl where a new set i~ interpolated they gen
erally alternate in Size, with an average of ten or eleven in 5 mm. Of the oblique transverse lines, which 
run parallel with the margin of the aperture and are more closely arranged in this species than usual for 
the genus, the number in 5 mm. on the last whorl averages ab(}ut thirty but varies between the extremes 
of twenty-fi ve and forty. The last whorl of old examples usually exhibits more or less numerous irregula 
undulations and wrinkles of growth which gp,nerally cause some irregularity in the surface orna 
mentation. 

The hi~ht of spec.imens usually varies between 15 and 20 mm; occasionally it may reach 30 mm. 
We could not sat'sfy ourselves that Cyclonema flttctttatttm James is more than a good variety of O. 

bilh;. Mr. James included in his species some specimens that do not deserve to be distinguished even as a 
variety, but we believe the majority of his types are of an abundant variety that is generally quite easily 
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distinguished from the typical form of the species,as above described, by having much tiner surface mark
ings and the outer surface of the whorls almost constantly concave. '1'he undulations of the surface, 
though occurring more commonly in this form than in any other, are not considered of much importance. 
As the mere delicately sculptured variety deserves some recognition we propoRe to retain Mr. James' name 
in a reduced sense for it, so it may be known hereafter as C. 7Jilix val'. jlw:/.(wtum. 

Meek's C. bilix val'. lata (Pal. Ohio, vol. i, p. 152) seems to rest on nothing more than an unusually 
depressed and somewhat abnormally coiled old shell of the typical form of the species. What he calls the 
typical form of the species is something quite different, being one of tlie forms of our C.me(tiale, while the 
high shell represented by his fig. 5g on plate XIII, which is the type of Miller's var. conicum, really belongs to 
the species as regtricted by us. The spire in the last being higher t,han usual, the name conicum might 
be retained for it, but after an exhaustive study of a large number or specimens we are forced to the con
viction that the relative hight of the spire is a very unreliable character, each species and varietyexhib
iting great variability in this respect. The form of the whorls is a better character, butof all the surface 
markings have served us best in separating the various species, 

In the great confusion prevailing among collectors and authors concerning the species of Cyclonema 

occurring in the region about Oincinnati, we have found it no small task to select the particular form 
which has the be~t right to bear Oonrad'~ original name, uilix. The significant points about Oonr'ld's 
brief description are: (1) that the sides of the volutions are "suddenly contracted at the suture," (2) the 
periphery is abruptly rounded, (3) the base flattened and (4) the locality, Richmond, Indiana.* 

We have a number of good specimens (about "ixty, exclusive of an even greater number of the var 
jluctuatum) from Richmond and Versailles in Indiana, and localities in Ohio exposi ng equi valent horizons, 
agreeing in all essential respects with the specimen illustrated on plate LXXVIII, and which, to the best 
of our knowledge, are of the same gpecies as the one figured by Oonrad. A rare variety with m0re convex 
whorls occurs in the Lorraine group at Oincinnati, but this is not the same as either of the two from that 
locality which have been sent to all parts of the world as C. bilix. The typical form of the species was lost 
sight of and the more easily obtained Oincinnati forms, which careless or interested observers had said 
were the same, took its place. Excepting the variety mentioned, C. bilix is restricted to the Richmond 
group and, therefore, does not occur at Oincinnati. 

We cannot agree with the practices of certain paleontologists who, either because they are incapable 
of separating the forms, or unwilling to take the trouble, would have us classify all the Oyclonema of the 
Oincinnati a'ld Trenton periods as one species. The followi og forms are as good" species" as any. and as 
each represents a recognizable and sufficiently permanent, stage in the evolution of the genus, each with 
its own set of varieties or mutations, they deserve the notice of the systematist. The more experienced 
and careful collectors long- ago separated the common forms, not only because they were ditIerent but 

because they found them at different horizons. 

Formation and loculity.-Richmond group, Richmond, Versailles, and Madison. Indiana; Oxford 
Waynesville, Blanchester and numerous other points in Uhio. Fragments apparently of this species were 
seen at Sterling and Savannah, Illinois, and there is no reason known why it may not occur also in 
southern Minnesota. 

Collection.-E. O. Ulrich. 

CYCLONEMA MEDIALE, n. sp. (Ulrich.) 

PLATE LXXVIII, FIGS. 29 and 30. 

Cyclonema bilix (part.) HALL, MEEK and other authors; nut OONRAD. 

Distinguished from C. bilix Oonrad, by its more ventricose whorls and stronger revolving carina:-. 
The under side of the whorls is fuller and the outer side (seen in the spire) is always distinctly and 
uniformly convex, there being no sign of a shoulder at the suture, nor of the median concavity, both of 

*The ori"inal description reads as follows:-
P.lJi!i;v, PI. XVI, fig. lO.-Spire conical; volutions four; sides snbrectilinear at base, ~ndc1enlY contra?ted at the sutu~'e; 

surface with spiral raised strifB alternated in size; large volution abruptly rounded lU Its greatest CIrcumference, base 

flattened and striated. • Q 1 R' 'N e ~ York L~wer Silu rhln 
LoeaUty.-Richmond, Indiana. in limestone of the age of the rocks 01 ~a mon "I vel' serIes, I \ • 
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distinguished from the typical form of the species,as above described, by having much finer surface mark
ings and the outer surface of the whorls almost constantly cuncave. 'l'he undulations of the, surface, 
though occurring more commonly in this form than in any uther, arc not cunsidered of much importance. 
As the mere delicately sculptured variety deserves some recognition we propoRe to retain Mr. James' name 
in a reduced sense for it, so it may be known hereafter as O. 'Jilix var. jl/l(~turttU?n. 

Meek's C. bilix var. lata (Pal. Ohio, vol. i, p. 152) seems to rest on nothing more than an unusually 
depressed and somewhat abnormally coiled old shell of the typical form of the species. What he calls the 
typical form of the species is something quite different, being une of the forms of our O. 'Ilw(liule, while the 
high shell represented by his fig. 5g on plate XIII, which is the type of Miller's var. cOH'iwm, really belongs to 
the speCies as restricted by us. The spire iu the last being higher t.han usual, the name conicurn might 
be retained for it, but after an exhaustive study of a large number of specimens we are forced to the con
viction that the relative hight of the spire is a very unreliable character, each species and varietyexhib
iting great variability in this respect. The form of the whorls is a better character, butof all the surface 
markings have served us best in separating the various species. 

In the great confusion prevailing' among collectors and authors con~eroing the species of Oyclonema 

occurring in the region about CinCinnati, we have founel it no small task to select the particular form 
which htJ,s the best right to bear Conrad',; original name, uilix. The significant points about Conr'ld's 
brief description are: (1) that the sides of the volutions are" suddenly contracted at the suture," (2) the 
periphery is abruptly rounded, (3) the base flattened and (4) the locality, Richmond, Indiftna.* 

We have a number of good specimens (about sixty, exclusive of an even greater number of the var 
jluctuatum) from Richmond and Versailles in Indiana, and localities in Ohio exposing equi valen t horizons, 
agreeing in all essential respects with the specimen illustrated on plate LXXVIII, and which, to the best 
of our knowledge, are of the same species as the one figured by Conrad. A rare variety with more convex 
whorls occurs in the Lorraine group at Cincinnati, but this is not the same as either of the two from that 
locality which have been sent to all parts of the world as O. bilix. The typical form of the species was lost 
sight of and the more easily obtained Cincinnati form~, which careless or interested observers had said 
were the same, took its place. Excepting the variety mentioned, O. bUix is restricted to the Richmond 
group and, therefore, does not occur at Cincinnati. 

We cannot agree with the practices of certain paleontologists who, either because they are incapable 
of separating the forms, or unwilling to take the trouble, would have us classify all the Oyclonema of the 
Cinr.innati a 1d Trenton periods as one species. The folio wi ng forms are as good" species" as any, and as 
each represents a recognizable tJ,nd sufficiently permanent, stage in the evolution of the genus, each with 
its own set of varieties or mutations, they deserve the notice of the systematist. The more experienced 
and careful collectors loni! ago separated the common forms, not only because they were different but 

because they found them at different horizons. 

Formation and locality.-Richmond group, Richmond, Versailles, and Madison, Indiana; Oxford 
Waynesville, Blanchester and numerous other points in Uhio. Fragments apparently of this species were 
seen at Sterling and Savannah, Illinois, and there is no reason known why it may Dot occur also 1n 
southern Minnesota. 

Oollection.-E. O. Ulrich. 

CYCLONEMA MEDIALE, n. sp. (U {rich.) 

PLATE LXXVIII. FIGS. 29 and 30. 

Oyclonema bilix (part.) HALL, MEEK and other authors; nut CONRAD. 

Distinguished from O. bilix Conrad, by its more ventricose whorls and stronger revolving carimB. 
'l'he under side of the whorls is fuller and the outer side (seen in the spire) is always distinctly and 
uniformly convex, there being no sign of a shoulder at the suture, nor of the median concavity, both of 

*The oriO'inaJ description reads as follows:-
P b'L' PI XVI fig 10 -Spire conical' volutions four; sides subreetilinear at base, suddenly contracted at the suture; 

• ! ~x, '. • .' d' '. It t' d' . e' larO'e volution abruptly rounded in its greatest Clrcumference, base surface WIth spIral ralse strIfB a erna e III SIZ, " 

flattened and striated. I R' . NevYo k LJwerSilurlaa 
LoeaUty.-Richmond, Indiana, in limestone of the age of the rocks of Sa moa ~l ver serles, 1 \ r. 
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which occur quite generally in Conrad's species. The suture is comparatively shallow. There are two 
common varieties, one baving three widely separated strong carinre on the upper slope followed below by 
smaller and gradually decreasing and crowding ridges or lines, the last occurring usually about the middle 
of the base. Much thinner revolving lines generally occur between the larger. In the other variety (see 
figures) the revolving ridges are more equal in size and distribution, and at least three more in number. 
On the body whorl they number between fifteen and twenty, but not more than eight or ten of the"!e show 
on the next whorl above, while in the first variety but four are shown. The apical angle for the whole 
shell varies greatly but always is narrower for the upper turns than it is for the last two or three. 

The strongly carinated variety resembles and probably was derived from O. varicoBum RaIl, but its 
whorls are less convex and the upper part of the spire more slender, the entire shell of O. mediale consisting 
of six or seven whorls, while O. va~'icosum probably never has more than five volutions. The columellar 
lip also is straighter and both the revolving and transverse ridges and lines stronger in RaIl's species. 

Formation and locality.-This is an abundant and highly characteristic fossil of the lower half of the 
Lorraine group in Ohio, Kentucky and indiana. We have over two hundred specimens from the vicinity 
of Cincinnati. 

Collection.-E. O. Ulrich. 

CYOLONEMA INFLATUM, n. Sf). (Ulrich.) 

PLATE LXXVIII. FIGS. 31 and 32. 

Shell of medium size, conSisting, as usually found, of about four rounded whorls; with the apex 
entire there are in all about seven whorls, the first four forming a narrow truncated cone, the two turns 
at the ap~x being coiled in a very wide angle; succeeding whorls spreading more rapidly, the angle 
increasing in some extreme cases from 40° to 90°; mouth rounded, quadrangular; surface strongly carinated 
spirally, the carinm on the upper half of the whorls more distant than those on the lower, fifteen to twenty 
in all on the body whorl. 

This species agrees closely in its surface markings with certain varieties of O. mediale; and perhaps 
it also should be regarded as an extreme variety of that species. Generally it is readily distinguished by 
its more convex whorls. 

Formation and localily.-Lower half of the Lorraine group Cincinnati and vicinitv 

Collection.-E. O. Ulrich. (25 specimens.) 

CYOLONEMA V ARIOOSUM Hall. 

PLATE LXXVIII, FIGS. 27 and 28. 

Cyclonema (ventricosa in error for) vW'icosa RALL, 1870, Twenty-fourth Rep. N. Y. St. Mus. Nat. Rist., 
pI. VIIT. (Not defined.) 

Cyclonema C'incinnatiense MILLER, 1882, Jour. Cin. Soc. Nat. Rist., vol. v, p. 230. 

Though closely related to C. mecUale this shell is still easily di:o.tinguished by its straighter columel
laD lip, fewer, stronger and sharper revolving and tranverse surface markings, deeper suture and more 
convex whorls. The revolving ridges, especially those on the outer side of the whorls, are very strong and 
prominent. Between each two there are usually several much thinner lines. Of the principal carinre the 
body whorl bas only nine or Len, and of these only five or six are shown on the whorls above the last. 

Cyclonema cincinnatiense Miller is founded on small examples of this species obtained from the upper 
beds of the Trenton group oPP9site the cit.y of Cincinnati. 

For»wti()n and locality -:-Two imperfect specimens oi this species were collected at Wykoff, Minne
sota, where they were found III the upper part of the Fusispira bed. The original type was obtained from. 
the upper part of the Trenton group at Nashville, Tennessee. The species occupies the same position at 
Oolby, Kentucky, and in the vicinity of CinCinnati. 

Collection.-E. O. Ulrich. (15 speCimens.) 
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which occur quite generally in Conrad'~ species. The suture is comparatively shallow. There are two 
comnwn varieties, one baving three widely separated strong carinaJ on the upper slope followed below by 
smaller and gradually decreasing and crowding ridges or lines, the last occurring usually about the mirldle 
of the. base. Much thinner revolving lines generally occur between the larger. In the other variety (see 
figures) the revolving ridges are more equal in size and distribution, and at least three more in number. 
On the body whorl they number between fifteen and twenty, but not more than eight or ten of the8e show 
on the next whorl above, while in the first variety but four are shown. The apical angle for the whole 
shell varies greatly but always is narrower fol' the upper turns than it is for the last two or three. 

The strongly carinated variety resembles and probably was derived from C. varicosum RaIl, but its 
whorls are less con vex and the upper part of the spire more slender, the entire shell of C. mediale consisting 
of six or seven whorls, while C. vCt7'icosum probably never has more than five volutions. The columellar 
lip also is straighter and both the revolving and transverse ridges and lines stronger in Rail's species. 

FOJ'mation and locality.-This is an abunda[)t and highly characteristic fossil of the lower half of the 
Lorraine group in Ohio, Kentucky and Indiana. We have over two hundred specimens from the vicinity 
of Oincinnati. 

Collection.-E. O. Ulrich. 

CYCLONEMA INF'LATUM, n. 8V. (Ulrich.) 

PLATE LXXVIII. FIGS. 31 and 32. 

Shell of medium size, consisting, as usually found, of about four rounded whorls; with the apex 
entire there are in all about seven whorls, the first four forming a narrow tru!lcated cone, the two turns 
at the ap~x being coiled in a very wide angle; succeeding whorls spreading more rapidly, the angle 
increasing in some extreme C8ses from 40° to 90°; mouth rounded, quadrangular; surface strongly carinated 
spirally, the carina:l on the upper half of the whorls more distant than those on the lower, fifteen to twenty 
in all on the body whorl. 

This species agrees closely in its surface markings with certain varieties of C. medialej and perhaps 
it also should be regarded as an extreme variety of that speCies. Generally it is readily distinguished by 
its more convex whorls. 

Fornwtion c(HcZlocalit!J.-Lower half of the Lorraine group Cincinnati and vicinitv 

Coll€ction.-E. O. Ulrich. (25 specimens.) 

CYCLONEMA VARICOSUM Hall. 

PLATE LXXVIII, FIGS. 27 and 28. 

Cyclonema (ventricosa in error for) vClricosa RALL, 1870, Twenty·fourth Rep. N. Y. St. Mus. Nat. Rist., 
pI. VIII. (Not defined.) 

Cyclonemu cincinnatiense MILLER, 1882, Jour. Cin. Soc. Nat. Rist., vol. v, p. 230. 

Though closely related to C. mediale this shell is still easily di~tinguished by its straighter columel
laD lip, fewer, stronger and sharper revolving l\,nd tranverse surface markings, deeper suture and more 
convex whorls. The revolving ridges, especially those on the outer side of the whorls, are verystroDgand 
prominent. Between each two there are usually several much thinner lines. Of the principal carinffi the 
body whorl bas only nine or Len, and of these only five or six are shown on the whorls above the last. 

Cyclonema cinci1uwtiense Miller is founded on small examples of this species obtained from the upper 
beels of the Trenton group oPP()site the city of Cincinnati. 

Fornwtinn anel locality ~Two imperfect specimens of this species were collected at Wykoff, Minne
sota, where they were found In the upper part of the Fusispira bed. The original type was obtained froUl 
the upper part of the Trenton group at N ash ville, Tennessee. The species occupies the same position at 
(Jolby, Kentucky, and in the vicinity of Oincinnati. 

Collection.-E. O. Ulrich. (15 specimens.) 
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CYCLONEMA HUMEROSUM, n. sp. (Ulrich.) 

PLATE LXXVIII, FIGS. 43-46. 

The average size in this species is somewhat greater than in either of the preceding forms, while the 
apical angle is generally wider and more constant, the majority of the speCimens varying comparatively 
but little either way from 85°. The principal feature, however, is a strongly developec] shoulder, gi ving a 
deeper suture than in any other species of the genus. This shoulder may be rnundecl or, especially in the 
Richmond group form, quite angular. In the latter the slope of the outer side of the last whorl is very 
often distinctly concave, and not infrequently undulated in the direction of the lioes of growth. The 
same conditions occur less frequently though quite as well m:trked in the Lorraine form. The surface 
markings are fairly constant. About ten prinCipal subequal cariom occur on the outer slope of the body 
whorl, and about the same number of smaller ones on the periphery and base. The larger ones usually 
alternate with a much thinnH set. 

Formation and locality.-Very abundant in the upper half of the Lorraine group at Oincinnati, and 
not rare at several horizons in the Richmond group, at Waynes l'ilIe, Olarki'ville, Oxford and other locali
ties in Ohio. Also at Ricomond, Versailles and other points in Indiana. 

Collection.-E. O. Ulrich. 

CYCLONEMA PYRAMIDATUM James. 

PI,ATE LXXVIII, FIGS. 33 and 34. 

Cyclonema pyramidata JAllIES, 1874, ~in. Quar. Jour. ScL, vol. L, p. 152. 

In its typical form it is scarcely possible to confound this species with any other known, but there 
are varieties, one of which shows its derivation from C. rnecliale-the starting point for most of the Cin
cinnati species of Cyclonema-while another develops a shoulder at the top of the whorls, causing it to 
resemble O. hume)·osum. One of the best characters is the extension of the spiral striation over the entire 
base: In most of the other forms the spiral lines extend only about half across toe base, the inner part 
having transverse strim only. 

Formation and locality.-Lorraine group, Oincinnati and vicinity. 

Collection.-E. O. Ulrich. 

CYCLONEMA SIMULANS, n. sp. (Ulrich. 

PLATE LXXVIII, FIG. 47. 

Of this species we have about fifty specimens. These show that the shell is of medium size, with a 
general form about intermediate between C. hurneroslIm and C. mediale, though rather nearer the former, 
there beipg usually a small shoulder and a fiattening or even a slight concavity of the outer slope of the 
last whorl. It is distinguished from both by its surface markings. These consist as usual of revol ving 
and obliquely transverse lines, but the former are much weaker on the last two whorls and often quite 
obsolete near the mouth, while the latter are more distant exceptillg in the last third of the body whorl 
of old examples. In the latter the mouth is sometimes irregularly expanded and thrown upward along the 

suture. 

Formation and locality~Upper di vision of the Lorraine group at Oincinnati, Ohio. 

Collection.-E. O. Ulrich. 
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CYCLONEMA HUMEROSUM, n. Sp. (Ulrich.) 

PLATE LXXVIII, FIGS. 43-4-0. 

The average size in this species is somewhat greater than in either of thr; preceding forms, while the 
apical angle is generally wider and more constant, the majority of the specimens varying comparatively 
but little either way from 85°. The principal feature, however, is it strongly developec] shoulder, giving a 
deeper suture than in any other species of the genus. This shoulder may be rounded or, especially in the 
Richmond group form, quite angular. In the latter the slope of the outer side of the last whorl is very 
often distinctly concave, and not infrequently undulated in the direction of thc lioes of growth. The 
same conditions occur less frequently though quite as well m:ukcc] in the Lorraine form. The surface 
markings are fairly constant. About ten prinCipal suberlual carime occur on the outer slope of the body 
whorl, and about the same number of smaller ones on the periphery and base. The larger ones usually 
alternate with a much thinntr set. 

Formation and locality.-Very abundant in the upper half of the Lorraine group at Cincinnati, and 
not rare at several horizons in the Richmond group, at Waynesl'ille, Clark5ville, Oxford and other locali
ties in Ohio. Also at Richmond, Versailles and other points in Indiana. 

Gollection.-E. O. Ulrich. 

CYCLONEMA PYRAMIDATUM James. 

PLA TE LXX VIIl, FIGS. 33 and 34. 

Cyclonema pyramidata JAllIES, 1874, Cin. QuaT. Jour. ScL, vol. L, p. 152. 

In its typical form it is scarcely possible to confound this species with any other known, but there 
are varieties, one of which shows its derivation from C. rnecliale-the starting point for most of the Cin
cinnati species of Cyclonema-while another develops a shoulder at the top of the whorls, causing it to 
resemble O. humeJ'osum. One of the best characters is the extension of the spiral striation over the entire 
base: In most of the other forms the spiral lines extend only about half across the base, the inner part 

having transverse strire only. 

FOJ'mation and locality.-Lorraine group, Cincinnati and vicinity. 

Gollection.-E. O. Ulrich. 

CYCLONEMA SIMULANS, n. sp. (Ulrich. 

PLATE LXXVIII, FIG. 47. 

Of this species we have about fifty specimens. These show that the shell is of medium size, with a 
general form about intermediate between C. hwneros!lm and O. media Ie, though rather nearer the former, 
there being usually a small shoulder and a flattening or even a slight concavity of the outer slope of the 
last whorl. It is distinguished from both by its surface markings. These consist as usual of revol ving 
and obliquely transverse lines, but the former are much weaker on the last two whorls and often quite 
obsolete near the mouth, while the latter are more distant exceptiug in the last third of the body whorl 
of old examples. In the latter the mouth is sometimes irregularly expanded and thrown upward along the 

suture. 

Formation and locality-Upper division of the Lorraine group at CinCinnati, Ohio. 

Gollection.-E. O. Ulrich. 
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CYOLONEMA SUBL1EVE, n. sp. (Ulrich.) 

PLATE LXXVIII. FIGS. 48 and 49. 

The form of the shell and whorls in this species and the variations in the hight of the spire and in 
the expansion of the whorls, is precisely as in O. mediale, from which it is distinguished by its occasionally 
obsolete and always much thinner revolving strial. In many specimens the upper half or more of the 
outer slope of the whorls i.s quite free of spiral lines, in others they are obscurely indicated. On the lower 
half the lines become gradually more distinct (occasionally the first beneath the smooth space is the 
strongest of all), but they are never very prominent or sharp. On the body whorl, where they are from 
one-third to one-half a millimeter apart, a partial alternation in size is usually apparent. O. simulans has 
more abruptly impressed sutures and more distant revolving lines. 

Fonnation and locality-Not uncommon in the lower half of the Lorraine group at several localities 
in the vicinity of Cincinnati. 

Oollection.-E. O. Ulrich. (About 70 specimens.) 

CYOLONEMA TRANSVERSUM, n. sp. (Ulrich.) 

PLAT1~ Lxxxn, FIGS. 65-67. 

This may be an extreme variety of O. sublceve, but the six specimens which we refer here look so 
much alike and so different from the prevailing varieties of that species, that very few if any would hesi
tate in pronouncing them distinct. The specimens vary in width from 17 to 30 mm. The spire is imper
fect in all, but, judging from what remains, the total hight cannot have equalled the width. Apparently 
it was about a sixth less. The apical angle is about 85°. The last whorl expands very rapidly, is gently 
convex in the upper slope and on the base, anrl abruptly rounded at the periphery. The aperture is very 
oblique and unusually large in a basal view, the excavated inner lip very wide. The surface is more or 
less strongly marked with oblique lines and wrinkles of growth without a trace of revolving lines except 
on the smallest specimen. In this the inner half of the last whorl presents several very obscure revolving 
lines on the lower half of the outer slope. 

Aside from the almost total absence of revolving lines, the rapid expansion of the last whorl and 
shallow suture will distinguish O. tmnsverswm from most of the preceding species of the genus. 

Formation ancl locality.-Lower half of the Lorraine group, Covington, Kentucky, and Cincinnati, 
Ohio. 

Collection.-E. O. Ulrich. 

CYCLONEMA GRACILE, n. sp. (Ulrich.) 

PLATE LXXXII, FIGS. 55-61. 

Shell scarcely attaining medium size, perfect specimens consisting of five or six, more or less slender, 
rounded whorls; excepting tile minute apical turns, the whorls increase regularly in size; either the whole 
or only the lower pnt of the whorls may be covered with fine revolving strire, or these may be wanting 
entirely; when present a glass is usually necessary to show them clearly; lines of growth having the usual 
direction, very fine, scarcely distinguishable except on the last whorl; mouth rounded, oblique, inner lip 
comparatively thin and in many cases not dbtinctly excavated. 

This neat and interesting shell is probably nearer O. sublceve than any of the others, but is readily 
distinguisbed by its more slender as well as more rounded whorls. It is also a smaller Shell. We have 
before us five or six specill1ens of what appears to be a variety of O. gracile. They agree with the types, 
wiLh which they were alsQ found, in every respect save that the revolving strire are much stronger and 
readily apparent to the unassisted pye. Specimens of this kind may be known as var. stl'iatulum. 

Formation and locctlity.-Lorraine group, Cincinnati, Ohto, and vicinity; not uncommon. 

Oollection.-E. O. Ulrich. (40 specimens.) 
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CYCLONEMA SUBL£VE, n. sp. (Ulrich.) 

PLATE LXXVIII, FIGS. 48 and 49. 

The form of the shell and whorls in this species and the variations in the hight of the spire and in 
the expansion of the whorls, is precisely as in C. mediale, from which it is distinguished by its occasionally 
obsolete and always much thinner revolving stri<e. In many specimens the upper half or more of the 
outer slope of the whorls i9 quite free of spiral lines, in others they are obscurely indicated. On the lower 
half the lines become gradually more distinct (occasionally the first beneath the smooth space is the 
strongest of all), but they are never very prominent or sharp. On the body whorl, where they are from 
one-third to one-half a millimeter apart, a partial alternation in size is usually apparent. C. simulans has 
more abruptly impressed sutures and more distant revolving lines. 

Formation and locality-Not uncommon in the lower half of the Lorraine group at several localities 
in the vicinity of Oincinnati. 

Collection.-E. O. Ulrich. (About 70 speCimens.) 

CYCLONEMA TRANSVERSUM, n. sp. (Ulrich.) 

PLAT1, LXXXII, FIGS. 65-67. 

This may be an extreme variety of C. sublceve, but the six specimens which we refer here look so 
much alike and so different from the prevailing varieties of that species, that very few if any would hesi
tate in pronouncing them distinct. The specimens vary in width from 17 to 30 mm. The spire is imper
fect in all, but, judging from what remains, the total hight cannot have equalled the width. Apparently 
it was about a sixth less. The apical angle is about 85°. The last whorl expands very rapidly, is gently 
convex in the upper slope and on the base, anrl abruptly rounded at the periphery. The aperture is very 
oblique and unusually large in a basal view, the excavated inner lip very wide. The surface is more or 
less strongly marked with oblique lines and wrinkles of growth without a trace of revolving lines except 
on the smallest specimen. In this the inner half of the last wborl presents several very obscure revolving 
lines on the lower half of the outer slope. 

Aside from the almost total absence of revolving lines, the rapid expansion of the last whorl and 
shallow suture will distinguish C. tmnsversum from most of the preceding species of the genus. 

Formation (mel locality.-Lower balf of the Lorraine group, Oovington, Kentucky, and Oincinnati, 
Ohio. 

!'ollection.-E. O. Ulrich. 

CYCLONEMA GRACILE, n. sp. (Ulrich.) 

PLATE LXXXII, FIGS. 55-61. 

Shell scarcely attaining medium size, perfect specimens consisting of five or six, more or less slender, 
rounded whorls; excepting the minute apical turns, the whorls increase regularly in size; either the whole 
or only the lower put of the whorls may be covered with fine revolving stri<e, or these may be wanting 
entirely; when present a glass is usually necessary to show them clearly; lines of growth having th'l usual 
direction, very fine, scarcely distinguishable except on the last whorl; mouth rounded, oblique, inner lip 
comparatively thin and in many cases not distinctly excavated. 

This neat and interesting shell is probably nearer C. SlIblceve than any of the others, but is readily 
distinguished by its more slender as well as more rounded whorls. It is also a smaller shell. We have 
before us five or six specimens of what appears to be a variety of C. gracile. They agree with the types, 
with which they were alsQ found, in every respect save that the revolving striffi are much stronger and 
readily apparent to the unassisted pye. Specimells of this kind may be known as vaL stJ'iatulum. 

Formation anel lowlity.-Lorraine group, CinCinnati, Ohio, and vicinity; not uncommon. 

CoUection.-E. O. Ulrich. (-10 specimens.) 
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CYCLONEMA 0 HOLOPEA) LIMATUM, n. sp. (Ulr£ch.) 

PLATE LXXXII, FIGS. 62-U4. 

Shell 25 to 30 mm. ill hight, the greatest width generally about a flfth less, consisting, without the 
nucleus which is unknown, of about four rapidly enlarging ventricose whorls; suture distinctly impressed 
though not deeper than necessitated by the uniform convexity of the whorls; ap(~rtufe large, higher than 
wide, rounded below, somewhat acuminate ovate in outline; inner lip nearly straight, not as thick as 
usual in Cyclonema, while as a rule it is merely flattened instead of excavated, and turned inward 80 that 
the fiat portion is not fully visible in a ventral view; surface smooth, sometimes polished, the lines of 
growth obscure; of revolving lines not a trace is to be seen except on two specimens where the surface is 
glossy as though they retained patches of epidermis that is generally not preserved. 

In its general aspect this tine species reminds one strongly of Holopea, ancl it is possible that it would 
be more naturally placed in that genus. It has seemed to us, however, that the characters of the inner 
lip, which is sometimes excavated as in Oyclonema, would not permit its reference to Holopea, in which, 
as the genus is now understood, the inner lip is thin and simple. Perhaps O. limatw1l indicates a partial 
reversion to ancestral characters-in other words, a form in which larval characters are retained through 
adult stages. 

Formation and locality.-Lower division of the Lorraine group, Cincinnati, Ohio. 

Oollection.-E. O. Ulrich. 

Genus STROPHOSTYLUS, Hall. 

Strophostylus, HALL, 1859, Pal. N. Y., vol. iii, p. 303 

Shell turbinate to subglobose, consisting of three to six rounded and more or 

less ventricose whorls, with the spire elevated or low and the body whorl often very 

large; mouth rounded, outer lip thin, sharp, columellar lip not very thick, very little 

reflected, generally twisted and spirally grooved within; surface finely cancellated, 

with either the revolving or the oblique growth lines the stronger. Type, S. elegans 

Hall. 
The earlier Lower Silurian species of this generic type have all comparatively 

slender whorls, and forms of the same kind continue on at least to the close of the 

Upper Silurian. These slender-whorled forms may at first sight look very different 

from those rapidly expanding subglobose species for whose reeeption Hall proposed 

the genus. But, that the latter were evolved from the former is, we think, 

sufficiently indicated by the range of variation occurring in a single species like S. 

cyclostornus Hall, of the Niagara. Specimens of this species before us approach our 

widest S. textilis very closely. As a rule the spiral element of the surface sculpture 

is the stronger in the slender-whorled forms, while the lines of growth predominate 

in the broader types. 
Comparing the genus with Cyclonema we find that the inner lip is thinner and 

the fold on it more twisted, the whorls are more rounded and generally coiled with 

less constancy, most of the species exhibiting greater variation in the hight of the 

spire than occurs in Cyclonema. But, as we have already stated under Cyclonema, our 

GASTROPODA. 1063 
Cyclonema llmatnm.] 

CYCLONEMA 0 HOLOPEA) LIMA.TUM, n. sp. (Ulrich.) 

PLATE LXXXII, FIGS. 62-G4. 

Shell 25 to 30 mm. ill hight, the greatest width generally about a fifth less, consisting, without the 
nucleus which is unknown, of about four rapidly enlarging ventricose whorls; suture distinctly impressed 
though not deeper than necessitated by the uniform convexity of the whorls; aD(~rture large, higher than 
wide, rounded below, somewhat acuminate ovate io outline; inner lip nearly straight, not as thick as 
usual in Cyclonema, while as a rule it is merely flattened instead of excavated, and turned inward so that 
the flat portion is not fully visible in a ventral view; surface smooth, sometimes polished, the lioes of 
growLh obscure; of revolving lines not a trace is to be seen except on two specimens where the surface is 
glossy as though they retained patches of epidermis that is generally not preserved. 

In its general aspect this fine species remi nds one strongly of IIolopqa, and it is possible that it would 
be more naturally placed in that genus. It has seemed to us, however, that the characters of the inner 
lip, which is sometimes excavated as in Cyclonema, would not permit its reference to Holopea, in which, 
as the genus is now understood, the inner lip is thin and simple. Perhaps C. l'imaillm indicates a partial 
reversion to ancestral characters-in other words, a form in which larval characters are retained through 
adult stages. 

Formation and locality.-Lower division of the Lorraine group, Oincinnati, Ohio. 

Collection.-E. O. Ulrich. 

Genus STROPHOSTYL US, Hall. 

StrophostylU8, HALL, 1859, Pal. N. Y., vol. iii, p. 303 

Shell turbinate to subglobose, consisting of three to six rounded and more or 

less ventricose whorls, with the spire elevated or low and the body whorl often very 

large; mouth rounded, outer lip thin, sharp, columellar lip not very thick, very little 

reflected, generally twisted and spirally grooved within; surface finely cancellated, 

with either the revolving or the oblique growth lines the stronger. Type, S. elegans 

Hall. 
The ea.rlier Lower Silurian species of this generic type have all comparatively 

slender whorls, and forms of the same kind continue on at least to the close of the 

Upper Silurian. These slender-whorled forms may at first sight look very different 

from tho~e rapidly expanding subglobose species for whose reception Hall proposed 

the genus. But, that the latter were evolved from the former is, we think, 

sufficiently indicated by the range of variation occurring in a single species like S. 

cyclostornus Hall, of the Niagara. Specimens of this species before us approach our 

widest S. textilis very closely. A'13 a rule the spiral element of the surface sculpture 

is the stronger in the slender-whorled forms, while the lines of growth predominate 

in the broader types. 
Comparing the genus with Cyclonema we find that the inner lip is thinner and 

the fold on it more twisted the whorls are more rounded and generally coiled with , 
less constancy, most of the species exhibiting greater variation in the hight of the 

spire than occurs in Cyclonema. But,as we have already stated under Cyclonema, our 



1064 THE PALEONTOLOGY OF MINNESOTA. 
[Strophostyl us textllls. 

principal reason for distinguishing the two groups of species lies in the conviction 

that t.hey represent two separate lines of development. 
Most authors place Strophostylus in the immediate vicinity of Platyceras and 

Platystoma. In a measure this arrangement is quite correct, but Lindstrom surely 

was not justified in reducing Strophostylus to synonomy under Platyceras. He quite 

ignores the close relations of the genus to Cyclonema-indeed it is evident that he did 

not recognize the most essential feature of either Cyclonema or Strophostylus, since 

he places at least one undeniable member of the present genus under Cyclonema. 

We refer to his Cyclonema cancellatum. Even his C. delicatulum and C. adstrictum, 
which do not belong to Cyclonema, may very well go under Strophostylus. 

STROPHOSTYLUS TEXTILIS, n. sp. 

PLATE LXXXII. FIGS. 49-54. 

Shell rat,her small, 12 to 25 mm. high, 11 to 20 mm. wide, obliquely conical; apical angle 60° to 70°; 
whorls, in casts, three or four, in entire shells, six or seven, increasing quite regularly in size from the 
acute apex, almost uniformly rounded, often with several widely separated, deep, oblique constrictions; 
suture deep; aperture subovate, oblique; inner lip appearing thin in a ventral view, but when a part of the 
outer wall is removed it is seen that it forms a moderately thick columella with a spiral fold beginning n.ear 
the lower angle. In young examples neither the fold nor a spiral furrow just above it is very distinct, 
while in some cases the whole inner lip appears to be simple and thin as in Holopea. Surface beautifully 
cancellated by subequal, fine, sharp, revolving and obliquely transverse lines, the network growing strong 
enough on the last whorl to be distinctly visible to the naked eye. 

This graceful and beautifully marked shell cannot be confused with any other known to us from the 
Lower Silurian rocks of America. There are several Upper Silurian forms that resemble it, but in all of 
these either the transverse or the revolving set of striffi is stronger than the other. Cyclonema gracile has 
about the same shape, but its inner lip and surface markings are quite difl'erent. The apex also is difl'erent, 
being conical in the Strophostylus and somewhat truncated in the Oyclonema. 

FOl"rnation and locality.-Shales of the Black River group (Ctenodonta bed chiefly), Minneapulis, St. 
Paul, Cannon FaUs. Chatfield and Fountain, Minnesota. Also, though very rarely, in the Clitambonites 
!led of the Trenton group, at St. Paul. In Kentucky it occurs near Burgin in the upper part of the 
Trentun. 

Oollections.-Geological and Natural History Survey uf Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 233. 

Genus HOLOPEA, Hall. 

Rolopea. HALL, 1847, Pal. N. Y., vol. i, p. 169. 

Though we have given considerable study to the matter, we prefer not to 

comm.it ourselves at present to a description of the generic characters. We may 

say, however, that Holopea, as now used, embraces much that does not belong here. 

Indeed, some of the following species doubtless will be removed when the contents 

of the genus are finally revised. Most diverse affinities are indicated by different 

sets of species, some evidently being true Littorinidce, others are related to Cyclonema 

and. St"ophostylus, another set to Platystoma, while a few are difficult to place. 
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principal reason for distinguishing the two groups of species lies in the conviction 

that t.hey represent two separate lines of development. 

Most authors place Strophostylus in the immediate vicinity of Platyceras and 

1!latystoma. In a measure this arrangement is quite correct, but Lindstrom surely 

was not justified in reducing Strophostylus to synonomy under Platyceras. He quite 

ignores the close relations of the genus to Cyclonema-indeed it is evident that he did 

not recognize the most essential feature of either Cyclonema or Strophostylus, since 

he places at least one undeniable member of the present genus under Cyclonema. 

We refer to his Cyclonema cancellatum. Even his C. delicatulum and C. adstrictum, 

which do not belong to Cyclonema, may very well go under Strophostylus. 

STROPHOSTYLUS TEXTILIS, n. sp. 

PLATE LXXXII, FIGS. 49-54. 

Shell rather small, 12 to 25 mm. high, 11 to 20 mm. wide, obliquely conical; apical angle 60° to 70°; 
whorls, in casts, three or four, in entire shells, six or seven, increasing quite regularly in size from the 
acute apex, almost uniformly rounded, often with several widely separated, deep, oblique constrictions; 
suture deep; aperture subovate, oblique; inner lip appearing thin in a ventral view, but when a part of the 
outer wall is removed it is seen that it forms a moderately thick columella with a spiral fold beginning near 
the lower angle. In young examples neither the fold nor a spiral furrow just above it is very distinct, 
while in some cases the whole inner lip appears to be simple and thin as in Holopea. Surface beautifully 
cancellated by subequal, fine, sharp, revolving and obliquely transverse lines, the network growing strong 
enough on the last whorl to be distinctly visible to the naked eye. 

This graceful and beautifully marked shell cannot be confused with any other known to us from the 
Lower Silurian rocks of America. There are several Upper Silurian forms that resemble it, but in all of 
these either the transverse or the revolving set of strim is stronger than the other. Cyclonema gracile has 
about the same shape, but its inner lip and surface markings are quite different. The apex also is different, 
being conical in the Strophostylus aild somewhat truncated in the Cyclonema. 

Formation and locaZity.-Shales of the Black River group (Ctenodonta bed chiefly), Minneapolis, St. 
Paul, Cannon Falls, Chatfield and Fountain, Minnesota. Also, though very rarely, in the Clitambonites 
Oed of the Trenton group, at St. Paul. In Kentucky it occurs near Burgin in the upper part of the 
Trenton. 

Collectio1ls.-Geological and Natural History Survey vf Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 2.3.3. 

Genus HOLOPEA, Hall. 

Holopea, HALL, 1847, Pal. N. Y , vol. i, p. 169. 

Though we have given considerable study to the matter, we prefer not to 

conullit ourselves at present to a description of the generic characters. We may 

say, however, that Holopea, as now used, embraces much that does not belong here. 

Indeed, some of the following species doubtless will be removed when the contents 

of the genus are finally revised. Most diverse affinities are indicated by different 

sets of species, some evidently being true Littorinidre, others are related to Cyclonema 

aud Strophostylus, another set to Platystoma, while a few are difficult to place. 
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Holopea insignis.l 

HOLOPEA INSIGNIS, n. sp. 

PLATE LXXIX, FIGS. 1-5. 

Shell thin, attaining a width of 40 mm.; average width about 32 mm.; hight about 28 mm.; hight in 
young examples relatively greater, nearly or quite equalling the width: spire low; 'lolutions about four, 
casts of the interior usually consisting of two or two and a half, very rapidly expanding, ventricose, the 
vertical diameter greater than the transverse, subelliptical in cross-section, narrowly rounded above so as 
to form a deeply impressed suture, and perhaps even more abruptly rounded on the under side where the 
contour enters a small but distinct umbilical perforation; mouth very moderately oblique, subelliptical; 
inner lip thin, produced so that it turns partly around the umbilicus; exterior surface marked by rather 
regular lines, generally less than a mm. apart, cro~sing the whorls from above almost vertically, a tend
ency to turn slightly backward being apparent in most specimens; parallel with these, at intervals 
increasing with age, numerous more or less obscure undulations; indistinct revolving lines, one or two 
mm. apart, may be observed on the outer surfaceof g00d specimens, but on casts of the interior faint 
impressions of the wrinkles of growth only are visible. 

This fine species is diatinguished from most of its congeners by its low spire, relatively high and 
rapidly expanding volutions, and deeply impressed suture. 

Formation ancl locality.-Stones River group, Minneapolis, Cannon Falls and Faribault, Minnesota. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, Nos. 5042, 5554. 

HOLOPEA APPRESSA, n. sp. 

PLATE LXXIX, FIGS. 7-10. 

This resembles H. insignis but has more slender whorls, a wider umbilical slope, more oblique and 
differently shaped aperture and more abruptly impressed suture. The whorls also are not nearly so full 

in the upper part of the outer side. 

Formation and locality.-Clitambonites bed of the Trenton group, Goodhue cou[Jty, Minnesota. A 

variety with more convex whorls occurs in the lower part of the Trenton group at Burgin, Kentucky. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 6765. 

HOLOPEA AMPLA, n. sp. 

PLATE LXXIX. FIGS. 2:2-25. 

This is a large shell resembling in many respects both H. insignis and H. np}Jressa. The spire is low 
but riseg higher than in either of those species, the suture is less cleeply impressed, the whorls on the 
whole more rounded in section and the surface undulations stronger. From the former it differs in addi
tion in having a wider umbilicus and more oblique aperture, and from the latter in having the whorls 
lUuch less sharply rounded on the upper side. H. similis is a smaller species and has a smoother surface. 

Formation and locality.-Stones River group, Cannon Falls, Minnesota; Mineral Point and Beloit, 
Wisconsin. The Wisconsin specimens are smaller than those from Minnesota. 

Oollections.-Geological and Natural History Survey of Minnesota; University of Wisconsin; E. O. 

Ulrich; W. H. Scofield. 

Museum Register, Nos. 5836, 7355. 
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Holopea inslgnls.l 

HOLOPEA INSIGNIS, n. sp. 

PLATE LXXIX, FIGS. 1-5. 

Shell thin, attaining a width of 40 mm.; average width about 32 mm.; hight about 28 mIll.; hight in 
young examples relatively greater, nearly or quite equalling the width: spire low; 'lolutions about four, 
casts of the interior usually consisting of two or two and a half, very rapidly expanding, ventricose, the 
vertical diameter greater than the transverse, subelliptical in cross·section, narrowly rounded above so as 
to form a deeply impressed suture, and perhaps even more abruptly rounded on the under side where the 
contour enters a small but distinct umbilical perforation; mouth very moderately oblique, subelliptical; 
inner lip thin, produced so that it turns partly around the umbilicus; exterior surface marked by rather 
regular lines, generally less than a mm. apart, cro~sing the whorls from above almost vertically, a tend
ency to turn slightly backward being apparent in most specimens; parallel with these, at intervals 
increasing with age, numerous more or less obscure undulations; indistinct revolving lines, one or two 
mm. apart, may be observed on the outer surface of g00d specimens, but on casts of the interior faint 
impressions of the wrinkles of growth only are visible. 

This fine species is didtinguish~d from most of its congeners by its low spire, relatively high and 
rapidly expanding volutions, and deeply impressed suture. 

Formation and locality.-Stones River group, Minneapolis, Oannon Falls and Faribault, Minnesota. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, Nos. 5042, 5554. 

HOLOPEA APPRESSA, n. sp. 

PLATE LXXIX, FIGS. 7-10. 

This resembles H. insignis but has more slender whorls, a wirIer umbilical slope, more oblique and 
differently shaped aperture and more abruptly impressed suture. The whorls also are not nearly so full 
in the upper part of the outer side. 

Formation and locality.-Olitambonites beel of the Trenton group, Goodhue COUDty, Minnesota. A 

variety with more convex whorls occurs in the lower part of the Trenton group at Burgin, Kentucky. 

OoUections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 6765. 

HOLOPEA AMPLA, n. sp. 

PLATE LXXIX, FIGS. 22-25. 

This is a large shell resembling in many respects both H. insignis and H. np}J1"cssa. The spire is low 
but riseg higher than in either of those species, the suture is less deeply impressed, the whorls on the 
whole more rounded in section and the surface undulations stronger. From the former it differs in addi
tion in having a wider umbilicus and more oblique aperture, and from the latter in having the whorls 
much less sharply rounded on the upper side. H. similis is a smaller species and has a smoother surface. 

Formation nnd locality.-Stones River group, Cannon J<'alls, Minnesota; Mineral Point and Beloit, 
Wisconsin. The Wisconsin specimens are smaller than those from Minnesota. 

OoUections.-Geological and Natural History Survey of Minnesota; University of Wisconsin; E. O. 

Ulrich; W. H. Scofield. 

Museum Register, Nos. 5836, 7355. 
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HOLOPEA SIMILIS, n. sp. 

PLATE r,XXIX, FIG. 26 

This shell might be described as a miniature H. ampla, were it not that its apical whorls rise higher 
above the last two, giving it a somewhat acute apex. Oomparing it with young examples of that species 
we find that it has more slender whorls, a higher spire and smoother shell. There is a moderately wide 
umbilical depression in the base but the perforation is very sn1111, the suture is distinct and sometimes 
slightly channelled, at other times the top of the whorls is merely flattened; the mouth is rounded and 
oblique, the exterior surface marked by fine lines of growth which curve rather strongly backward in 
crossing the whorls from the suture. The specimen figured is above the average in size. 

A t first we thought this species might be the same as Hall's H. obliqua, but after repeated and 
always fruitless efforts to identify that shell we have decided to give it a new name. 

Formation and locality.-Otenodonta bed of the shales of the Black River group, Minneapolis and 
St. Paul; also at localities in Goodhue and Fillmore counties. A similar form, but having a larger umbil
icus, occurs in the Fusispir<t bed near Oannon Falls. We have also a specimen from the Lorraine group 
at Oovington, Kentucky, which seems to agree exactly with the Black River form of the speCies. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich . 

. Museum Registe1', No. 7381. 

HOLOPEA ROTUNDA, n. sp. 

PLATE LXXIX, FIGS. 20 and 21. 

Shell thin, of medium to rather large size, with hight and width about equal, consisting of about 
four rather rapidly enlarging, strongly convex, ventricose whorls; umbilical perforation extremely small, 
probably closed in some specimens; suture distinct, sometimes faintly canaliculate on the last whorl; 
aperture somewhat oblique, subelliptical, the hight exceeding the width by about one-seventh; inner lip 
thin, curved, the edge reflected so as to almost cover the umbilical perforation; surface with obscure lines 
and an occasional faint wrinkle croSSing the whorls from the suture with '1 slight backward direction. 

The spire is not so high and the whorls more ventricose than in our H. excelsa and H. concinnula, 

while the umbilicus also is smaller amI the aperture more oblique than in the latter. H. similis has less 
uniformly convex whorls and more of an umbilicns, while H. pctluclinijonnis Hall seems to have a higher 
spire and to differ in other respects. 

Formation anel loculity.-Stones Ri ver group, Dixon, Illinois; Trenton group, Hartsville, Tennessee. 

CoHeetjon.-E. O. Ulrich. 

HOLOPEA CONOINNULA, n. Sp. 

PLATE LXXIX, FIG. 6. 

Hight about 2J mm., width 18 mm., apical angle 72°. Volutions about five, rounded, with a barely 
perceptible angularity near the middle of the upper part shown in casts of the interior; umbilicus small; 
very faint undulations and lines of growth, cr05sing the whorls almost vertically, may be seen on the 
last whorl. 

Of this species we ha ve seen only the cast of the interior figured on plate LXXIX. In its form it 
resembles H. paludinijormis Hall, a Trenton limestone shell in New York, very closely, yet we are fully 
satisfied that it will prove quite distinct. At present the possession of an umbilical perforation by our 
species is th.! only differential feature that our limited knowledge of the New York shell,P,8rmits us to 
mention. 

Formation amI locality.-Stones River group, Beloit, Wisconsin. 

Collection.-Uni versity of Wisconsin. 
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HOLOPEA SIMILIS, n. sp. 

PLATE I,XXIX, FIG. 26 

This shell might be described as a miniature H. ampla, were it not that its apical whorls rise higher 
abuve the last two, giYing it a somewhat acute apex. Oomparing it with young examples of that species 
we find that it has more slender whorls, a higher spire and smoother shell. There is a moderately wide 
umbilical depression in the base but the perforation is very snnll, the suture is distinct and sometimes 
slightly channelled. at other times the top of the whorls is merely flattened; the mouth is rounded and 
ohlique, the exterior surface marked by fine lines of growth which curve rather strongly backward in 
crossing the whorls from the suture. The specimen figured is above the average in size. 

A t first we thought this species might be the same as Hall's H. obUqua, but after repeated and 
always fruitless efforts to identify that shell we have decided to give it a new name. 

Formation and locality.-Otenodonta bed of the shales of the Black River group, Minneapolis and 
St. Paul; also at localities in Goodhue and Fillmore counties. A similar form, but having a larger umbil
icus, occurs in the Fllsispir<t bed near Oannon Falls. We 11ave also a specimen from the Lorraine group 
at Oovington, Kentuclry, which seems to agree exactly with the Black River form of the species. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich . 

.Museum Regi.~ter, No. 7381. 

HOLOPEA ROTUNDA, n. sp. 

PLATE LXXIX, FIGS. 20 and 21. 

Shell thin, of medium to rather large size, with hight and width about equal, consisting of about 
four rather rapidly enlarging, strongly convex, ventricose whorls; umbilical perforation extremely small, 
probably closed in some specimens; suture distinct, sometimes faintly canaliculate on the last whorl; 
aperture somewhat oblique, subelliptical, the hight exceeding the width by about one-seventh; inner lip 
thin, curved, the edge reflected so as to almost cover the umbilical perforation; surface with obscure lines 
and an occasional faint wrinkle crOSSing the whorls from the suture with g, slight backward direction. 

The spire is not so high and the wborls more ventricose than in our H. excel"a and H. concinnuZa, 

while the umbilicus also is smaller and the aperture more oblique than in the latter. H. similis has less 
uniformly convex whorls and more of an umbilicus, while H. paZuclinijonnis Hall seems to have a higher 
spire and to differ in other respects. 

Formation a'/tcl locality.-Stones Ri ver group, Dixon, Illinois; Trenton group, Hartsville, Tennessee. 

Collectioll.-E. O. Ulrich. 

HOLOPEA OONOINNULA, n. sp. 

PLATE LXXIX, FIG. 6. 

Hight about 2,1 mm., width 18 mm., apical angle 72°. Volutions about five, rounded, with a barely 
perceptible angularity near the middle of the upper part shown in casts of the interior; umbilicus small; 
very faint undulations and lines of growth, cr08sing the whorls almost vertically, may be seen on the 
last whorl. 

Of this species we have seen only the cast of the interior figured on plate LXXIX. In its form it 
resembles H. paludi11ljonnis Hall. a Trenton limestone shell in New York, very closely, yet we are fully 
satisfiecl that it will prove quite distinct. At present the possession of an umbilical perforation by our 
species is the only differential fe<tture that our limited knowledge of the New York shell,~rmits us to 
mention. 

Formation uncI loc((/ity.-Stones Hi ver group, Beloit, Wisconsin. 

CollectioH.-University uf Wisconsin. 
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HOLOPEA EXCELSA, n. sp. 

PLATE LXXIX. ~'IGS. 11 and 12. 

Similar to H. concinnula but larger and relatively higher in the spire, with the aperture more 
oblique (about as in H. rotunda), the whorls scarcely so ventricose, and the umbilicus much smaller and 
probably closed entirely in the shell. Perhaps it is not distinct from Ii. paluclinijm'rnis Hall, but if we 
may rely on Hall's figures of that shell, it differs, excepting the umbilicus, frolll H. eXeelS(l about as 11. 
cOltci'flltula does. 

FOl'mation and locality.-Fusispira bed of the Trenton group, Wykotl', Sumner and Hader, Minnesota. 

Oollectiol1s.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 285. (A crushed specimen somewhat doubtfully referred to this species.) 

HOLOPEA PALUDINIFORMIS Hall. 
(Not figured.) 

Holopea paludinijormis HALL, 1847, Pal. N. Y., vol. i, p. 171, pI. XXXVII, figs. 3a, 3u. 

A small specimen, apparently of this species, was collected by Mr. E. O. Ulrich in the Olitambonites 
bed of the Trenton group near Oannon Falls, Minnesota. The specimen is imperfect at the mouth and 
shows clearly that it has a small umbilical perforation, so it may belong to some other species, unless the 
prevailing impression that H. paludinijormis has no perforation proves erroneous. With this specimen a 
larger one was found which possibly is the same. We think not, however, since it has a wider umbilicus 
and an impressed suture, reminding ODe in both features of H. uppressu. 

HOLOPEA PYRENE Billings. 

PLATE LXXIX, FIGS. 13-18. 

Holopea pyrene BILLINGS, 1862, Pal. Foss., vol. i, p. 21. 
Holopea perundosa SARDESON, 1892, Bull. Minn. Acad. Nat. ScL, vol. iii, p. 336. 

Shell obliquely turbinate, spire depressed conical, rising but little above the top of the last whorl; 
whorls three or four, the inner ones appearing slender, the last somewhat ventricose, subovate in cross 
section, the vertical diameter considerably greater than the transverse, "the upper side of the outline more 
obtuse than the lower; umbilicus large; suture deeply impressed; aperture slightly oblique; whorls crossed 
by deep concave undulations separated by rather sharp ridges; lines of growth very obscure in the speci
mens studied, which seem to be, at least in part, casts of the exterior, Width 33 mm., hight about 
27 mm. 

It may be that Dr. Sardeson was justified in separating the Minnesota species here described from 
H. pY1'ene, especially since Billings says that his specimen, which cloes not show the uncler side, has a form 
"much like H. obliqua Hall," and comes from a lower geologiC horizon than our specimens. It has, how
ever, seemed so unlikely to us that such an extravagant character as the strong undulations of the whorls 
would appear in two distinct speCies of the same genus, that we have decided to refer the Minnesota spec
imens to Billings' speCies until the latter has been shown to be distinct. 

Formation and locality.-Lower part of Fusispira bed, near Oannon Falls, Minnesota. 

Oollection.-E. O. UlriCh. 

HOLOPEA PARVULA, n. sp. (Uln·ch.) 

PLATE LXXIX. FIG. 19. 

Shell small, 6 to 10 mm. in width, the hight equa1ling about three-fourths of the WIdth; spire 
d~p,ressed conical; whorls four, including two very small ones at the apex, neatly rounded, subcircular in 
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HOLOPEA EXCELSA, n. sp. 

PLATE LX XIX, JeIGS. 11 and 12. 

Similar to Fl. concinnula but larger and relatively higher in the spire, with the aperture more 

oblique (about as in H. rotunda), the whorls scarcely so ventricose, and the umbilicus much smaller and 
probably closed entirely in the shell. Perhaps it is not distinct from II. puludiuijonnis Hall, but if we 

may rely on Hall's figures of that shell, it differs, excepting the umbilicus, from H. en:elsrt about as 11. 
concinnuta does. 

Formation and locality.-Fusispira hed of the Trenton group, WykOff, Sumner and Hader, Minnesota. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 285. (A crushed specimen somewhat doubtfully referred to this species.) 

HOLOPEA PALUDINIFORMIS Hall. 

(Not f\gu reel.) 

Holopea paludinijormis HALL, 1847, Pal. N. Y., vol. i, p. 171, pI. XXXVII, figs. 3u, 36. 

A small specimen, apparently of this species, was collected by Mr. E. O. Ulrich in the Clitam bonites 
bed of the Trenton group near Cannon Falls, Minnesota. The specimen is imperfect at the mouth and 
shows clearly that it has a small umbilical perforation, so it may belong to some other species, unless the 
prevailing impression that H. paludinijorrnis has no perforation proves erroneous. With this specimen a 
larger one was found which possibly is the same. We think not, however, since it has a wider umbilicus 

and an impressed suture, reminding ODe in both features of H. app1'essa. 

HOLOPEA PYRENE Billing!:i. 

PLATE LXXIX. FIGS. 13-18. 

Holopea pyrene BILLINGS, 1862, Pal. Foss., vol. i, p. 21. 
Holopea perundosa SARDESON, 1892, Bull. Minn. Acad. Nat. Sci., vol. iii, p. 336. 

Shell obliquely turbinate, spire depressed conical, rising but little above the top of the last whorl; 

whorls three or four, the inner ones appearing Slender, the last somewhat ventricose, subovate in cross 
section, the vertical diameter considerably greater than the transverse,the upper side of the outline more 
obtuse than the lower; umbilicus large; suture deeply impressed; aperture slightly oblique; whorls crossed 

by deep concave undulations separated by rather sharp ridges; lines of growth very obscure in the speci
mens studied, which seem to be, at least in part, casts of the exterior. Width 33 mm., hight about 

27 mm. 
It may be that Dr. Sardeson was justified in separating the Minnesota species here described from 

H. pYTene, especially since Billings says that his specimen, which does not show the under side, has a form 
1\ much like H. obUqua Hall," and comes from a lower geologiC horizon than our specimens. It has, how
ever, seemed so unlikely to us that such an extravagant character as the strong undulations of the whorls 
would appear in two distinct species of the same genus, that we have decided to refer the Minnesota spec, 

imens to Billings' species until the latter has been shown to be distinct. 

Formation and locality.-Lower part of Fusispira bed, near Oannon Falls, :Minnesota. 

Collection.-E. O. Ulrich. 

HOLOPEA PARVULA, n. sp. (Uln·ch.) 

PLATE LXXIX. FIG. 19. 

Shell small, 6 to 10 mm. in width, the hight equalling about three-fourths of the wldth; spire 

depressed conical; whorls four, including two very small ones at the apex, neatly rounded, subcircular in 
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section; suture distinct, ver.v slightly canaliculate; umbilicus large, equalling about one-fourth of the 
diameter of t,he shell; aperture moderately oblique, rounded, slightly modified above by the preceding 
whorl; surface with very fine, obscure lines of growth and on tbe latter balf of the body whorl a number of 
more or less obscure undulations running parallel witb the apertural margin. 

This sbell resembles the inner whorls of H. pY1'ene, but its whorls seem to be proportionally more 
slender and more nearly circular in section. Though small, the specimens are evidently mature. 

Formation an(l locality.-Upper part of Trenton group, near Burgin, Kent,ucky. 

Collection. -E. O. Ulrich. 

HOLOPEA SUPRAPLANA, n. Sp. 

PLATE LXXIX, FIGS. 27 and 28. 

Excepting that the whorls increase more rapidly in hight, the general appearance of this shell, 
especially in dorsal and ventral views, is greatly like H. insignis. However, in viewing the upper sicJe, a 
marked difference will at once strike tbe observer. The upper side of the whorls, namely, instead of being 
rounded as in that species. is a sharply defined fiat plane sloping gently downward to the suture and 
extending outward about half the width of the body whorl, as seen in the apical view. The spire is low, 
the outer side of the body whorl moderately convex, the ba~e turning sharply into a small but undeniable 
umbilicus; inner lip very thin. refiected so as to form a semi tubular prolongation from the umbilicus; 
aperture very little, if at all oblique; surface markings, excepting a few obscure vertical lines near the 
mouth, unknown. 

We know of two other species of this type, one from the upper Trenton at Nashville, Tennessee, in 
which the upper plane is less sharply defined, the spire a little higher, and the umbilicus very small; the 
other from the Richmond group at Richmond, Indiana, and Oxford, Ohio, having the upper plane fully as 
well deflned and wide, but not sloping downward, and the umbilicus much smaller or closed. In the 
latter the sutural edge of the plane is raised.* 

Formation ar,i/, locality.-Lower half of Fusispira bed, Trenton group, Kenyon, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, No. 7493. 

Family CAPULID.JE. 

Genus PLATYCERAS, Conrad. 

This genus is only provisionally employed for the following two capuloid shells, 

and as it includes a host of wonderfully diverse shells, upon which the opinions of 

paleontologists vary greatly, we have thought it best to use the genus without 
attempting to give either the synonomy or a diagnosis. 

PLATYCERAS 0) WISCONSINENSIS, n. sp. 

P LATE LXI, FIGS. 49-54. 

Shell rather small, capuloicl, obliquely subconical, with the hight and width nearly equal; apex 
obtuse, not spiral, turned slightly to the right or the left, and situated immediately over or curving 
slightly beyond the apertural margin; aperture more or less obliquely rounded-quadrate, or broadly 
subovate, the peristome horizontal or irregularly sinuate. Surface of cast smooth or with a few obscure 

. *. As these are both interesting an~ important species and easily recognized, I propose to oall the first Ho!opea nasl!-
vtllensUl and t.he second Holopea oxfordensUl. E. O. ULRICH. 
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section; suture distinct, very slightly canaliculate; umbilicus large, equalling about one-fourth of the 
diameter of t.he shell; aperture moderately oblique, rounded, slightly modified above by the preceding 
whorl; surface witb very fine, obscure lines of growth and on the latter half of the body whorl a number of 
more or less obscure undulations running parallel with the aperturalmargin. 

This shell resembles the inner whorls of H. pYl'ene, but its whorls seem to be proportionally more 
slender and more nearly circular in section. Though small, the specimens are evidently mature. 

Formation and locality.-Upper part of Trenton group, near Burgin, Kent,ucky. 

Collection. -E. O. Ulrich. 

HOLOPEA SUPRAPLANA, n. sp. 

PLATE LXXIX, FIGS. 27 and 28. 
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marked difference will at once strike the observer. The upper side of the whorls, namely, instead of being 
rounded as in that species. is a sharply defined flat plane sloping gently downward to the suture and 
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mouth, unknown. 
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which the upper plane is less sharply defined, the spire a little higher, and the umbilicus very small; the 
other from the Richmond group at Richmond, Indiana, and Oxford, Ohio, having the upper plane fully as 
well defined and wide, but not sloping downward, and the umbilicus much smaller or closed. In the 
latter the sutural edge of the plane is raised:* 
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Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 
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wrinldes of growth; external surface unknown. Muscular scar horseshoe·sbaped, situated a little above 
the rnidhight. 

Formation a7u:llocality.-Stones Hiver group, Vanuxemia bed, Beloit, Wisconsin. One of the authors 
believes he collected casts of this shell also in Minnesota, which is very probalJle, but as the sprcimens 
have been mislaid or lost, we cannot now verify the occurrence of the species in this state. 

Oollections.-Universityof Wisconsin; E. O. Ulrich. 

PLATYCERAS DEPRESSUM, n. sp. 

PLATE LXI, FIGS. 55 and 56. 

This form may be only a variety of P. 1Viscon~inen8is. So far as the limited material at hand admits 
of judging, it differs chiefly in being smaller and relatively lower. It is scarcely probable that either of 
these species really belong to Platyceras. Perhaps they are related to the shell~ for which Kayser has 
proposed the genus Hercynella. 

Formation and locality.-Black River group, Ctenodonta bed, six miles south of Cannon Falls, 
Minnesota. 

Oollection.-E. O. Ulrich. 

Suborder SUBULITAUEA. 

Primarily this division is intended to include the Paleozoic Subult'tidce and 

Loxonematidce and the more recent Eulimidce and Pseudomelaniidce. There are other 

Mesozoic and living shells that are more or less obviously related to the families 

mentioned and which might perhaps be advantageously classed with them, hut it 

seems to us too early to attempt either a characterization of the suborder or an 

enumeration of its probable contents. 

Family SUBULrrIDAB. 

Shell more or less elongate, subulate or fusiform, nearly or quite smooth; 

aperture elongate, narrow, canaliculate below; no inner lip; columella involute. 

Following Lindstrom's suggestions, we place in this family Subulites, Conrad, 

Bulimorpha, Whitfield, Fus isp ira, Hall, and Euchrysalis, Laube. To these we add 

Cyrtospira, a new genus, founded on species heretofore regarded as curved forms of 

Subulites. 

Genus SUBULITES, Conrad. 

Subulites, CONRAD, 1847, Pal. N. Y., vol. i, p. 182; LIN DSTRiilVI, ]884, Gastropoda of Gotland, p. 193. 
? Polyphemopsis, PORTLOCK, 1843, Geol. Londonderry, p. 415. 

Shell thin and unadorned, slender, subulate or somewhat fusiform in outline; 

whorl!3 high, flat or very slightly convex on the outer side; suture linear, sometimes 

scarcely distinguishable, in no case greatly modifying the almost even slope of the 

slender spire; aperture elongate, narrow, acuminate above, widest and somewhat 

truncated below, much higher than wide, the width and hight about as one is to four; 
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Subulites. 

Genus SUBULITES, Conrad. 
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outer lip thin, the edge straight above, and strongly recurved below, causing the 

lower extremity to be broadly arched in an end view; columella thin, involute, 

terminating abruptly below, above forming a small spiral axial canal; upper whorls 

of spire usually (?always) filled with organic deposit or shut off from the last three 

to five whorls by a deeply concave septum, in consequence of which casts of the 

interior are incomplete above. Type, S. elongatus Conrad. 

As above described, Suvulites cannot properly include species like S. calciferus, 

S. psyche and S. daphne of Billings, and S. obesus Whitfield. These agree much 

better with average forms of Fusispira. Of the remaining American species referred 

by authors to Subulites, we remove S. parvulus Billings, S. abbreviatus Hall, S. 

notatus Billings, S. ventricosus Hall, and S. brevis Winchell and Marcy, to our new 

genus Cyrtospira, which see. S. richardsoni Billings is not sufficiently known 

to us, but S. inflatus Meek and Worthen is a Fusispira, while S. terebriformis 

Hall and Whitfield, S. gracilis Miller, S. dit'ectus Frerste, and S. compactus Whiteaves, 

evidently are good species of Sub u lites. Of European species, S. attenuatus Lind

strom belongs where its describer placed it, but S. priscus Eichwald, as figured by 

Koken, undoubtedly belongs to Fusispira and not to Subulites. 

Of the following species, which, despite the close resemblances prevailing among 

them, are easily enough distinguished when the specimens are reasonably good, we 

are fully satisfied that all, with the possible exception of S. nanus and S. sp. undet., 

are strictly congeneric with S. elongatus. Testiferous examples are extremely rare, 

and good casts of the interior even are not by any means common. Under the 

circumstances it is to be regarded as very fortunate that we have succeeded in 

obtaining specimens showing the form of the aperture of nearly all of the species 

described. Without the aperture it is sometimes extremely difficult to decide 

whether a shell is to be called a Subulites or a slender, flat-whorled Fusispim. If 

the specimen is a cast and is obtusely terminated above as in figs. 1, 2 and 9, on 

plate LXXXr, the observer may be reasonably certain that it belongs to Subulites 

Another apparently constant, at any rate very reliable difference is found in the 

shape of the under side of the whorls. In Fusispira, namely, the lower part of the 

body whorl turns inward more rapidly, causing a stronger concavity in the 
columellar side of the aperture. 

Concerning the systematic value of the characters relied on by us in separating 

the species, we wish to say merely this: if the value of a character is determined by 

the relative constancy of its repetition in individuals, and if it is allowable to assume 

that its value is about the same in all species of the same genus, then the following 

forms deserve to rank as good species. Of only one species have we more than. 

fifteen good specimens, namely, S. regularis. These range in length from 40 to 100 
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mrn., but in every other respect, as far as we can discover, they are absolutely 

identical. Moreover, the species is recognizable over a geographical range extending 

from Tennessee and Kentucky to Minnesota in one direction, and Ottawa, Canada, 

in another. 

SUBULITES OONRADI, n. sp. 

PLATE LXXXI, li'IGS. 4 and !i. 

Shell extremely elongate-fusiform; the spire slender, long, and tapering not much more gradually 
than the base, which is somewhat truncated; outline on each side gently arcuate, the lower part of the 
middle third of the length perfectly cylindrical; whorls flat, about four and a half in casts of the interior, 
the uppermost of these having an obtuse termination and a diameter of about 6 mm. in a specimen whose 
greatest diameter is about 15 mm.; whorls preceding this not observed; suture linear; aperture long, very 
narrow, expanding gradually from the suture, but contracting again near the base; body whorl tapering 
very gradually. 

This agrees rather closely with all that can be made out of Hall's poor figure (Pal. N. Y., vol. i, pI. 
XXXIX, fig. 5a) of Conrad's original type of S. elongatus, but as it differs from the other specimens figured 
by Hall, as well as from specimens obtained from Watertown, N. Y., said to be of Conrad's species, we 
have hesitated t.o identify our species with S. elongatus. 

Formation and locality. -Stones River group, Goodhue county, Minnesota. A specimen recently 
received from Mr. W. R. Billings, of Ottawa, Canada, who collected it in rocks of the Black River group, 
associated with S. canadensis, near Ottawa, appears to be of this species. 

Gollections.-E. O. Ulrich (4 specimens); W. H. Scofield (6 specimens). 

SUBULITES OANADENSIS, n. sp. (Ulrich.) 

PLATE LXXXI, FIG 3. 

Our figure of this species was made up from several fragments of a S1t/mlites collected several years 
ago at Ottawa, Canada. At that time we supposed that the specimens belonged to S. elongatus Conrad, 
and the figure was prepared to show what we knew, or rather what we believed we knew, of that species. 
In gOing over the subject once more we concluded that it was certainly distinct from S. elol1gatus. Qui te 
recently we received several specimens more of the same form from Mr. W. R. Billings, and learned that 
the species occurs at Ottawa, not in the Trenton limestone, as we supposed, but in the Black River group. 
As the species seems to be a well-marked form, and distinct from all others known to us, we propose to 
deSignate it as above. It is a more robust species than S. conracZi (one of the fragments before us indi
cates a tota1 hight of at least 120 mm.), with the aperture wider below, the whorls slightly convex in the 
spire, and the body whorl more ventricose and tapering more rapidly, while the spire tapers more regu
larly and more rapidly. The greatest diameter of the largest fragment is 22 mm. 

Formation and locality.-Black River group, Lot 3, Con. 3 R., Gloucester, near Ottawa, Canada. 

Uollection.-E. O. Ulrich. 

SUBULITES DIXONENSIS, n. sp. 

PLATE LXXXI, FIGS. 6-8. 

This form is distinguished from S. cUJlradi by its wider aperture and more distinct basal truncation; 
also by the peculiar fullness near the middle of the body whorl, and the more rapid taper downward caused 
thereby. These differences are shown very clearly tlY our figures of the two species on plate LXXXI. 

Formation and locality.-Three specimens were collected at Dixon, Illinois, where they occurred in 
the upper part of the Stones River group. 

Gollection.-E. O. Ulrich. 
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SUBULITES BELOITENSIS, n. sp. 

PLATE LXXXI, FIGS. 0-11. 

The sides of the spire in this form are not arcuate as in S. conradi, and tbe aperture is wider, while 
the taper of the body whorl, as seen in a ventral view, is more gradual thll,n in S. canadensis and S. dix. 
onensis. In one specimen the outer lip, instead of running straight up to the suture, as shown in fig. 10, 
is turned rather strongly backward in the upper fourth. The same specimen preserves a small patch of 
the external surface of the shell. This is somewbat glossy and perfectly smooth to the naked eye, but 
with a good glass some extremely faint lines of growth may be observed; also a revolving line a short 
distance above the suture. 

FOl'mrxtion ancl locality.-Stones River group, Beloit, Wisconsin. 

Collection.-E. O. Ulrich. 

SUBULITES PERGRACILIS, n. sp. 

PLATE LXXXI, FIGS. 12-15. 

Of this form we have seen nothing but fragments, like those figured, which were broken out of a 
solid block of limestone. The shell evidently was extremely slender, with the central and lower parts 
almost cylindrical. The body whorl tapers very gradually, and the outer lip is strongly recurved, forming 
a wide and deep canal. The suture is distinctly banded. 

Formation ancl locality.-Fusispira bed of the Trenton group, Wykoff, Minnesota. 

Collection.-E. O. TJlrich. 

SUBULITES PARVUS, n. sp. (Ulrich.) 

PLATE LXXXI, FIGS. 16 and 17. 

Shell small, scarcely 23 mm. in length and 6.5 mm. across the widest part, fusiform; spire tapering 
more rapidly than usual in the genus, consisting of three or four small, flat whorls; aperture large, com. 
prising more than half the length of the whole shell. 

Formation and locality.-Upper part of Stones River group, High Bridge, Kentucky. 

Collection.-E. O. Ulrich. 

SUBULITES NANUS, n. sp. (ULrich.) 

PLATE LXXXI, FIGS. 18 and 19. 

Shell slender, smooth, fUSiform, very small, the largest of three specimens having a hight of 15 mm. 
and a width of 3 mm.; whorls about five, the apex very acute; aperture elongate, very narrow, not, quite 
half the length of the shell. 

A smaller aDd more slender shell than S. pctrvus. 

Formation and locality.-Stones River group (" Glade limestone "), Lebanon, Tennessee; High Bridge, 
Kentucky. 

Collection.-E; O. Ulrich. 

SUBULITES REGULARIS, n. Sp. 

PLATE LXXXI, FIGS. 05 lLnd 36; PLATE LXXXII, FIllS. 47 and 48. 

Shell 40 to 100 mm. in hight, 10 to 23 mm. in width; hight of aperture about one-third of entire 
hight of shell; spire tapering regularly, the apical angle ]8° to 20°; whorls eight to ten, very gently COD

vex, the hight and width, as shown in spire, about equal; body whorl contracting rapidly in the lower 
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hight of shell; spire tapering regularly, the apical angle 18° to 20°; whorls eight to ten, very gently con
vex, the hight and width, as shown in spire, about equal; body whorl contracting rapidly in the lower 
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half, the columella relatively narrow; aperture comparatively wid(l, widest in the middle, the greatest 
width slightly exceeding a third of the length; outer lip sharp, nearly straight in the upper two-thirds . ' and strongly rounded, wIth also a moderate retral sweep, in the lower third; outer surface of shell per-
fectly smooth in the material at hand. On a fragment of the body whorl, which seems to preserve only 
the inner layer of the shell, some eight or ten revolving brown bands are shown. 

This fine species is readily dirsti nguished from most other species of the genus by its regularly taper
ing spire, and from others by the unusually abrupt contraction of the lower half of the body whorl. In 
the last feature, as well as in the resulting shape of the inner wall of the aperture, the species reRembles 
Fusispira, particularly such species of that gen us as F. plwwlnta and F. noiJilis. 

Formation and locality.-Stones River group, Oannon Falls, Minnesota; Murfreesboro, Tennessee; 
and High Bridge, Kentucky. Also near Ottawa, Oanada, where it is said to occur in the Black River 
limestone. 

Oollection.-E. O. Ulrich. 

SUBULITES, sp. undet. 

PLA TE LXXXI. FIGS. 38, 34, 36 and 37. 

Oompare Fusispim? spicula SARDESON, 1892. Bull. Minn. Acad. Nat. ScL, vol. iii, p. 336, pI. VI, figs. 
10 and 11. 

We have several specimens of a small Subulites agreeing with S. regular'is in having a regularly taper
ing spire and rapidly contracting body whorl. The specimens consist of interior casts and testiferous 
fragments, and at first we thought they belonged to that widely distributed species. A careful compar
ison, however, shows that the whorls are almost perfectly fiat in the spire instead of slightly convex, 
while the shell has a band at the suture that is not apparent in any examples of S. 7·egularis. This banded 
suture allies the form with S beloitensis and S. pergracilis, from which it is distinguished by the shape of 
its body whorl. The specimens in question are peculiar in ODe feature when compared with aJl true species 
of the genus, namely, the filling of the apical whorls is extremely limited, the casts of the interior being 
almost as acute at the apex as is the shell itself. 

Sardeson's Fusispira? spicula, which came from the same bed, may be founded on an imperfect cast 
of this species, but as he describes the aperture as "subquaclrate" and speaks of oblique lines of growth, 
we hesitate to say that it is. Still, he may be mistaken. 

F01'mation and locaZity.-Shales of the Black River group, Minneapolis, St. Paul, Chatfield and Foun
tain, Minnesota. Also at Beloit, Wisconsin, and in the upper part of the Stones River group at High 
Bridge, Kentucky. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 4050. 

Genus CYRTOSPIRA, n. gen. (Ulrich.) 

Like Subulites excepting (1) that the shells are shorter, especially in the spire, 

the length of the aperture generally exceeding half of the total hight of the shell; 

(2) that the shell is curved with one side of the outline straight, the other strongly 

arcuate, or the axis may be spirally turned so that the shell curves first in one 

direction and then in another; and (3) the truncation of the lower extremity of the 

aperture is not so apparent. Types, C. tor-tilis Ulrich and Subulites ventricosus Hall. 

We have separated this type of shells from Subulites, to which it was hitherto 

referred, not only because it is strikingly different from the typical forms of that 

Subulites sp. undet., 
GASTROPODA. 1073 

half, the columella relatively narrow; aperture comparatively wid(~, widest in the middle, the greatest 
width slightly exceeding a third of the length; outer lip sharp, nearly straight in the upper LWf)-Lhirds, 
and strongly rounded, with also a moderate retral sweep, in the lower third; outer surface of shell per
fectly smooth in the material at hand. On a fragment of the body whorl, which seems to preserve only 
the inner layer of the shell, some eight or ten revolving brown bands are shown. 

This tine species is readily distinguished from most other species of the genus by its regularly taper
ing spire, and from others by the unusually abrupt contraction of the lower half of the body whorl. In 
the last feature, as well as in the resulting shape of the inner wall of the aperture, the species resembles 
Fusispira, particularly such species of that gen us as F. plctnulnta and F. nolJilis. 

Formation and locality.-Stones River group, Oannon Falls, Minnesota; Murfreesboro, Tennessee; 
and High Bridge, Kentucky. Also near Ottawa, Oanada, where it is said to occur in the Black River 
limestone. 

Oollection.-E. O. Ulrich. 

SUBULITES, sp. undet. 

PLA TE LXXXI. FIGS. as, 34, 36 and 37. 

Oompare Fusispim? spicula SARDESON, 1892. Bnll. Minn. Acad. Nat. ScL, vol. iii, p. 336, pI. VI, figs. 
10 and 11. 

We have several specimens of a small Subulites agreeing with S. regular'is in having a regularly taper
ing spire and rapidly contracting body whorl. The specimens consist of interior casts and testiferous 
fragments, and at tlrst we thought they belonged to that widely distributed species. A careful compar
ison, however, shows that the whorls are almost perfectly flat in the spire instead of slightly convex, 
while the shell has a band at the suture that is not apparent in any examples of S. 1·egularis. This banded 
suture allies the form with S beloitensis and S. peJ'gracilis, from which it is distinguished by the shape of 
its body whorl. The specimens in question are peculiar in one feature when compared with all true species 
of the genus, namely, the tilling of the apical whorls is extremely limited, the casts of the interior being 
almost as acute at the apex as is the shell itself. 

Sardeson's Fusispira? spicula, which came from the same bed, may be founded on an imperfect cast 
of this species, but as he describes the aperture as "subquadrate" and speaks of oblique lines of growtb, 

we hesitate to say that it is. Still, he may be mistaken. 

Formation and locality.-Shales of the Black River group, Minneapolis, St. Paul, Chatfield and Foun
tain, Minnesota. Also at Beloit, Wisconsin, and in the upper part of the Stones River group at High 
Bridge, Kentucky. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 4050. 

Genus CYRTOSPIRA, n. gen. (Ulrich.) 

Like Subulites excepting (1) that the shells are shorter, especially in the spire, 

the length of the aperture generally exceeding half of the total hight of the shell; 

(2) that the shell is curved with one side of the outline straight, the other strongly 

arcuate, or the axis may be spirally turned so that the shell curves first in one 

direction and then in another; and (3) the truncation of the lower extremity of the 

aperture is not so apparent. Types, C. tortilis Ulrich and Subulites ventricosus Hall. 

We have separated this type of shells from Subulites, to which it was hitherto 

referred, not only because it is strikingly different from the typical forms of that 
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genus, but also for the reason that it proves to have been fully established as early 

as, if not before, the oldest known true Subulitesj'h also because it continues its 

peculiarities without material modification, and with no apparent tendency to pass 

into Subulites, from the base of the Stones River group to or near the top of the 

Upper Silurian. C. tortilis and C. bicurvata are from the first horizon, C. parvula 

Billings sp., from the Black River group, C. wylcoffensis and C. abbreviata Hall sp., 

from the '{'renton group, C. notatus Billings sp., from the Anticosti group, and C. 

brevis Winchell and Marcy sp., and C. ventricosa Hall sp., which may be the same, 

from the Niagara and Guelph formations. The vertical range indicated by this list 

of species having the characters required by Cyrtospira is precisely the same as for 

Subulites. Evidently the two groups of shells existed side by side as parallel but 

distinct genetic lines. 

CYRTOSPIRA TORTILIS, n. sp. (Ulrich.) 

PLATE LXXXI, FIGS. 24 and 25, 

Shell 22 or 23 mm. in hight, about ]0 mill. in width, straight on the side of the aperture and strongly 
curved on the opposite side, consisting of about four gently convex whorls, of which the apical three con
stitute but a small part of the whole shell; apical angle about 520 ; aperture large, acuminate above, some
what truncated below, widest in the middle, the length equalling about three times the greatest width 
and about two-thirds of the entire length of shell; columella rather strongly twisted, turning forward in 
its lower part. 

The large size of the aperture, the strong twist of the columella, obtuse apical angle and slight con
vexity of the whorls, together form a shell that is readily distinguished from all other species referred to 
the genus. 

Formation and locality.-Lower division of the Stones Ri ver group, Murfreesboro, Tennessee. 

Collection.-E. 0, Ulrich. 

CYRTOSPIRA BICURVATA, n. sp. (Ulrich.) 

PLATE LXXXI, FIGS. 21 and 22. 

This is a more slender shell than 0. tortilis and is peculiar in having the apical part turned in the 
usual direction while the last whorl is curved in the opposite way. The body whorl, as seen in a view of 
the aperture, tapers very gradually to the lower extremity of the columella. 

Formation ancZ locality.-Upper part of Stones River group, High Bridge, Kentucky. 
OollectiOll.-E. O. Ulrich, 

CYRTOSPIRA WYKOFFENSIS, n. sp. 
PLATE LXXXI, FIG. 23. 

Although the apex is broken away in hath of the specimens upon which this species is founded, 
enough remains to satisfy us that it was more acute than in either of the preceding species. The body 
whorl tapers gradually as in O. bic!lrvatct, but the curve of the shell is all in one direction, while we are 
convinced that the spire consisted of one or two whorls more than we find in that species. 

Formation and localily.-Fl1sispira bed of the Trenton group, Wykoff, Minnesota. 
Oollection.-E. O. Ulrich. 

, * As stated nnder the description of Subulitcs, S. calci!erus, S. daphne and S. psyche of Billings, and S. ObesU8 Whitfield, 
whIch are older than the Stones River group, are not, strictly speaking, good species of SubuLite8. 
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genus, but also for the reason that it proves to have been fully established as early 

as, if not before, the oldest known true SubuWes/" also because it continues its 

peculiarities without material modification, and with no apparent tendency to pass 

into Subulites, from the base of the Stones River group to or near the top of the 

Upper Silurian. C. tortilis and C. bicurvafa are from the first horizon, C. parvula 

Billings sp., from the Black River group, C. wykoffensis and C. abbreviata Hall sp., 

from the 'I'renton group, C. notatus Billings sp., from the Anticosti group, and C. 

brevis Winchell and Marcy sp., and C. ventricosa Hall sp., which may be the same, 

from the Niagara and Guelph formations. The vertical range indicated by this list 

of species having the characters required by Cyrtospira is precisely the same as for 

Subulites. Evidently the two groups of shells existed side by side as parallel but 

distinct genetic lines. 

CYRTOSPIRA TORTILIS, n. sp. (Ulrich.) 

PLATE LXXXI. FIGS. 24 and 25, 

Shell 22 or 23 mm. in hight, about]O m!Il. in width, straight on the side of the aperture and strongly 
curved on the opposite side, consisting of about four gently convex whorls, of which the apical three con
stitute but a small part of the whole shell; apical angle about 52°; aperture large, acuminate above, some
what truncated below, widest in the middle, the length equalling about three times the greatest width 
and about two-thirds of the entire length of shell; columella rather strongly twisted, turning forward in 
its lower part. 

The large size of the aperture, the strong twist of the columella, obtuse apical angle and slight con
vexity of the whorls, together form a shell that is readily distinguished from all other species referred to 
the genus. 

Formation and lowlity.-Lower division of the Stones Ri ver group, Murfreesboro, Tennessee. 

Collection.-E. 0, Ulrich. 

CYRTOSPIRA BICURVATA, n. sp. (Ulrich.) 

PLATE LXXXI, FIGS. 21 and 22. 

This is a more slender shell than 0. tortilis and is peculiar in having the apical part turned in the 
usual direction while the last whorl is curved in the opposite way. The body whorl, as seen in a view of 
the aperture, tapers very gradually to the lower extre!Ility of the columella. 

Formation ancZ locality.-Upper part of Stones River group, High Bridge, Kentucky. 

Oolleetioll.-E. O. Ulrich, 

CYRTOSPIRA WYKOFFENSIS, n. sp. 
PLATE LXXXI, FIG. 23. 

Although the apex is broken a way in both of the specimens upon which this species is founded, 
enough remains to satisfy us that it was more acute than in either of the preceding species. The body 
whorl tapers gradually as in O. biew'vala, but the curve of the shell is all in one direction, while we are 
convinced that the spire consisted of one or two whorls more than we find in that species. 

Fonncdion and lowlity.-Fusispira bed of the Trenton group, Wykoff, Minnesota. 

Oollection.-E. O. Ulrich. 

, • As stated nnder the description of SullUlitCS. S. calciferus, S. daphne and S. psyche of Billings, and S. ObesU8 Whitfield, 
which are older than tbe Stones RiveI' group, are not, strictly speaking, good species of Subulite8. 



GASTROPODA. 1075 
Fuslspira.l 

Genus FUSISPIRA, Hall. 

In part Murchisonia and Subulites of several authors. 
Fusispira, HALL, 1871, Twenty-fourth Rep. N. Y. St. Mus. Nat. Hist., p. 220. 

Shell fusiform, spire elevated; whorls generally convex, with distinct sutures, 

at other times nearly flat with shallow-or enamelled---sutures; aperture longitu

dinal, elongate ovate or subelliptical, acuminate above, produced below, forming a 

subrimate canal; outer lip sharp, its edge straight from the suture almost to the 

involute extremity of the columella; columella nearly vertical, slightly twisted, 

simple, thin; test varying in thickness, sometimes heavy with indications of broad 

revolving ba.nds (?color bands); exterior surface smooth, or with rows of minute 

punctures arranged in either revolving or longitudinal lines. Type, Jt'. ventricosa 

Hall, which seems to be a variety of F. inflata Meek and Worthen sp. 

The principal difference b.etween this genus and Subulites, Conrad, lies in the 

basal part of the aperture. This is relatively wider and more truncated in that 

genus. On page 1070 we give other details that may aid the student in discrimi

nating between the two genera. These may be supplemented with the remark that 

the shell is perhaps always heavier in Fusispim, giving deeper and open sutures III 

clean casts of the interior. 

FUSISPIRA INFLATA 111eelc and Worthen. 

PLA'.rE LXXX. lcIGS. 17 and 18. 

Subulites inj!atus MEEK and WORTHEN, 1870, Proc. Acad. Nat. Sci. Phila., p. 47; also 1875, GeoL Sur. 
Ill .. vol. vi. p. 495. 

Fusispira ventricosa BALL, 1871, Twenty-fourth Rep. N. Y. St. Mus. Nat. Rist., p. 229, pl. VIII, fig. 6; 

WHITFIELD, 1882, Geol. Wis , vol. iv, p. 245, pI. IX, fig. 2. 

Casts of the interior comparatively short-fusiform, ventricose, consisting of six or seven convex 
whorls, the apical angle expanding with each whorl after the third or fourth; average apical angle about 
60°, Volutions strongly convex, the last very ventricose and constituting uver two-thirds of the entire 
hight of cast; under side of whorls, as seen along the whole inDi~r side of the aperture, strongly concave, 
the upper half of the outline meeting the vertical lower or columellar half at an angle of about 1350 in the 
typical form and about 125° in the varietyventricosa; suture distinct without being channelled or 
impressed. Aperture oblique, narrow, the length mure than twice the width and a little more than half 
of the entire length of the cast; base abruptly rounded, forming a shallow canal; outer lip sharp, directed 
slightly forward in the middle; columella vertical, nearly straight, less than half the length of the aper
ture, very slightly twisted. Surface of casts smooth, of the shell unknown. 

This species is very constant in most r'3spects, and yet a r6cognizabl'~ and apparently persistent dif
ference obtains between the specimens of the Fusispira bed and those of the overlying Maclurea bed. In 
the latter, namely, and these agree most closely with the Wisconsin types of F. t'clltl'icosa, the nnder side of 
the body volution is slightly more ventricose and rounds in more a.bruptly where it joins the columella, 
forming a deeper angle than in the typical form of the species. In Rall's figure, however, the angle is 
deeper than we have seen it, and, considering the constancy of the part in other specimens, we are inclined 

to believe that it was drawn deeper than it should be. 

F.ormation and locality.-Rather common in the Fusispira bed at Rader, Aspelunc1, Wykoff and other 
localities in Goodhue and Fillmor:e counties; also in the Maclurea oed (var. ventJ'icosa) at Sumner, Stew-

GASTROPODA. 1075 
Fus!sp!ra.l 

Genus FUSISPIRA, Hall. 

In part Murchisonia and 8ubulites of several authors. 
Fusispira, HALL, 1871, Twenty-fourth Rep. N. Y. St. Mus. Nat. lIist., p. 22P. 

Shell fusiform, spire elevated; whorls generally convex, with distinct sutures, 

at other times nearly flat with shallow-or enamelled-~sutures; aperture longitu

dinal, elongate ovate or subelliptical, acuminate above, produced below, forming a 

subrimate canal; outer lip sharp, its edge straight from the suture almost to the 

involute extremity of the columella; columella nearly vertical, slightly twisted, 

simple, thin; test varying in thickness, sometimes heavy with indications of broad 

revolving bands (?color bands); exterior surface smooth, or with rows of minute 

punctures arranged in either revolving or longitudinal lines. Type, F. ventricosa 

Hall, which seems to be a variety of F'. inflata Meek and Worthen sp. 

The principal difference b.etween this genus and 8uDltlites, Conrad, lies in the 

basal part of the aperture. This is relatively wider and more truncated in that 

genus. On page 1070 we give other details that may aid the student in discrimi

nating between the two genera. These may be supplemented with the remark that 

the shell is perhaps always heavier in F'usispira, giving deeper and open sutures in 

clean casts of the interior. 

FUSISPIRA INFLATA 111eelc and Worthen. 

PLATE LXXX, l<'IGS. 17 and 18. 

Subulites injtatus MEEK and WORTHEN, 1870, Proc. Acad. Nat. Sci. Phila., p. 47; also 1875, Geol. Sur. 
Ill.. vol. vi, p. 495. 

Fusispira ve?ltricosa HALL, 1871, Twenty-fourth Rep. N. Y. St. Mus. Nat. Rist., p. 229, pl. VIII, fig. 6; 
WHITFIELD,J882, Geol. Wis, vol. iv, p. 245, pl. IX, fig. 2. 

Oasts of the interior comparatively short-fusiform, ventricose, consisting of six or seven convex 
whorls, the apical angle expanding with each whorl after the third or fourth; average apical angle about 
60°. Volutions strongly convex, the last very ventricose and constituting over two-thirds of the entire 
hight of cast; under side of whorls, as seen along the whole inner sine of the aperture, strongly concave, 
the upper half of the outline meeting the vertical lower or columellar half at an angle of about 1350 in the 
typical form and about 125° in the variety ventricosa; sutur<' distinct without being channelled or 
impressed. Aperture oblique, narrow, the length more than twice the width and a little more than half 
of the entire length of the cast; base abruptly rounded, forming a shallow canal; outer lip sharp, directed 
Slightly forward in the middle; columella vertical, nearly straight, less than half the length of the aper

ture, very slightly twisted. Surface of casts smooth, of the shell unknown. 
This species is very constant in most r'2spects, and yet a recognizable and apparently persistent dif

ference obtains between the specimens of the Fusispira bed and those of the overlying 1\'Iaclurea bed. In 
the latter, namely, and these agree most closely with the Wisconsin types of F. ventricosCl, the uneler sic1e of 
the body volution is slightly more ventricose and rounds in more abruptly where it joins the columella, 
forming a deeper angle than in the typical form of the species. In Rail's figure, however, the angle is 
deeper than we have seen it, and, considering the constancy of the part in other specimens, we are inclined 

to believe that it was drawn deeper than it should be. 

F.ormation and locality.-Rather common in the Fusispira bed at Rader, Aspelund, Wykoff anc1 other 
localities in Goodhue and FillmOl:e counties; also in the Maclurea bed (var. ventricosa) at Sumner, Stew-
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artville, Wykoff and other localities. Hall's type came from De Pere, Wisconsin; Whitfield had it from 
Waupun and West Jefferson, in the same state; while Meek and Worthen's types are from Carroll county, 
Illinois. 

CoZlections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, Nos. 286, 7390, 7407, 7428,7172,7481,7495,8390. 

FUSISPIRA INTERMEDIA, n. sp. 

PLA'l'E LXXX, FIGS. 19-21. 

This species is closely related to F. inflata, but as shown in our figures, has a much smaller body 
volution, and relatively higher spire, gi ving on the whole a much narrower shell. The inner outline of 
the aperture also is different, while the whorls are much less convex, and the shell smaller. Tbe apical 
angle increases with growth from about 37° to 45°. 

Formation and locality.-Maclurea and Fusispira befIt> of the Trenton group, Stewartville and nine 
miles south of Cannon Falls, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. 0 Olrich. 

Mt!seum Registe1', No. 7451. 

FUSISPIRA SUBBREVIS, n. sp. 

PLATE LXXX, FIGS. 11-16. 

This forru also is related to P. inflctta but may be distinguished at once by the fact that its whorls 
are coiled RO that the apical angle, instead of becoming wider with the growth of the shell, remains atout 
the same for the whole spire. The Rpire also is not so acute in its upper part, the apical angle being about 
50°, while it is only about 45° for the first four or five whorls of F. inflcttct. The differences mentioned 
result in forming a shell that is also much narrower across the middle. F intermedia has a more elevated 
and slender spire. 

Formcttion and lowlity.-Fusispira and Maclurea beds of the Trenton gruup, thirteen miles south of 
Cannun Falls, and Stewartville, Minnesota; Decorah, Iowa. 

CoUections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

ll-Iuseum Register, Nos. 7362, 8728. 

FUSISPIRA SCHUCHERTI, n. sp. 

PLATE LXXX. FIG. 1. 

Shell subfusiform, consisting of about six or seven gradually increasing, depressed-convex volutions; 
aperture very narrow, oblique. lenticular in outline, its hight forming rather less than two-fifths of the 
length of the shell; body whorl contracting very gradually; columella thick, involute; test very thick, 
causing the suture, which is not very distinct on the exterior, to be very deep and open in casts of the 
interior. Both cast and shell exhibit, the latter the more distinctly, a limited number of distant 
revolving lines. 

This species is widely removed from the preceding forms by its heavy shell. It is a very interesting 
form, and we regret that we cannot devote more space to its discu~sion. The specific name is to remind 
us of Mr. Charles Schuchert, one of our colaborers on the paleontology of Minnesota, who discovered the 
only specimen known. 

Formation ctncl locaUty.-Black River group, Beloit, Wisconsin. 

CoUection.-Geological and Natural History Survey of Minnesota. 

Museum Registe1', No. 7322. 
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artville, Wykoff and other localities. Hall's type came from De Pere, Wisconsin; Whitfield had it from 
Waupun and West Jefferson, in the same state; while Meek and Worthen's types are from Oarroll county, 
Illinois. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Musetlrn Registe-)', Nos. 286, 7390,7407,7428,7'172,7481,7495,8390. 

FUSISPIRA INTERMEDIA, n. sp. 

PLA'l'E LXXX, FIGS. 19-21. 

This species is closely related to F. inflata, but as shown in our figures, has a much smaller body 
volution, and relatively higher spire, giving on the whole a much narrower shell. The inner outltne of 
the aperture also is different, while the whorls are much less convex, and the shell smaller. The apical 
angle increases with growth from about 37° to 45°. 

Formation and locality.-Maclurea and Fusispira bed::; of the Trenton group, Stewartville and nine 
miles south of Cannon Falls, Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E.O Olrich. 

Mttseum Registe1', No. 7451. 

FUSISPIRA SUBBREVIS, n. sp. 

PLATE LXXX, FIGS. 11-16. 

This forlli also is related to P. inflata but may be distinguished at once by the fact that its whorls 
are coiled fiO that the apical angle, instead of becoming wider with the growth of the shell, remains atout 
the same for the whole spire. The Rpire also is not so acute in its upper part, the apical angle being about 
50°, while it is only about 45° for the first four or five whorls of F. inflata. The differences mentioned 
result in forming a shell that is also much narrower across the middle. F intermedia has a more elevated 
and slender spire. 

Formation and locality.-Fusispira and Maclurea beds of the Trenton grlJUp, thirteen miles south of 
Oannon Falls, and Stewartville, Minnesota; Decorah, Iowa. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

lffttsewn Register, Nos. 7362, 8728. 

FUSISPIRA SCHUCHERTI, n. sp. 

PLATE LXXX, FIG. 1.' 

Shell subfusiform, consisting of about six or seven gradually increasing, depressed-convex volutions; 
aperture very narrow, oblique. lenticular in outline, its hight forming rather less than two-fifths of the 
length of the shell; body whorl contracting very gradually; columella thick, involute; test very thick, 
causing the suture. which is not very distinct on the exterior, to be very deep and open in casts of the 
interior. Both cast and shell exhibit, the latter the more distinctly. a limited number of distant 
revolving lines. 

This species is widely removed from the preceding forms by its heavy shell. It is a very interesting 
form, and we regret that we cannot devote more space to its discu~sion. The specific name is to remind 
us of Mr. Oharles Schuchert, one of our colaborers on the paleontology of Minnesota, who discovered the 
only specimen known. 

Formation and locality.-Black River group, BelOit, Wisconsin. 

Collection.-Geological and Natural History Survey of Minnesota. 

Museum Register, No. 7322. 
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FUSISPIRA SULOATA, n. sp. (Ulrich.) 

PLATE LXXX, FIGS. 5-7. 

Shell subfusiform, consisting of about six, gradually increasing' and very depressed-convex whorls, 
the last one of which forms about two-fifths of the rntire length 01' the shell; apical angle about 32°; 
suture deep in casts, scarcely distinguishable externally, the shell being thick; aperture elongate, 
obliquely subelliptical, strongly modified above by the preceding whorl, somewhat acuminate at both 
ends; surface of cast with several more or less obscure revolving furrows; exterior of shell appearing per
fectly smooth and glossy to the naked eye, but under a good glass showing revolving rows of very minute 
punctffi, as shown in fig. 7. 

The whorls are less convex in the spire, the last is more abruptly contracted beiow, and the test only 
about half as thick as in lJ'. schuche?·li. The revolving furrows shown on the interior cast distinguish it 
from all previously described species of the genus. 

Formation and loc(~lity.-From the base of the Utica group or top of the Trenton, at Roger's gap, 
Kentucky. 

Oollection.-E. O. Ulrich. 

FUSISPIRA SUBFUSIFORMIS Hall. 

PLATE LXXXI, FlGS. 38 and ago 

Mltl'chisl)nia su~fusifoJ'mis HALL, 1847, Pal. N. Y., vol. i, p. 180; also 1850, Third Rep. N. Y. St. Oab. 
Nat. Hist., p. 171, pI. IV, fig. 2. 

Fusispim subfusiformis HALL, 1371, Twenty-fourth Rep. N. Y. St. Cab. Nat. Hist., p. 229. 
? Fusispira subfusifonnis S. A. MILLER, 1874, Cin. Quar. Jour. Sci., vol. i, p. 316. 

Casts of the interior elongate-subfusiform, the spire elevated, ascending with moderate rapidity, the 
apical angle 25° or 26°; volutions six or more, casts, howev('r, rarely retaining more than four, very Illoder
ately convex and generally about a third wider than high in the spire; last whorl contracting rapidly 
below; aperture somewhat semi-elliptical, the length equalling about two and one-half times the greatest 
width, and only a little more than one-third of the total length of the shell; outer lip curving forward 
slightly in the middle; suture of very moderate depth in casts, from which we assume that the test 

was thin. 
Hall's original figures in his 1847 work give, as he states himself in the museum report cited, "but 

a very imperfect idea of the species." Furthermore, we are satisfied that his original figures include more 
than one species, the apical angle and form of the aperture being quite different in figs. 2a and 2c, pI. 
XXXIX. In identifying the species we have relied chiefly upon Hall's figure of a better specimen in the 
third museum report. The species is reported from the Utica group at Cincinnati, but we are inclined 
to doubt that the form found there is strictly identieal with the Trenton originals of the species. 

F. subfusi/armis is one of several closely related species. Of these F. terebrifo1'1nis Hall, from the 
Utica group at Cincinnati, has a shorter spire, relati vely longer aperture, and more con vex whorls. 

Formation and locality.-Rare in the Fusispira bed of the Trenton group, in Goodhue and Fillmore 
counties, Minnesota. Also in thtl middle pJrtion of the group near Burgin. Kentucky. The species is 
frequently quoted in lists of Trenton fossils in New York and Canada, but as far as om experience is con
cerned, it appears that several species are there confused under the one name subfusiformis, among them 
the next described F. convexa. 

Oollection.-E. O. Ulrich. 

FUSISPIRA OONVEXA, n. sp. 

PLATE LXXX, FIGS. 8-10. 

This shell resembles F. subfusi/armis Hall but differs in the following particulars: The apical angle is 
Wider, beillg from 33° to 37°, the latter in the specimen regarded as the type of the species; the whorls are 
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FUSISPIRA SULOATA, n. sp. (Ulricll.) 

PLATE LXXX, FIGS. 5-7. 

Shell subfusiform, consisting of about six, gradually increasing <tnd very depressed-convex whorls, 
the last one of which forms about two-fifths of the entire length of the shell; apical <tngle about 32°; 
suture deep in casts, scarcely distinguishable externally, the shell being thick; aperture elongate, 
obliquely subelliptical, strongly modified above by the preceding whorl, somewhat acuminate at both 
ends; surface of cast with several more or less obscure revol ving furrows; exterior of shell appearing per
fectly smooth and glossy to the naked eye, but under a good glass showing revolving rows of very minute 
punctoo, as shown in fig. 7. 

The whorls are less convex in the spire, the last is more abruptly contracted beiow, and the test only 
about half as thick as in F. schuche?·li. The revolving furrows shown on the interior cast distinguish it 
from all previously described species of the genus. 

Formation and lowlity.-From the base of the Utica group or top of the Trenton, at Roger's gap, 
Kentucky. 

CoUection.-E. O. Ulrich, 

FUSISPIRA SUBFUSIFORMIS Hall. 

PLATE LXXXI, FIGS. 38 and 09. 

MI!1'chisonia su~fusi/Ol'mis HALL, 1847, Pal. N. Y., vol. i, p. 180; also 1850, Third Rep. N. Y. St. Cab. 
Nat. Hist., p. 171, pI. IV, fig. 2. 

Fusispil'a sub/usi/ormis HALL, 1871, Twenty-fourth Rep. N. Y. St. Cab. Nat. Rist., p. 229. 
? Fusispira suu/usi/o1'mis S. A. MILLER, 1874, Cin. Quar. Jour. Sci., vol. i, p. 316. 

Casts of the interior elongate-subfusiform, the spire elevated, ascending with moderate rapidity, thE' 
apical angle 25° or 26°; volutions six or more, casts, however, rarely retaining more than four, very moder
ately convex and generally about a third wider than high in the spire; last whorl contracting rapidly 
below; aperture somewhat semi·elliptical, the length equalling about two and one-half times the greatest 
width, and only a little more than one-third of the total length of the shell; outer lip curving forward 
slightly in the middle; suture of very moderate depth in casts, from which we assume that the test 

was thin. 
Rail's original figures in his 1847 work give, as he states himself in the museum report cited, "but 

a very imperfect idea of the species." Furthermore, we are satisfied that his original figures include more 
thao one species, the apical dngle and form of the aperture being quite different in figs. 2a and 2c, pI. 
XXXIX. In identifying the species we have relied chiefly upon Rall's figure of a better specimen in the 
third museum report. The species is reported from the Utica group at Cincinnati, but we are inclined 
to doubt that the form found there is strictly identical with the Trenton originals of the species. 

F. sub/usi/ormis is one of several closely related species. Of these F. te1'ebri/Ol'mis Hall, from the 
Utica group at Cincinnati, has a shorter spire, relativdy longer aperture, and more convex whorls. 

Fo)'mation and locality.-Rare in the Fusispira bed of the Trenton group, in Guodb.ue and Fillmore 
counties, Minnesota. Also in the middle Vlftion of the group near Burgin, Kentucky. Tb.e species is 
frequently quoted in lists of Trenton fossils in New York and Canada, but as far as our experience is con
cerned, it appears that several species are there confused under the one narue sub/llsi/Ol'1nis, among tb.em 
the next described F. convexa. 

OoUection,-E. O. Ulrich. 

FUSISPIRA OONVEXA, n. sp. 

PLATE LXXX, FIGS. 8-10. 

This shell resembles F. sub/usi/ormis Rall but differs in the following particulars: The apical angle is 
Wider, beiug from 33° to 37°, the latter in the specimen regarded as the type of the species; the wborls are 
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more depressed and more convex, the result being a deeper suture; the aperture is relatively wider and not 
so high, the length being but little more than twice the greatest width; and, if we may depend upon the 
appearance of the suture in casts, the test must have been thicker, though perhaps not greatly so. One 
of the specimens (pl. LXXX, fig. 8) exhibits four or five obscure revolving furrows on each of the two lower 
whorls. These probably indicate even closer relations with F. schuche1·ti, F. sulcata and F. nobilis, but we 
doubt if anyone will be likely to confuse the present species with any of those. F. terebrijormis Hall is a 
more slender shell and has a longer aperture. 

There may be some doubt concerning the specific identity of the two specimens referred to this 
species on plate LXXX. The larger, which is from Cannon Falls, Minnesota, retains only the mouth and 
a part of the last two whorls. As near as we can judge from these the apical angle was several degrees 
narrower than in the specimen from Trenton Falls, New York. In other respects, however, the two agree 
very well. 

FOl'jJlation and locality.-Trenton group, Trenton Falls, New York; Clitambonites bed, near Cannon 
Falls, Minnesota. 

Collectioll.-E. O. Ulrich. 

FU8I8PIRA NOBILI8, n. sp. 

PLA TE LXXX, FIGS. 2-4. 

Shell attaining a hight of 100 mm. and a width of 34 mm., the aperture in such a specimen having a 
hight of about 44 mm.; apical angle 27° to 30°; whorls six or seven, gently convex, the last sloping rather 
abruptly inward at the base; aperture acuminate above, narrowly rounded below, somewhat lozenge
shaped in outline, widest in the middle, the length slightly greater than twice the width; surface of cast 
sometimes showing about seven faint revolving lines on each whorl; test apparently very thin. 

The apical angle is wider, the body whorl more abruptly contracted, and the whorls in the spire less 
convex than in F. sHbfusifol'mis. F. cont>exct has much more convex and more depressed whorls. In F. 
schucherti and F. su/cata the shell is much thicker, while in F. planulata the whorls are almost perfectly 
flat. None of the other species are very closely reiated. 

We are indebted to Dr. C. H. Robbins, of Wykoff, Minnesota, for the best specimen seen by us. 

Formation etnd locality.-Fusispira bed of the Trenton group, Wykoff, Pleasant Grove and Fountain, 
Minnesota. 

Collections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich. 

Museum Register, No. 7331. 

FU8I8PIRA PLANULATA, n. sp. 

PLATE LXxXr, FIGS. 26 and 27. 

This spedes resembles, and doubtless is closely related to, F. nobilis, but a critical comparison 
brings out several good differences. It probably did not attain the size of that noble shell, while the spire 
is more slender-the apical angle is only 21° as against 27° or more in F. nobilis-and forms almost an even 
cone, the whorls being quite flat and the suture, even in the cast, very slightly impressed. The base of 
the body whorl also turns inward even more abruptly, the junction between the base and outer side being 
obtusely angular rather than sharply rounded. 

F01'mation etncllocahty.-Fusispira bed of the Trenton group, Wykoff, Minnesota, where we obtained 
a single example. It is of smaller size than the illustrated, specimen, which we collected some years ago 
in app:uently equivalent strata at Eagle POint, Iowa. 

Gollection.-E. O. Ulrich. 
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more depressed and IllOTe convex, the result being a deeper suture; the aperture is relatively wider and not 
su high, the length being but little more than twice the greatest width; and, if we may depend upon the 
appearance of the suture in casts, the test must have been thicker, though perhaps not greatly so. One 
of the specimens (pl. LXXX, fig. 8) exhibits four or five obscure revolving furrows on each of the two lower 
whorls. These probably indicate even closer relations with F. schuche1·ti, F. sulcata and F. nobilis, but we 
doubt if anyone will be likely to confuse the present species with any of those. F. terebriformis Hall is a 

more sleneler shell and has a longer aperture. 
There may be some doullt concerning the specific identity of the two specimens referred to this 

species on plate LXXX. The larger, which is from Oannon Falls, Minnesota, retains only the mouth and 
a part of the last two whorls. As near as we can judge from these the apical angle was several degrees 
narrower than in the specimen from Trenton Falls, New York. In other respects, however, the two agree 

very well. 

Formation uilcl ZocuZit?/.-Trenton group, '.rrenton Falls, New York; Clitambonites bed, near Cannon 
Falls, Minnesota. 

CoZZection.-E. O. Ulrich. 

FUSISPIRA NOBILIS, n. sp. 

PLATE LXXX, FIGS. 2-4. 

Shell attaining a hight of 100 rnrn. and a width of 34 mrn., the aperture in such a specimen having a 
bight of about 44 mm.; apical angle 27° to .30°; whorls six or seven, gently convex, the last sloping rather 
abruptly inward at the base; aperture acuminate above, narrowly rounded below, somewhat lozenge· 
shaped in outline, widest in the middle, tte length slightly greater than twice the width; surface of cast 
sometimes showing about seven faint revolving lines on each whorl; test apparently very thin. 

The apical angle is wider, the body whorl more abruptly contracted, and the whorls in the spire less 
convex than in F. sllbfusiformis. F. COlll'eXCL has much more convex and more depressed whorls. In F. 
schucherti and F. suZwtn the shell is much thicker, while in F. planulata the whorls are almost perfectly 
flat. None of the other species are very closely related. 

We are indebted to Dr. C. H. Robbins, of Wykoff, Minnesota, for the best specimen seen by us. 

Formation u1lC1 locaZity.-Fusispira bed of the Trenton group, Wykoff, Pleasant Grove and Fountain, 
Minnesota. 

ColZections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich . 

. MIlStlllH Register, No 7331. 

FUSISPIRA PLANULATA, n. sp. 

PLATE LXXXI. FIGS. 26 and 27. 

This species resembles, and doubtless is closely related to, F. nobilis, but a critical comparison 
brings out se\'eral good differences. It probably did not attain the size of that noble shell, while the spire 
is more slender-the apical aogle is only 21° as against 27° or more in F. nobilis-and forms almost an even 
cone, the whorls being quite flat and the suture, even in the cast, very slightly impressed. The base of 
the body whorl also turns inward even more abruptly, the junction between the base and outer side being 
obtusely angular rather than sharply rounded. 

F01'mation ancllocal~ty.-FusisDira bed of the Trenton group, Wykoff, Minnesota, where we obtained 
a single example. It is of smaller size than the illustrated speCimen, which we collected some years ago 
in applrently equivalent strata at Eagle POint, Iowa. 

Collectioll.-E. O. Ulrich. 
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FUSISPIRA ANGUSTA, n. sp., and var. SUBPLANA, n. var. 

PLATE LXXXI, FIGS. 2S-;)2. 

This species is represented in the collections before us by fourteen or more casts of the interior. 
These are slender, with an apical angle of 18° to 20°, and consist of four or five volutions, the perfect shell 
probably having had several more at the apex. The whorls are unusually high, very slightly convex
almost fiat-and separated by very oblique, deep and open sutures. indicating a rather thick shell. The 
aperture is narrow, somewhat lenticular in outline, and about three times as long as wiele. The largest 
specimens indicate a total hight of about 100 mm. 

Figure 32 represents one of two specimens that may be distinguished at least as a good variety, for 
which we propose the name subplana. It differs from the typical form of the species in having an apical 
angle of 25°, instead of 20° or less, and less distinct sutures, indicating a thinner shell. 

Formation and locality.-Fragments of this species are not uncommon in the CliLambonites bed of 
the Trenton group, at various localities in Goodhue county, and more rarely in the lower part of the 
FuSispira bed near Cannon Falls and Fountain, Minnesota. It occurs also in the lower half of the same 
group of rocks near Burgin, Kentucky. 

Oollections.-Geological and Natural History Survey of Minnesota; E. O. Ulrich; W. H. Scofield. 

Museum Register, Nos. 218, 7378, 7423, 8394. 

Family LOXONEMATID~. 

Genus MEEKOSPIRA, n. gen. (Ulrich.) 

Shell elongate conical or somewhat fusiform, consisting of smooth, nearly 

flat or more distinctly convex, and but slightly overlapping, whorls; aperture subovate, 

occasionally somewhat effuse below; inner lip slightly reflected, simple, without 

folds winding about the columella so as to pass out of sight opposite the middle, of 

the aperture, lines of growth nearly or quite straight and vertical. Type, Eulima? 

(later Polyphemopsis) peracuta Meek and Worthen, Coal Measures, Illinois. Probably 

congeneric species have been referred to Melania, Eulima, Polyphemopsis, Macrochilina 

and Subulites. 
We regard this genus as occupying an intermediate position between Loxonema, 

Phillips, and Soleniscus, Meek and Worthen (Macrochilus Phillips), two genera which 

in some of their extreme forms border closely upon the ground of the proposed 

genus. In another direction Meekospira approaches Bulimorpha, Whitfield, while 

the' new genus on the whole reminds one considerably of the Eulimidce of which 

some of its species may be the ancestors. 
Meekospira will probably include beside the type species also Polyphemopsis 

nitidula and P. inornata of Meek and Worthen, of the Coal Measures, P. louisvillce 

Hall and Whitfield, and Melania antiqua Goldfuss, Devonian, Macrochilina bulima, 

M. cancellata and M. fenestrata of Lindstrom and SubuWes (Pol?fphemopsis) planilateralis 

Foorste, Upper Silurian, and the Lower Silurian species about to be described, 

M. subconica. 
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FUSISPIRA ANGUSTA, n. s:p., and var. SUB PLANA, n v . ar. 

PLATE LXXXI, FIGS. 28-:J2. 

Tbis Ilpecies is represented in the collections before us by fourteen or more casts of the interior. 
Tbese are slender, with an apical angle of 18° to 200

, and consist of fOllr or flv[; volutions, the perfect shell 
probably baving had several more at the apex. The whorls are unusually high, very slightly (;onvex
almost fiat-and separated by very oblique, deep and open sutures, indicating a rather thick shell. 'Ehe 
aperture is narrow, somewhat lenticular in ontline, and about thwe times as lung as widr;. The largest 
specimens indicate a total bight of about 100 Illm. 

Figure 32 represents one of two specimens that may be distinguished at least as a goo(l variety, for 
wbich we propose the name subplana. It differs from the typical form of the species in having an apical 
angle of 25°, instead of 20° or less, and less clistinct sutures, indieating a thinner shell. 

Formation ancl localitll.-Fragments of thi" species are not lln(;OrnnlUn in the CliLambonites bed of 
the Trenton group, at various localities in Goodhue eounty, and more rarely in the lower part of the 
l!'usispira bed near Cannon Falls and Fountain, Minnesota. It oeeurs also in the lower half of the same 
group of rocks near Burgin, Kentueky. 

GoZlections.-Geologieal and Natural History Survey of Minnesota; E. O. Ulrieb; W. H. Scofield. 

Museum Register, Nos. 218, 7378, 7-123, 8394. 

Family LOXONEMATIDM. 

Genus MEEKOSPIRA, n. gen. (Ulrich.) 

Shell elongate conical or somewhat fusiform, consist.ing of smooth, nearly 

fiat or more distinctly convex, and but slightly overlapping, whorls; aperture subovate, 

occasionally somewhat effuse below; inner lip slightly reflected, simple, without 

folds winding about the columella so as to pass out of sight opposite the middle, of 

the aperture, lines of growth nearly or quite straight and vertical. Type, Eulima? 

(later Polyphemopsis) peracuta Meek and Worthen, Coal Measures, Illinois. Probably 

congeneric species have been referred to Melania, Eulima, Polyphemopsis, Macrochilina 

and Subulites. 
We regard this gen us as occupying an intermediate position between Loxonema, 

Phillips, and Soleniscus, Meek and Worthen (Macrochilus Phillips), two genera which 

in some of their extreme forms border closely upon the ground of the proposed 

genus. In another direction Meekospira approaches Bulillwt]Jha, Whitfield, while 

the new genus on the whole reminds one considerably of the Eulirnidce of which 

some of its species may be the ancestors. 
Meekospira will probably include beside the type species also Polyphemopsis 

nitidnla and P. inornata of Meek and Worthen, of the Coal Measures, P. louisvillcc 

Hall and Whitfield, and Melania antiqua Goldfuss, Devonian, Macrochilina bulima, 

M. cancellata and M. fenestrata of Lindstrom and Subulites (Polyphemopsis) planilateralis 

Frorste, Upper Silurian, and the Lower Silurian species about to be described, 

M. subconica. 
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If all these species are indeed genetically related, then Meekospira certainly 

deserves recognition as an independent and long-lived generic type. Of them all, 

the oldest two (M. subconica and M. planilateralis FCBl'ste sp.) are the most like the 

Carboniferous type of the genus. The others have more convex~whorls. 

MEEKOSPIRA SUBCONICA, n. sp. 

PLA TE LXXXI, FIGS. 40 and 41. 

Shell elongate subconical, apical angle about 33°; hight about 27 mm.; greatest width of body whorl 
12 mm.: whorls six or seven, very slightly con vex, separated by shallow sutures; base of body whorl some
what fiattened; apertura subq uadrate, its width less than the hight; outer lip straight and nearly vertical, 
viewing it from the side; inner lip thin, passing out of sight a little above the middle of the aperture 
Surface smooth in the only specimen seen. 

This is closely related to M. planilatemlis Fmrste sp., from the Olin ton group in OhiO, but is larger, 
has a wider apical angle and a more nearly quadrate aperture. 

Formation and locality.-Richmond group, Spring Valley, Minnesota. 

Collection.-E. O. Ulrich. 

APPENDIX TO THE GASTROPODA. 

a b c 

FIG. IO.-Owenelia antiquata Whitfield sp., Upper Oambrian, Osceola Mills, Wisconsin. a, Dorsal 
view of a small specimen retaining surface markings and showing that there is no slit-band. band c, 
Dorsal and lateral views of a larger specimen showing general form of shell and the umbilicus. The 
figures are magnified two diameters, and the specimens belong to the U. S. National Museum. (This (Jut 
should ha ve appeared at tlle top of page 848.) 

. FIG. ll.-a, b, c, .Eucono~p~ra p~anibasalis, n. sp. (Ulrich), Upper Oarboniferous, Kansas Uity, Mis
s?url. [l, e, Eliconosptra tu)'bmijoTlnts Meek and Worthen sp., Ooal Measures, La Salle, Illinois. a, Side 
View of an entire specimen of E. planibasalis, x2, showing general form of Shell, the fiat base, surface 
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If all these species are indeed genetically related, then Meekospira certainly 

deserves recognition as an independent and long-lived generic type. Of them all, 

the oldest two (M. subconica and M. planilateralis Fcerste sp.) are the most like the 

Carboniferous type of the genus. The others have more convex~whorls. 

MEEKOSPIRA SUBCONICA, n. sp. 

PLA TE LXXXI, FIGS. 40 and 41. 

Shell elongate subconical, apical angle about 33°; hight about 27 mm.; g-reatest width of body whorl 
12 mm.: whorls six or seven, very slightly con vex, separated by shallow sutures; base of body whorl some
what fiattened; apertura subquadrate, its width less than the hight; outer lip straight and nearly vertical, 
viewing it from the side; inner lip thin, passing out of sight a little above the middle of the aperture 
Surface smooth in the only specimen seen. 

This is closely related to M.1JZan·iZatemlis FCBrste sp., from the Clinton g-roup in Ohio, but is larger, 
has a wider apical angle and a more nearly quadrate aperture. 

Formation aHd loculity.-Richmond group. Spring Valley, Minnesota. 

Collection.-E. O. Ulrich. 

APPENDIX TO THE GASTROPODA. 

a b 

FIG. 10.-0weneZla antiquata Whitfield sp., Upper Cambrian, Osceola Mills, Wisconsin. a, Dorsal 
view of a small specimen retaining surface markings and showing that there is no slit-band. band c, 
Dorsal and lateral views of a larger specimen showing general form of shell and the umbilicus. The 
figures are magnified two diameters, and the specimens belong to the U. S. National Museum. (This cut 
should ha ve appeared at tQe top of page 848.) 

. FIG. 11.-a, b, c, Etlconospira pZanibasaZis, n. sp. (Ulrich), Upper Carboniferous Kansas Oity Mis
soun. el, e, EIl~onospira tUJ'binijo1'lnis Meek and Worthen sp., Coal Measures. La Saile, Illinois. ~, Side 
view of an entire specimen of E. planibasaZis, x2, showing general form of Shell, the fiat base, surface 
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markings, apertural slit and band. 'l'he line beneath Lhe figure shows the form of the basal side 01' E. 
turbiniformis. b, .The band of the second to the last whorl of same specimen, with a I;mall portion of the 
surface above and beneath it, x3. c, Portion of the tlat under surface of another specimen of E. plttl1i
basalis, x2, showing the direction of the lines of growth and the revol ving lines which cover nearly t.he 
whole of this surface. d, Similar portion of the under surface of E. turbinifonnis, /.2, showing very delicate 
lines of growth but no revolving lines. e, Small portion of slope of spire of same for comparison with tlg b. 
The surface markings are appreciably different and the sculpture and section of the slit-band widely at 
variance in the two species. (This cut should have appeared on page 9,,6.) 

c 

FIG. 12.-Several Carboniferous species of Trepospim. Ct and b, Two views of a perfect specimen of 
T. sphcerulata Conrad sp., showing the depressed apex, short slit, projecting upper lip and other features 
characterizing in part this genus anel species. c, Inner whorls of another specimen of this species, xlO, show
ing several changes which take place in the early development of the shell. Both specimens are from Spring
field, Illinois. d and e, A small specimen of 1. conve,ca Ulrich, natural size and magnified, viewed so as to 
show the depth of the apertural sinus and slit and the depressed convex spire. f, The same specimen viewed 
from above. g, Another specimen, also x2, showing the under side. T. convexa is a new species, differing 
from the others in the gentle convexit,y of the upper side of the whorls. It is from the Lower Coal Meas
ures at Seville, Illinois. h, Lateral view, X2, of a specimen of T. illinoisensis Worthen sp., from Peoria, Illi
nois. (This cut should have appeared on page 957.) 

Errata for the chapter on Gust1·opoda. 

PAGE. 
819, 15th to 17th lines from top. As this chapter has taken more space than was expected, it is necessary 

to omit the classification and su mmary spoken of iu th 'se lines. 
846, 5th line from bottom, U. subplanus. This species is well figured on plate LXI (figs. 40 to (4), but 

unfortunately its description was overlooked. 
847, add to last paragraph: For figures of Whitfield's species see appendix, page 1080. 
871, 10th line from top, between third and fourth words insert inner. 
956, add to first paragraph: For figures of species of this genus see appendix, page 1080. 
957. add to second paragraph: For figures of this and other species of this genus see appendix, page 1081. 
960, 4th line from bottom, for ., page __ " read page 951. 
978, 12th line from bottom, for" LOPHOSPIltA MULTIGRUMA Miller" read LOPHOSPIRA TROPIDOPHORA 

Meek sp.; and to synonomy of the species add: PleU1'otomctl'ia (Scalitesf) tTopidophom MEEK, 1873, 
Pal. Ohio, vol. i, p. 154, pI. XIII, figs. 6a, b. 

979, 6th line from bottom, add: (Not HALL.) 
982, 10th line from bottom, under LOPHOSPIRA SAFFOHDI insert PLATE LXXIII, FIGS. 49-51. 
995, l;;th line from top, for" FIGS. 36-38" read FIGS. 35-38. 
995, 27th line from top, the shell referred to in the paragraph beginning with this line is illustrated on 

plate LXXXII by figures 42-41, and is there named Liospim modesta. 

GASTROPODA. 108t Appendix.) 

markings, apertural slit and baml. ']'he line beneath Lhe figme shows Lhe form of thl) bas,L] sid(~ 01" l!J. 
turbinijormis. b, The band of the second to the last whorl of same specilllen, with a small portion or the 
surface above and beneath it, x3. c, Portion of the Hat under surface of another specimen of E. Jill/wi
basalis, x2, showing the direction of the lines of growth and the revolving lines which cover nr;arly t.he 
whole of this surface. d, Similar portion of the under surface of E. turiJillifo"fmis, /2, showi ng very delicate 
lines of growth but no revolving lines. e, Small portion of slope or spire of same for comparison with fig b. 
The surface markings are appreciably different and the sl:lllpLure and section or the slit-lmnd widdyat 
variance in the two speCies. (This cut should have appeared on page fj;,6.) 

c 

;, 

~\ 
. \f' 

e 

FIG. 12.-Several Carboniferous species of Trepospim. a and b, Two views of it perfect specimen of 
T. sphcerulata Conrad sp., showing the depressed apex, short slit, projecting upper lip and other featmes 
characterizing in part this genus and species. c, Inner whorls of another specimen of thb species, XlO, show
ing several changes which take place in the early development of the shell. Both specimens are from Spring
field, Illinois. a and e, A small specimen of 1. convecca Ulrich, natural size and magnified, viewed so as to 
show the depth of the apertural sinus and slit and the depressed convex spire. f, The same specimen viewed 
from above. g, Another specimen, also x2, showing the under sille. T. convex a is a new species, differing 
from the others in the gentle convexit.y of tile upper side of tile whorls. It is from the Lower Coal Meas
ures at Seville, Illinois. h, Lateral view, x2, of a specimen of T. illinoisensis Worthen sp., from Peoria, Illi
nois. (This cut should have appeared on page 957.) 

Errata for the chapter on Gast?·opoda. 

PAGE. 
819, 15th to 17th lines from top. As this chapter has taken more space than was expected, it is necessary 

to omit the classification and summary spoken of in th 'se lines. 
846, 5th line from bottom, U. subplanus. This species is well figured on plate LXI (ligs. 40 to 44), but 

unfortunately its description was overlooked. 
841, add to last paragraph: For figures of Whitfield's species see appendix, page 1080. 
811, 10th line from top, between third and fourth words insert inner. 
956, add to first paragraph: For figures of species of this genus see appendix, page 1080. 
957. add to second paragraph: For figures of this and other species of this genus see appendix, page 1081. 
960, 4th line from bottom, for •• page --" read page 951. 
978, 12th line from bottom, for" LOPHOSPIRA MULTIGRUJlIA Miller" read LOPHOSPIRA TIWPIDOPlIORA 

Meek sp.; and to synonorny of thfl species add: PleuTotonwria (Scalites?) tropic1oplwra MEEK, 1873, 
Pal. Ohio, vol. i, p. 154, pl. XIII, figs. 6a, b. 

979, 6th line from bottom, add: (Not HALL.) 
982, 10th line from bottom, under LOPHOSPIRA SAFFOIWI insert l'LATE LXXIII, FIGS. 49-51. 
995, l:ith line from top, for" FIGS. 36-38" read FIGS. 35-38. 
995, 27th line from top, the shell referred to in the paragraph beginning with this line is illustrated on 

plate LXXXII by figures 42-H, and is there named Liosp-ira modesta. 



PLATE LXL 

Figs. 1 and 2 ARCHINACELLA CINGULATA Ulrich ..... . 
Dorsal and profile views of a silicified sh~l'l' ~f' tb'i~' ~~~cj~~: "Bi~~k Ri~~~ '~;~~~', 

Figs. 3 to 5 
3 and [) 

4 

Fig;;. 6 and 7 

Figs. 8 and 9 

Mercer county, Kentucky. 

ARCHINACELLA POWERSI U. and S ..... . 
Profile and dorsal views of a cast of the'i'~t~;i'~; ~h~;~i~~' ~~s'c'~i~; i~~~~~~i~~~' i~ 

a very satisfactory manner. A, rostral scars; B, antero-laterals; C, the loop: D, 
a narrow pair flying .iust within the loop. Stones River group, Beloit, Wis
consin. Collection, University of Wisconsin 

Dorsum of same shell as shown by a gutta percha impression of its matrix. 

ARCHINACELLA RICHllIONDENSIS Ulrich ........................................... . 
Dorsal and profile views of a gutta pereha impression of the exterior of the shell 

wbieh was overgrown by a bryozoan and subsequently dissolved away. Rich
mond group, Richmond, Indiana. 

ARCHINACELLA DEPltESSA U. and S ............................................. . 
Dorsal and profile views of tbe type of this species. Stones River group, Minne

apolis, Minnesota. Geological and Natural History Survey of Minnesota, Mu
seUill Register No. 5523. 

PAGE. 

829 

829 

830 

Figs. 10 and 11 ARCHINACELLA SIMULATRIX U. and S.... .......................... .... .......... 833 

Figs. 12 and 13 

Figs. 1 i and 15 

Figs. 16 to 20 
16 and 20 

17 
18 and 19 

Figs. 21 to 23 

lJ'igs. 24 and 25 

Figs. 26 and 27 

Profile and dorsal views of a cast of the exterior from the Phylloporina Led of the 
Black River group at St. Paul, Minnesota. 

AIWHINACELLA SEMICARINATA U. and S .......................................... . 
Two views of a cast of the interior, showiug tbe carinate umbo and usual form of 

t,he species. The linear muscular loop is faintly indicated. Clitamhonites bed 
of tbe Trenton group, Cannon Falls, Minnesota. 

ARCHINACELLA VALIDA Sardeson sp ............................................ . 
Two views of a rather small specimen of tbis species. Trenton group (Clitambon

ites beds), Cannon Falls, Minnesota. Geological and Natural History Survey 
of Minnesota, Museum Register No. 7417. 

ARCHINACELLA DELETA Sardeson sp .............................................. . 
Two views of an unusually narrow specimen, from Minneapolis. This, like the 

original of figures 18 and 19, grew upon the inner surface of a spiral shell. A 
part of tbe internal cast of the latter now forms tbe under side of the specimen 
and gives it tbe appearance of a bivalved shell. 

A specimen of the usual size and proportions. Goodhue county, Minnesota. 
Two views of a wide cast of the interior. Near Fountain, Minnesuta. Geological 

and Natural History Survey of Minnesota, Museum Register No. 4067. 
All from the Ctenodonta bed of tbe Black River group. 

ARCHINACELLA INSTA13ILIS var. INCURVA U. and S ............................... . 
Tbree views of an imperfect specimen of this variety, the first of the natural size, 

the otbers magnified. Otenodonta bed of tbe Black Riyer group, Goodbue 
county, Minnesota. 

ARCHINACELLA ROTUNDA U. and S ............................................... .. 
Two views of the cast of tbe interior upon which tbis species is founded. The 

inner border of tbe continuous muscular loop is sharply preserved, but the 
extreme point of tbe rostrum and part of the margin on the left side is wanting 
in tbe specimen. Utica group, Graf, Iowa. 

AROHINACELLA SUBROTUNDA U. and S ........................................... . 
Profile and dorsal views of an entire shell of tbis species. Ctenodonta bed of tbe 

Black Ri ver group, near Cannon Falls, Minnesota. 

833 

832 

831 

835 

835 

834 

Fig. 28 HELCIONOPSIS SUBCARINATA U. and S........... ......... ......... .... .... .... .... . 827 
Dorsal view of a partial cast of the interior of tbis species. The upper line repre

sents tbe appearance of thiH part of tbe outline in another specimen. The radi
ating lines in the rigbt upper fourtb of the figure probably represent muscular 
imprints. Between tbese and the margin the specimen shows numerous very 
fine radiating lines, wbicb we believe correspond with lines upon. the extern~l 
surface of tbe sbell. Tbe profile is very nearly as in figure 20 of thIS plate. ClJ
tambonites bed of the Trenton group, Goodhue county, Minnesota. 

Figs. 1 and 2 

Figs. 3 to 5 
3 and 5 

4 

Fig;;. 6 and 7 

Figs. 8 and 9 

PLATE LXL 

ARCHINACELLA CINGULATA Ulrich 
Dorsal and profile views of a si licifi~d' ~h'~l'l' ~f' tb'i~' ~~~c'i~~:' 'Bi~~k Iii ~~~ '~;~~~', 

Mercer county, Kentucky. 

ARCHINACELLA POWERSI U and S 
Profile and dorsal views of ~ cast ~f 'th~'i'~t~;i'~; ~h~;~i~~' ~~'s'c'~i~; i~~~~~~i~~~' i~ 

a very satisf~ctory manner. A, rostral scars; B, antero-laterals; C, the loop: D, 
a narrow paIr flying .iust within thu loop. Stolles River group, Beloit, Wis
consin. Collectioll, University of Wisconsin 

Dorsum of same shell as shown by a gutta perch a impression of its matrix. 

ARCHINACELLA RICHllIONDENSIS Ulrich 
Dorsal and profile views of a gutta pe~~h'a' i~~~~~~i~~' ~f' th~' ~~t~~i~; '~f' th'~ ~h'~li 

which was overgrown by a bryozoan and subsequently dissolved away. Rich
mond group, Richmond, Indiana. 

ARCHINACELLA DEPltESSA U. and S ............................................. . 
Dorsal and profile views of the type of this species. Stones River group, Minne

apolis, Minnesota. Geological and Natural History Survey of Minnesota, Mu
seUill Register No. 5523. 
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829 

829 

830 

Figs. 10 and 11 ARCHINACELLA SlllIULATRIX U. and S.... ................ .............. .......... 833 

Figs. 12 and 13 

Figs. 1! and 15 

Figs. 16 to 20 
16 and 20 

17 
18 and 19 

Figs. 21 to 23 

Figs. 24 and 25 

Figs. 26 and 27 

Profile and dorsal views of a cast of the exterior from the Phylloporina Led of the 
Black River group at St. Paul, Minnesota. 

AHCHINACELLA SElIIICARINATA U. and S .......................................... . 
Two views of a cast of the interior, showiug the carinate umbo and usual form of 

t,he species. The linear muscular loop is faintly illdicated. Clitambonites bed 
of the Trenton group, Cannon Falls, Minnesota. 

ARCHINACELLA VALIDA Sardeson sp ............................................ . 
Two views of a rather small specimen of this species. Trenton group (Clitambon

ites beds), Cannon Falls, Minnesota. Geological and Natural History Survey 
of Minnesota, Museum Register No. 7417. 

ARCHINACELLA DELETA Sardeson sp .............................................. . 
Two views of an unusually narrow specimen, from Minneapolis. This, like the 

original of figures 18 and 19, grew upon the inner surface of a spiral shell. A 
part of the internal cast of the latter now forms the under side of the specimen 
and gives it the appearance of a bivalved shell. 

A specimen of the usual size and proportions. Goodhue county, Millnesota. 
Two views of a wide cast of the interior. Near Fountain, Minnesuta. Geological 

and Natural History Survey of Minnesota, Museum Register No. 4067. 
All from the Ctenodonta bed of the Black River group. 

ARCHINACELLA INSTA13ILIS var. INCURVA U. alld S ............................... . 
Three views of an imperfect specimen of tbis variety, the first of the natural size, 

the others magnified. Ctenodonta bed of the Black River group, Goodhue 
county, Minnesota. 

ARCHINACELLA ROTUNDA U. and S ................................................ . 
Two views of the cast of the interior upon which this species is founded. The 

inner border of the continuolls muscular loop is sharply preserved, but the 
extreme point of the rostrum alld part of the margin on the left side is wanting 
in the specimen. Utica group, Graf, Iowa. 

ARCHINACELLA SUBROTUNDA U. and S ............................................ . 
Profile and dorsal views of an entire shell of this species. Ctenodonta bed of the 

Black Ri ver group, near Cannon Falls, Minnesota. 

833 

832 

831 

835 

835 

834 

Fig. 28 HELCIONOPSIS SUBCARINATA U. and S ........................ ······ .. ·· .. · ......... 827 
Dorsal view of a partial cast of the interior of tbis species. The upper line repre

sents the appearance of thiH part of the outline in another specimen. The radi
ating lines in the right upper fourth of the figure probably represent muscular 
imprints. Between these and the margin the specimen shows numerous very 
flne radiating lines, which we believe correspond with lines upon the external 
surface of the shell. The profile is very nearly as in figure 20 of this plate. Cli
tambonites bed of the Trenton group, Goodhue county, Minnesota. 



Figs. 29 and 30 IlELCIONOPSIS STRIATA Ulrich ................................................... .. 
PAGE. 

827 
Profile and dorsal views of a gut,ta perch a cast of a natural mold of the exterior 

in the base of a bryozoan. Richmond group, Marion county, Kentucky. 

Figs. 31 and 32 SCENELLA RADIALIS U. and S...... ................................................ 841 
Two views of the type of this species. The specimen is a cast of the interior. 

Trenton group, St. Paul, Minnesota. Geological and Natural History Survey 
of Minnesota, Museum Register No. 5535. 

Figs. 33 and 34 SCENELLA BELOITENSIS U. and S............ ...................................... 839 
Two views of an in ternal cast preserving muscular imprints. Stones River group, 

Beloit, Wisconsin. Collection of the University of Wisconsin. 

Fig. 35 SCENELLA SUPERBA Billings sp. . . .. ................................. ............ 838 

Figs. 36 and 37 

Figs. 38 to 41 
. 38 to 40 

41 

Profile view of a specimen of the average size and proportions. Stones River 
group, Cannon Falls, Minnesota. 

SCENELLA AFFINIS U. and S .......................................... , ............ . 
Two views 01' a nearly perfect example of the typical form of this species. Be

sides the transverbe wrinkles shown in the figures, the specimen preserves 
obscure remains of very fine radiating and concentric lines. Black River 
group, Goodhue county, Minnesota. 

SCENELLA COMPRESSA U. and S ........................................... ; ..... . 
'l'hree views of a cast of the interior, the compressed form slightly exaggerated by 

pressure. 'rhe second outline shown on two of the figures is intended to show 
the probable original dimensions of the specimen. 

Portion of external surface, obtained from a gutta percha impression of a natural 
mold, X3. 

840 

840 

Figs. 42 to 44 Sl'ENOl'HECA UNGUIF'ORlIfIS Ulrich................................................. 843 
Profile and dorsal views of an average example, and parL of its surface, x3. Tren· 

]'igs. 45 to 48 
45 and 46 

47 and 48 

Figs. 49 to 54 

Figs. 55 and 56 

ton group, Mercer county, Kentucky. 

PALJEACM1EA HUMILIS U. and S...................................... .... .......... 837 
Two views of a small but well preserved example. Ctenodonta bed of the Black 

River group, Goodhue county, Minnesota. 
Similar views of a cast of the interior from the Vanuxemia bed of the Stones 

River group at Minneapolis. Geological and Natural History Survey of Minne
sota, Museum Register No. 5104. 

PLATYCERAS (?) WISCONSINENSE U. and S.......................................... 1068 
Two views each of three castg of the interior showing the variable nature of this 

shell. Stones River group, Beloit, Wisconsin. Collections of the University of 
Wisconsin, and of E. O. Ulrich. 

PLATYCERAS (?) DEPRESSUlII U. ana S ...... " . ... .... .... .... .... .... .. .... .. ...... 1069 
Two views of the type of this species. It preserves the shell and was collected 

from the Ctenodonta bed of the HJack River group, near Cannon Falls, Minne-
sota. 

Figs. 29 and 30 IiELCIONOPSIS STRIATA Ulrich ........•...........•.....•.......................... 
PAGE. 

827 
Profile and dorsal views of a gut,ta percha cast of a natural mold of the exterior 

in the base of a bryozoan. Richmond group, Marion county, Kentucky. 

Figs. 31 and 32 SCENELLA RADIALIS U. and S...... ................................................ 841 
Two views of the type of this species. The specimen is a cast of the interibr. 

Trenton group, St. Paul, Minnesota. Geological and Natural History Survey 
of Minnesota, Museum Register No. 5535. 

Figs. 33 and 34 SCENELLA BELOITENSIS U. and S............ ...................................... 839 
Two views of an internal cast preserving muscular imprints. Stones River group, 

Beloit, Wisconsin. Collection of the University of Wisconsin. 

Fig. 35 SCENELLA SUPERBA Billings sp. . . .. ................................. ............ 838 

Figs. 36 and 37 

Figs. 38 to 41 
. 38 to 40 

41 

Figs. 42 to 44 

]'igs. 45 to 48 
45 and 46 

47 and 48 

Figs. 49 to 54 

Figs. 55 and 56 

Profile view of a specimen of the average size and proportions. Stones River 
group, Cannon Falls, Minnesota. 

SCENELLA AFFINIS U. and S .......................................... ,... .... ...... 840 
Two views 01' a nearly perfect example of the typical form of this species. Be

sides the transverbe wrinkles shown in the figures, the specimen preserves 
obscure remains of very fine radiating and concentric lines. Black River 
group, Goodhue county, Minnesota. 

SCENELLA COMPRESSA U. and S .......................................... ........ 840 
'l'hree views of a cast of the interior, the compressed form slightly exaggerated by 

pressure. '.rhe second outline shown on two of the figures is intended to show 
the probable original dimensions of the specimen. 

Portion of external surface, obtained from a gutta percha impression of a natural 
mold, X3. 

STENOTHECA UNGUIF'ORlIflS Ulrich................................................. 843 
Profile and dorsal views of an average example, and part of its surface, x3. Tren· 

ton group, Mercer county, Kentucky. 

PALJEACM1EA HUMILIS U. and S ..................................... , .... .... .... .. 837 
Two views of a small but well preserved example. Ctenodonta bed of the Black 

River group, Goodhue county, Minnesota. 
Similar views of a cast of the interior from the Vanuxemia bed of the Stones 

River group at Minneapolis. Geological and Natural History Survey of Minne
sota, Museum Register No. 5104. 

PLATYCERAS (?) WISCONSINENSE U. and Soo................. ...... .... .... ......... 1068 
Two views each of three castg of the interior showing the variable nature of this 

shell. Stones River group, Beloit, Wisconsin. Collections of the University of 
Wisconsin, and of E. O. Ulrich. 

PLATYCERAS (?) DEPRESSUlII U. ami S ...... " . .. . .... .... .... .... .... .. .... .. ...... 1069 
Two views of the type of this species. It preserves the shell and was collected 

from the Ctenodonta bed of the Black River group, near Cannon Falls, Minne-
sota. 
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lJ'igs. 1 to 4 
1 
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3 and 4 

Fig. 5 

Figs. 6 to 9 
6 and 7 

8 and 9 

Figs. 10 to 13 
10 
11 

]2 

13 

Figs. 14 to 18 
14 
15 

]6 and 17 
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Fig. 19 

Figs. 20 to 26 
20 to 23 

24 to 26 

Figs. 27 to 29 
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PLATE LXII. 
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OARINAROPSIS CYMBULA Hall.... .... ........... .................................. 927 
Dorsal view of a specimen imperfect at the sides. 
Diagramatic longitudinal section. The dotterlline represents the outline of the 

lateral margins in a profile view. 
Two views of a broken specimen showing the internal septum. 

Upper part of Trenton group, near Danville, Kentucky. 

CARlNAROPSIS EXPLANATA Ulrich...................... .......................... 929 
Dorsal view of the imperfect type of this species. It is a cast of tbe interior. 

Upper part of Trenton group, Covington, Kentucky. 

CAlUNAROPSIS ACUTA U. and S. ,. .. .... .. .... .. .... . . . . .... .... ................... 928 
Dorsal and profile views of a cast of the interior of a young shell. Black River 

group, near Fountain, Minnesota. 
View of the interior of a very large example, and a diagramrpatic longitudinal 

section of the same. Black River group, near Cannon Falls, Minnesota. 

CARINAROPSIS CUNULM Hall.............................................. .... .... 927 
Dorsal view of an average shell. The margin restored from other specimens. 
Diagrammatic longitudinal section of same showing outer surface only of the 

operculum (at "0"). 
Another specimen showing a sharply defined dorsal band. 
Inner surface of original of figure 10, showing the septum and, above it. a triangu

lar plate which we regard as the operculum. 
Trenton group, Nashville, Tennessee. 

CARINAROPSIS PHALERA Sardeson.................. ...... .... .................. ... 928 
A cast of the interior of this species from the Otenodonta bed at St. Paul 
Diagrammatic longitudinal section. 
Interior and profile views of an imperfect shell. 
A specimen broken so as to show the inner surface of the septum. This, like the 

preceding, is from the Ctenodonta bed at Chatfield, Minnesota. 

OARINAROPSIS MINIMA U. and S .................................................. ·. 929 
Dorsal view of the type and only known specimen of this species. Black River 

group, Cannon Falls, Minnesota. 

CYRTOLITES (?) DILATATUS U. and S...... .... .......... .. ..... ................... 865 
Four views of a large cast of the interior, Beloit, Wisconsin. Collection of the 

University of Wisconsin. 
Three views of a smaller testiferous example, from the Ctenodonta bed of the 

Black River group, near Cannon Falls, Minnesota. 

CYl{TOLITES ORNA'l'US Conrad........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 860 
Lateral view of a large specimen preserving some of the shell. The surface orna

mentation is too delicate to be drawn of the natural size, and only a few of the 
transverse lines are represented in the figure to give an idea of their direction. 
Lorraine group, Cincinnati, Ohio. 

28 Small portion of the surface markings on the dorsal slopes of another specimen 
from the same locality, x10. 

29 Dorsum of a third example, from the same locality, x 4. 

Figs. 30 and 31 CYRTOLITES ORNATUS var. MINOR U. and S.... ............................ 861 
Lateral and dorsal views of a specimen of this variety, x2. Clitambonites bed of 

Figs. 32 to 37 
32 and 33 

34 
35 to 37 

Figs. 38 and 39 
38 

39 

the Trenton group, Cannon Falls, Minnesota. 

CYRTOLITES RETRORSUS Ulrich........... . . . . . . . . . . . . . . . . . . .. . . .. . .............. . 
Two views of a large silicified example showing the usual characters of the species. 

The backward sweep of the transverse markings on the dorsum and the small 
sutural fold are the prinCipal distinctive features when compared with O. OT/W

tus. Trenton group, Tennessee. 
Surface of a specimen from Kentucky, )(10. 
Three views, x2, of a smaller silicified shell. rrrenton group, Mercer county, 

Kentucky. 

CYRTOLITES RETRORSUS var. FILL~IORENSlS U. and S ............ ················· 
One of the largegt and best specimens of this variety seen. It is chiefly a cast of 

the interior. Black River group, near Fountain, Minnesota. 
The inner whorls of another speCimen from the same 10ca1ity magnified (x 10) to 

show their rounded sides and the ornamentation. 

861 

* 

* Unfortunately the description of this new spe,cles was pv,:,r.looked. Stl.!l, it is so well iJlust~ated that it seems hifghlY 
bnprobable t.hat anyone can fall to recognize it. Of Its peCUlIarItIes we mentIOn t~e s~rface marklllgs and the form a the 
dorsum which at the centel' is merely angular instead of sharply keeled. The speCIes. IS founded on severaispeClmens found 
by PrOf. J. M. Salford and kindly submitted by him to one of the authors for descriptIOn. 
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Fig. 19 

Figs. 20 to 26 
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CARINAROPSIS CYMBULA Hall.... .... ..... . 
Dorsal view of a specimen imperfect at the ·s·id·es· ........ ······ .. ···· ............ .. 

Diagramatic longitudinal section. Tbe dotterlline represents the outline of the 
lateral margins in a protlle view. 

Two views of a broken specimen showing the internal septum. 
Upper part of Trenton group, near Dan ville, Kentucky. 

CARlNAROPSIS EXPLANATA Ulrich ............................................... . 
Dorsal view of the imperfect type of this species. It is a cast of the interior. 

Upper part of Trenton group, Oovington, Kentucky. 

CARINAROPSIS ACUTA U. and S ..... ............................................. .. 
Dorsal and profile views of a cast of the interior of a young shell. Black River 

group, near Fountain, Minnesota. 
View of the interior of a very large example, and a diagraml]Jatic longitudinal 

section of the same. Black River group, ncar Oannon Falls, Minnesota. 

OARINAROPSIS CUNULM Hall .................................................... . 
Dorsal view of an average shell, The margin restored from other specimens. 
Diagrammatic longitudinal section of same sbowing outer surface only of the 

operculum (at "0"). 
Another specimen showing a sharply detlned dorsal band. 
Inner surface of original of figure 10, sbowing the septum and, above it, a triangu

lar plate which we regard as the operculum. 
Trenton group, Nashville, Tennessee. 

CARINAROPSIS PHALERA Sardeson ........... , .................................... . 
A cast of the interior of this species from tbe Otenodonta bed at St. Paul 
Diagrammatic longitudinal section. 
Interior and profile views of an imperfect shell. 
A specimen broken so as to sbow the inner surface of the septum. This, like the 

preceding, is from the Otenodonta bed at Obattleld, Minnesota. 

(JARINAROPSIS MINIMA U. and S ................................. ··· .......... ···· .. 
Dorsal view of the type and only known specimen of this species. mack River 

group, Cannon Falls, Minnesota. 

CYRTOLITES (?) DILATATUS U. and S ............................................ .. 
Four views of a large cast of the interior, Beloit, Wisconsin. Oollection of the 

University of Wisconsin. 
Three views of a smaller testiferous example, from the Otenodonta bed of the 

Black River group, nearOannon Falls, Minnesota. 

927 

929 

928 

927 

928 

929 

865 

CYl{TOLITES ORNATUS Oonrad........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 860 
Lateral view of a large specimen preserving some of the shell. The surface orna

mentation is too delicate to ba drawn of the natural size, and only a few of the 
transverse lines are represented in the figure to give an idea of their direction. 
Lorraine group, Oincinnati, Ohio. 

28 Small portion of the surface markings on the dorsal slopes of another specimen 
from the same locali ty, x 10. 

29 Dorsum of a third example, from the same locality, x4. 

Figs. 30 and 31 CYRTOLI'fES ORNATUS var. MINOR U. and S.... .. .................. ........ 861 
Lateral and dorsal views of a specimen of this variety, x2. Olitambonites bed of 

Figs. 32 to 37 
32 and 33 

34 
35 to 37 

Figs. 38 and 39 
38 

39 

the Trenton group, Oannon Falls, Minnesota. 

CYRTOLITES RETRORSUS Ulrich .............................. , . . .. . .............. . 
Two views of a large silicified example showing the usual characters of the species. 

The backward sweep of the transverse markings on the dorsum and the small 
sutural fold are the principal distinctive features when compared with O. orna· 
tUB. Trenton group, Tennessee. 

Surface of a specimen from Kentucky, xlO. 
Three views, x2, of a smaller silicified shell. Trenton group, Mercer county, 

Kentucky. 

OYRTOLITES RETRORSUS var. FILLMORENSIS U. and S ........... ·················· 
One of the largest and best specimens of this variety seen. It is chiefly a cast of 

the interior. Black River group, near Fountain, Minnesota. 
The inner whorls of another specimen from the same locality magoitled (xlO) to 

show their rounded sides and the ornamentation. 

861 

.. 

* Unfortunately the description of this new species was overlooked. Sti.I!, it is so well illust~ated tbatitseems higbly 
Improbable tbat anyone can fall to recognize it. Of its peculiarities we mentJOn t~e s~rface marlongs and tbe .form of the 
dorsum which at tbe center is merely angular instead of sbarply keeled, The spe~,es.,s founded on severa) specuuens found 
by Pruf. J. M. Safford and kindly submitted by bim to one of the authors for descriptIOn. 



Figs. 40 to 44 OYRTOLITES SUBPLANUS Ulrich .................................................. .. 
PAGE. 

862 
40 and 41 Two views of an incomplete shell, preserving the surface ornamentation. 

42 and 43 

44 

Trenton group, Nashville, Tennessee. 

Parts of the dorsal slopes of same, x4 and x2, showing the strong transverse lines 
and weak pittings characterizing the species. 

Lateral view of a smaller but more complete example, with the surface markings 
indi!)tinctj from the same locality. 

Figs. 45 to 47 OYRTOLITES P ARVUS Ulrich....... .. .. .. .. .. .. . .. . .. .. . . . .. . .... .. . .. .. .. . . .. . .. .. . 864 
Three views of the type of this species, two of the natural size, the third x2. 

Utica group, COVington, Kentucky. 

Figs. 48 and 4!J OYRTOLTTES DISJUNCTUS U. and S ................................ " .... .... ....... 864 
Two views of a very perfect example of this species. The surface is ornamented 

almost exactly as in C. ornatu8, so that figures 28 and 29 of this plate will serve 
equally well for both species. 

Figs. 50 to 52 CYRTOLITES CARINATUS Miller.................. ........ ...... ...... . ..... .... .... 862 
Three views of a small but characteristic specimen of this species, x2. Utica 

group, Newport, Kentucky. 

Figs. 53 to 55 

Figs. 56 to 61 
56 and 57 

58 
59 to 61 

OYRTOLU'INA NITIDULA 'Ulrich ................................................... . 
Three views, the first of the natural size, the others x2, of one of the original 

types. The speCimen is a cast of the interior but the shell was so thin that it 
preserves a distinct imprint of the surface markings. Upper part of Trenton 
group, Oovington, Kentucky. 

BUCANOPSIS CARINIFERA Ulrich .................................................. . 
Dorsal and lateral views of a large specimen. 
Apertural view of the largest example seen. 
Three views of a third shell, this being of the usual size and proportions. 

Trenton group, near Danville, Kentucky. 

866 

925 

Figs. 62 to 65 OXYDISCUS SUBACUTUS Ulrich.... . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . .. . . . . . . 913 

62 and 63 

64 
65 

(See also plate LXXXII) 

Apertural and lateral views of a nearly perfect example of tbis species. The slit 
portion of the dorsum is broken in the speCimen but has been restored in the 
figures. 

Transverse section of a whorl, showing thickness of shell. 
Lateral view of the remains of the largest of twenty-three specimens. All the 

specimens are from the upper part of the Trenton group near Danville, Ken
tucky. The figures are Slightly magnified (about one and one-sixth). 

Fig. 66 OONRADELLA FIMBRIATA U. and S................... ................ .... ......... 907 
(See also plate LXVII.) 

Vertical section showing transverse sections of all the whorls and portions of 
former apertural expansions about two of the inner turns. 

Fig. 67 OONRADELLA GRANDIS Ulrich..................................................... 908 
Transverse section of the last whorl of specimen figured on plate LXVII. 

Fig. 68 HELICOTOMA UMBILICATA U. and S ..... 1034 
(See also plate LXXIV.) 

Transverse section of the whorls of a specimen from the Stones River group at 
Dixon, Illinois. . 

Fig. 69 HELICOTOMA VERTICALIS Ulrich ............................................. " .. " 1035 
Transverse section of the last whorl of the specimen figured on plate LXXIV. 

Fig. 70 ECCYLIOPTERUS BELOITENSIS U. and S ...................... " .................... 1032 
(See also plate LXXIV.) 

Transverse section of whorl. 

Figs. 71 and 72 ECCYLIOPTERUS VOLUTATUS Whitfield Bp.... ..................................... 1031 

Fig. 

(See also plate LXXIV.) 

Transverse section of the last whorl of two speCimens, one with the shell, the 
other an internal cast only. 

73 ECCYLIOPTERUS TRIANGULUS Whitfield sp ............ . 
(See also plate LXXrv.) 

Transverse section of the outer wborl of a cast. 

]031 . 

Figs. 40 to 44 
40 and 41 

42 and 43 

44 

PAGE. 
CYRTOLITES SUBPLANUS Ulrich.................................................... 862 

Two views of an incomplete shell, preserving the surface ornamentation. 
Trenton group, Nashville, Tennessee. 

Parts of the dorsal slopes of same, x4 and x2, showing the strong transverse lines 
and weak pittings characterizing the species. 

Lateral view of a smaller but more complete example, with the surface markings 
indistinct; from the same locality. 

Figs. 45 to 47 CYRTOLITES PARVUS Ulrich....................... ................................. 864 
Three views of the type of this species, two of the natural size, the third x2. 

Utica group, Covington, Kentucky. 

Figs. 48 and 4U CYRTOLTTES DISJUNCTUS U. and S.... ............................................. 864 
Two views of a very perfect example of this species. The surface is ornamented 

almost exactly as in C. ornatus, so tbat figures 28 and 29 of this plate will serve 
eq ually well for both species. 

Figs. 50 to 52 CYRTOLITES CARINATUS Miller.................. .... .... .. .... ...... ............. 862 

Figs. 53 to 55 

Figs. 56 to 61 
56 and 57 

58 
59 to 61 

Tbree views of a small but characteristic specimen of this species, X2. Utica 
group, Newport, Kentucky. 

CYRTOLU'INA NITIDULA 'Ulrich ................................................... . 
Tbree views, the first of tbe natural size, the others x2, of one of the original 

types. The specimen is a cast of the interior but the shell was so thin that it 
preserves a disti nct imprint of the surface markings. Upper part of Trenton 
group, Covington, Kentucky. 

BUCANOPSIS CARINTFERA Ulrich .................................................. . 
Dorsal and lateral views of a large specimen. 
Apertural view of the largest example seen. 
Three views of a third shell, this being of the usual size and proportions. 

Trenton group, near Danville, Kentucky. 

866 
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Figs. 62 to 65 OXYDISCUS SUBACUTUS Ulrich.......... ........................................... 9]3 

62 and 63 

64 
65 

(Bee a Iso plate LXXXII) 

Apertural and lateral views of a nearly perfect example of this species. The slit 
portion of the dorsum is broken in the specimen but bas been restored in the 
figures. 

Transverse section of a whorl, showing thickness of shell. 
Lateral view of the remains of the largest of twenty-three specimens. All the 

specimens are from the upper part of the Trenton group near Danville, Ken
tucky. The figures are slightly magnified (about one and one-Sixth). 

Fig. 66 CONRADELLA FIMBRIATA U. and S....................................... ......... 907 
(See also plate LXVII.) 

Vertical section showing transverse sections of all the whorls and portions of 
former apertural expansions about two of the inner turns. 

Fig. 67 CONRADELLA GRANDIS Ulrich..................................................... 908 
Transverse section of the last whorl of speCimen figured on plate LXVII. 

Fig. 68 HELICOTOMA UMBILICATA U. and S ..... 1034 
(See also plate LXXIV.) 

Transverse section of the whorls of a specimen from the Stones River group at 
Dixon, Illinois. -

Fig. 69 HELICOTOMA VERTICALIS Ulrich.... . . .. .. . . .. .. .. .. .. . .. . . . .. .. . . .. .. . . .. .. . .. . . .. 1035 
Transverse section of the last whorl of the specimen figured on plate LXXIV. 

Fig. 70 ECCYLIOPTERUS BELOITENSIS U. and S ............ ................................ 1032 

Figs. 71 and 72 

(See also plate LXXIV.) 

Transverse section of whorl. 

ECCYLIOPTERUS VOL UTATUS Whitfield 8p .... 
(See also plate LXXIV.) 

Transverse section of the last whorl of two 
other an internal cast only. 

specimens, one with the shell, the 

Fig. 73 ECCYLIOPTERUS TRIANGULUS Whitfield sp ............ . 
(See also plate LXXrv.) 

Transverse section of the outer Whorl of a cast. 

103t 
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PROTOWAHTHIA CANCELLATA Hall sp... ............. ............... ............. 872 

Two views of a large cast of the interior, retaining a little of the shell in the 
umbilicus and having several strong wrinkles of growth near the aperture. 
Ctenodonta bed of the Black River group, West St. Paul, Minnesota. 

Apertural view of a shell having the mouth less expanded than usual. Ctenodonta 
bed, Goodhue county, Minnesota. . 

Three views of an entire shell, representing an average for the species in size and 
proportions. Ctenodonta bed, Chatfield, Minnesota. 

Two views ()f a rather small cast of the interior from tbe Clitambonites bed of 
the Trenton gronp in Goodhue county. This i'l a fair sample of the species as 
it occurs in this bed. 

Surface of a specimen from the Utica group at COVington, Kentucky, x4.5 and x9. 
In certain lights the longitudinal lines look more like a series of minute gran
ules. The right side of tbe figure corresponds very nearly with the center of 
the dnus. These fine markings are but rarely preserved on Minnesota speci
mens. 

Outline, in a dorsa-lateral view, of left lobe of outer lip of an average example of 
the species from Covington, Kentucky. 

Outline of sinus, lobes and dorsum of same, viewed from above. 
Outline of same specimen in a view from below. 
Surface of left lohe of outer lip, x4.5, and a dorsal view of a more globose and 

more delicately marked variety, occurring in the Utica group at Covington, 
Kentucky. 

PIWTOWARTHIA RECTANGULARIS U. and S ....................................... 868 
Lateral view of a very large specimen-a partial cast of the interior-from the 

Stones River group. at Min~ral Point, Wisconsin. ' 
Lateral and basal views of a cast having the central part of the back unusually 

prominent and marked with wrinkles of growth. Beloit, Wisconsin. 
17 Dorsal view of an average cast of the interior. Beloit, Wisconsin. 
19 Outline of right lobe of outer lip of same. 
20 Outline of sinus, lobes and dorsum of same viewed from above. 

Figs. 21 to 27 PROTOWARTHIA PEHVOLUTA U. and S........... .................................. 871 
21 Basal view of an incomplete shell showing the graDulose expansion which spreads 

22, 24 and 2:5 

23 
26 and 27 

Figs. 28 to 30 
28 

29 and 30 

Figs. 31 to ·35 
31 and 32 

33 
:34 

35 

Figs. 36 to 39 

Figs. 40 to 44 
40 to 43 

44 

Figs. 45 to 47 
45 and 46 

47 

Figs. 48 and 49 

Flgs. 50 and 51 

50 

51 

from the aperture over the sides and back of the lower part of the shell. Black 
River gr(JUp (Ctenodonta bed), St. Paul, Minnesota. 

Apertural and lateral views of a small but well preserved shell of the natural 
size, and the lateral view X2, showing the granulose layer spreading over the 
basal or inner half of the last whorl and the grano-lineate extensions curving 
around the umbilical callosity. Black River group, Chatfield, Minnesota. 

Transverse section of the outer whorl of a cast. 
Two views of an unusually large cast of the interior from the Black River group 

of Mercer county, Kentucky. 
PROTOWARTHIA GRANISTRIATA Ulrich....................... ..................... 870 

Dorsal view of an average example of this species. Utica group, COVington, Ken
tucky. 

Apertural and lateral views of another specimen, from the same locality, showing 
the form of the mouth and the extent of the grano-striate expansion. 

PROTOW ARTHIA PLANODORSA'l'A Ulrich.................. ........................ 871 
Dorsal and lateral views of a specimen that has evidently suffered Slightly from 

lateral compression. 
Outline of same in a basal view. Utica group, Covington, Kentucky. 
Dorsal view of another example, from the same locality, showing normal propor

tions. 
Outline, as seen in a basal view, of another specimen from Covington, agreeing in 

all respects with other specimens of this species except that it is too wide. 
PROTOWARTHIA CONCINNA U. and S .............................................. . 

Four views of the type of this species. Richmond group, Spring Valley, Minn
esota. 

PROTOW ARTHIA SUBCOll1PRESSA Ulrich ........................................... . 
Four views of the best specimen seen. It preserves the two inner layers of shell 

only and these even are absent in the upper part of the dorsum where the 
internal cast is exposed. Richmond group, Versailles, Indiana. 

Part of the surface of a smaller specimen showing the great wirHh of the sinus 
and the relative narrowness of the lateral lobes. Butler county, Ohio. 

PROTOW ARTHIA ODESA Ulrich...................... ......... . .................. . 
Dorsal and lateral views of a good but rather small cast of the interior, showing 

a strong terminal constriction and several of minor depth farther down. Lower 
part of Trenton group, Danville, Kentucky. 

View from above of another specimen showing one of the constrrfjtions and lines 
of growth beyond it. Mercer county, Kentucky. 

BUCANIA SIMULATRIX Ulrich .................................................... . 
(See also plate LXVII.) 

Dorsal and upper views of a good cast of the interior, showing, among other fea
tures of the species, the deep sinus and long slit. Richmond group, Richmond, 
Indiana. 

BELLEROPHON CAPAX Ulrich................ . . . .. . .............................. . 
(See also plate LXIV.) 

A specimen preserved in soft shale, from the upper part of the Ut,ica group at Cin
cinnati, Ohio. The hight of this specimen has been considerably reduced by 
pressure, but it serves very well in showing the expansion of the aperture, the 
o';nus and the surface markings. 

ApertU!llJ view of a specimen from the Lorraine group at Covington, Kentucky, 
that IS largely covered by an incrusting bryozoan. The ouWna and thickness' 
of the latter is inrlicated by the irregular line about the lower part of the figure. 
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PROTOWAl{THIA CANOELLATA Hall sp... ............................ ............. 872 

Two views of a large cast of the interior, retaining a little of the shell in the 
umbilicus and having several strong wrinkles of growth near the aperture. 
Ctenodonta bed of the Black River group, West St. Paul, Minnesota. 

Apertural view of a shell having the mouth less expanded than usual. Otenodonta 
bed, Goodhue county, Minnesota. . 

Three views of an entire shell, representing an average for the species in size and 
proportions. Otenodonta bed, Ohatfield, Minnesota. 

Two views of a rather small cast of the interior from the Olitambonites bed of 
the Trenton group in Goodhue county. This i, a fair sample of the species as 
it occurs in this bed. 

Surface of a specimen from the Utica group at Oovington, Kentucky, x4.5 and x9. 
In certain lights the longitudinal lines look more like a series of minute gran
ules. The rif{ht side of the figure corresponds very nearly with the center of 
the ;.inus. These fine markings are but rarely preserved on Minnesota speci
mens. 

Outline, in a dorso-lateral view, of left lobe of outer lip of an average example of 
the species from Oovington, Kentucky. 

Outline of sinus, lobes and dorsum of same, viewed from above. 
Outline of same specimen in a view from below. 
Surface of left lobe of outer lip, x4.5, and a dorsal view of a more globose and 

more delicately marked variety, occurring in the Utica group at Oovington, 
Kentucky. 

Pl{OTOWAl{THIA l{ECTANGULAmS U. and S .... ........... ............ ............ 868 
Lateral view of a very large specimen-a partial cast of the interior-from the 

Stones River group. at Minp,ral Point, Wisconsin. ' 
Lateral and basal views of a cast having the central part of the back unusually 

prominent and marked with wrinkles of growth. Beloit, Wisconsin. 
17 Dorsal view of an average cast of the interior. Beloit, Wisconsin. 
HJ Outline of right lobe of outer lip of same. 
20 Outline of sinus, lobes and dorsum of same viewed from above. 

Figs. 21 to 27 PROTOWAl{THIA PERVOLUTA U. and S........... .................................. 871 
21 Basal view of an incomplete shell showing the granulose expansion which spreads 

22, 24 and 25 

23 
26 and 27 

Figs. 28 to 30 
28 

29 and 30 

Figs. 31 to ·35 
:31 and 32 

33 
:34 

35 

Figs. 36 to 39 

Figs. 40 to 44 
40 to 43 

44 

Figs. 45 to 47 
45 and 46 

47 

Figs. 48 and 49 

Figs. 50 and 51 

50 

51 

from the aperture over the sides and back of the lower part of the shell. Black 
River gr'JUp (Otenodonta bed), St. Paul, Minnesota. 

Apertural and lateral views of a small but well preserved shell of the natural 
size, and the lateral view X2, showing the granulose layer spreading over the 
basal or inner half of the last whorl and the grano-lineate extensions curving 
around the umbilical callosity. Black River group, Chatfield, Minnesota. 

Tran8verse section of the outer whorl of a cast. 
Two views of an unusually large cast of the interior from the Black River group 

of Mercer county, Kentucky. 
PROTOWARTHIA GRANISTRIATA Ulrich....................... ............. ........ 870 

Dorsal view of an average example of this species. Utica group, Oovington, Ken
tucky. 

Apertural and lateral views of another specimen, from the same locality, showing 
the form of the mouth and the extent of the grano-striate expansion. 

PROTOW ARTHIA PLANODOl{SATA Ulrich.................. ........................ 871 
Dorsal and lateral views of a specimen that has evidently suffered slightly from 

lateral compression. 
Outline of same in a basal view. Utica group, Oovington, Kentucky. 
Dorsal view of another example, from the same locality, showing normal propor

tions. 
Outline, as seen in a basal view, of another specimen from Oovington, agreeing in 

all respects with other specimens of this species except that it is too wide. 
PROTOWARTHIA OONOINNA U. and S.... ... ... ...... .............. ...... ........... 874 

Four views of the type of this species. Richmond group, Spring Valley, Minn
esota. 

PROTOW ARTHIA SUBCOJ\1PRESSA Ulrich ........................................... . 
Fuur views of the best specimen seen. It preserves the two inner layers of shell 

only and these even are absent in the upper part of the dorsum where the 
internal cast i8 exposed. Richmond group, Versailles, Indiana. 

Part of the surface of a smaller specimen showing the grflat wirUh of the sinus 
and the relative narrowness of the lateral lobes. Butler county, Ohio. 

PROTOWARTHIA OBESA Ulrich...................... ......... .. ................ .. 
Dorsal and lateral views of a good but rather small cast of the interior, showing 

a strong terminal constriction and several of minor depth farther down. Lower 
part of Trenton group, Danville, Kentucky. _ 

View from above of another specimen showing one of the constnctions and lines 
of growth be.yond it. Mercer county, Kentucky. 

BUCANIA SIMLJLATRIX Ulrich .................................................... . 
(See also plate LXVII.) 

Dorsal and upper views of a good cast of the interior, showing, among other fea
tures of the species, the deep sinus and long slit. Richmond group, Richmond, 
Indiana. 

BELLEROPHON OAPAX Ulrich .................................................... . 
(See also plate LXIV.) 

A specimen preserved in soft shale, from the upper part of the Ut,ica group at Cin
cinnati, Ohio. The hight of this specimen has been considerably reduced by 
pressure, but it serves very well in showing the expansion of the aperture, the 
:"'nus and the surface markings. 

Apertural view of a specimen from the Lorraine group at Covington, Kentucky, 
that is largely covered by an incrusting bryozoan. The outlin;) and thickness' 
of the latter is indicated by the irregular line about the lower part of the figure. 
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PLATE LXIV. 
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Figs. 1 to 
1 to 

5 BELLERoPHoN TROOSTI (D'Orbigny) i::lafford.......... ................ .... .......... \l15 
3 Three views of a nearly entire example from the Trenton group near Nashville, 

Fig. 
4 and 5 

6 

Figs. 7 to 10 
7 and 8 

9 
10 

Figs. 11 to 13 
11 

12 and 13 

Figs. 14 to 16 

Figs. 17 and 18 

Figs. 19 to 21 

Figs. 22 to 30 
22 and 23 

24 and 25 

26 

27 to 29 

30 

Figs. 31 to 39 
31 

32 and 33 

34 to 36, 

37 

38 

39 

Figs. 40 to 43 

40 and 41 

42 
43 

Figs. 44 and 45 
44 

45 

Figs. 46 to 49 
46 and 47 

48 
49 

Tennessee. 
Two views of a specimen from Danville, Kentucky. 

BELLEROPHON TROOSTI var. BURGlNENSIS Ulrich........ .... .... .... .. .... ....... 916 
Lateral view showing larger umbilicus and le8ser reflection of .the lower part of 

the lip than occurs in typical B. troosti. Trenton group, BurgIll, Kentucky. 
BELLEIWPHON CLAUSUS Ulrich.......... .......................................... 916 

Apertural and lateral views of a silicified shell showing the closed umbiliCi, 
strongly reflected and deeply excavated lower lip, the lunulre on the slit-band, 
sharr. and subequal transverse markings, and oth~r peculiarities of the species 
when compared with B. troosti. Trenton group, mIddle Tennessee. ' 

Dorsal view of a smaller specimen from the Trenton at Frankfort, Kentucky. 
Portion of the back of the Tennessee specimen, x2. 

BELLEROPHON RECURVUS Ulrich ............................... · .. ··.· .. · ... ·..... 920 
Dorsal view of a small specimen, probably of this species. 
Lateral and dorsal views of the type, showing the marked backward sweep of the 

lines of growth on the back, with a round:d dorsal ridg~ as in ~. troosti, and 
the lip reflected over and completely closlDg the umbilIcus as III B. clausus. 
Lorraine group, Oincinnati, Ohio. 

BELLEROPHON SUBANGULARIS Ulrich ........................... ·.................. 920 
'Three views of a specimen preserving much of the shell and surface markings. In 

figure 14 the mouth is turned forward a little more than usual to show the hight 
of the dorsal carina. Richmond, Indiana. 

BELLEROPHON SUBGLOBULUS Ulrich............................................... 917 
Dorsal and lateral views of a silicified shell. Black River group, Mercer county, 

Kentucky. 
BELLEROPHON BILINEATUS Ulrich................................................. 917 

Three views of a silicified shell showing, of features characterizing the species, 
the open umbilicus and the concave slit-band with its distinctly elevated bor-
dering lines. Upper part of Trenton group, Danville, Kentucky. , 

BELLEROPHON PLATYSTOMA Meek and Worthen................................... 918 
Dorsal and lateral views of a small cast of the interior with the lateral expansions 

of the aperture broken away. Fusispira bed of the -Trenton group, Oannon 
Falls, Minnesota. 

Two views of a similariy imperfect cast. This specimen was received from Prof. 
Worthen, who collected it frem the Trenton (Ga'ena) limestone at Dixon, 
Illinois 

An imperfect cast of the exterior preserving some of the surface markings. Cli
tambonites bed, Trenton group, Goodhue county, Minnesota. Geological and 
Natural History Survey of Minnesota, Museum Register No. 6765. The dorsal 
keel is quite prominent in this specimen and the slopes on each side distinctly 
concave. 

Three views of another specimen, from the same horizon as the preceding, 
retaining part of one side of the outer lip. 

Transverse section of whorl of original of figure 25, the inner line corresponds 
to the point marked" S" on that figure, the outer represents the section just 
within the apertural slit. 

BELLEROPHON snIILlS U. and S................................................... 919 
Transverse section of whorl. Oompare with figure 30. 
Lateral and basal views of two small imperfect casts of the exterior, showing dis

tinct impressions of the external lines of growth. Fusispira bed, Trenton group, 
Cannon Falls and Wykoff, Minnesota. 

Three views of a nearly perfect and large cast of the interior; from the same 
locality. 

Dorsal view of another large specimen from the locality last mentioned. On 
the outer parts of this specimen the regular lines of growth ,are quite distinct, 
while on the left side several broad longitudinal folds are somewhat obscurely 
visible. 

Part of the dorsum of another specimen showing the prominent dorsal ridge and 
the lines of growth curving backward to it. 

View of the aperture of a small example retaining a portion of the inner lip. 
Olitambonites bed, Trenton group, Oannon Falls, Minnesota. 

BELLEROPHON CAP AX Ulrich.................. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .... 921 
(See also plate LX=.) 

Two views of a large cast of the interior, imperfect at the aperture. Lorraine 
group, Oovington, Kentucky. 

Lateral view of a smaller cast from the same locality. 
Transverse section of whorl of this and the followi[]g species. The sections are 

taken from casts of the interior, the inner line representing the ventral side of 
the whorl in B. mohri, the lower that of B. capax. As shown by the outlines, 
the surface descends into the umbilicus much more abruptly in the former than 
in the latter. 

BELLEROPHON MOHRI Miller ................................. -.... : ............... . 
Lateral view of a large cast, imperfect at the aperture. Richmond, Indiana. 

(Oompare with figures 41 and 42, and refer to explanation of figure 43.) 
Apertural view of a testiferous example for comparison with figure 51 on plate 

LXIII. 
KOKENIA COSTALIS U. and S ...................................................... . 

Lateral and dorsal views, the inner whorls restored, of the type of this genus and 
species. Olitambonites bed, Trento1 group, Oannon Falls, Minnesota. 

TraD;sverse sections of the last whorl. The lower side of the figure is the dors!j.l. 
PortIOn of the broad dorsal band and of the right slope, x3. 
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Figs. 1 to 
1 to 

5 BELLEROPHON TROOSTI (D'Orbigny) i::lafl'ord.......... ................ .... .......... 1)15 
3 Three views of a nearly entire example from the Trenton group near Nashville, 

Fig. 
4 and 5 

6 

Figs. 7 to 10 
7 and 8 

9 
10 

Figs. 11 to 13 
11 

12 and 13 

Figs. 14 to 16 

Figs. 17 and 18 

Figs. 19 to 21 

Figs. 22 to 30 
22 and 23 

~4 and 25 

~7 to 29 

30 

Figs. 31 to 39 
31 

32 and 33 

34 to 36, 

37 

38 

39 

Figs. 40 to 43 

40 and 41 

42 
43 

Figs. 4! and 45 
44 

45 

Figs. 46 to 49 
46 and 47 

48 
49 

Tennessee. 
Two views of a specimen from Danville, Kentucky. 

BELLEROPHON TROOSTI var. BURGINENSIS Ulrich........ .... .... .•.. .. .... ....... 916 
Lateral view showing larger umbilicus and le8ser reflection of .the lower part of 

the lip than occurs in typical B. troosti. Trenton group, Burglll, Kentucky. 
BELLEIWPHON CLAUSUS Ulrich.......... .......................................... 916 

Apertural and lateral views of a silicified shell showing the closed umbiliCi, 
strongly reflected and deeply excavated lower lip, the lunulre on the slit-band, 
sharr. and subequal transverse markings, and oth~r peculiarities of the species 
when compared with B. troosti. Trenton group, mIddle Tennessee. ' 

Dorsal view of a smaller specimen from the Trenton at Frankfort, Kentucky. 
Portion of the back of the Tennessee specimen, x2. 

BELLEROPHON RECURVUS Ulrich ............................... · .. ··.· .. · ... ·..... 920 
Dorsal view of a small specimen, probably of this species. 
Lateral and dorsal views of the type, showing the marked backward sweep of the 

lines of growth on the back, with a rounded dorsal ridge as in B. troosti, and 
the lip reflected over and completely closing the umbilicus as in B. clausus. 
Lorraine group, Oincinnati, Ohio. 

BELLEROPHON SUBANGULARIS Ulrich.............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 920 
'Three views of a specimen preserving much of the shell and surface markings. In 

figure 14 the mouth is turned forward a little more than usual to show the hight 
of the dorsal carina. Richmond, Indiana. 

BELLEROPHON SUBGLOBULUS Ulrich............................................... 917 
Dorsal and lateral views of a silicified shell. Black River group, Mercer county, 

Kentucky. 
BELLEROPHON BILINEATUS Ulrich................................................. 917 

Three views of a silicified shell showing, of features characterizing the species, 
the open umbilicus and the concave slit-band with its distinctly elevated bor
dering lines. Upper part of Trenton group, Danville, Kentucky. 

BELLEROPHON PLATYSTOMA Meek and Worthen................................... 918 
Dorsal and lateral views of a small cast of the interior with the lateral expansions 

of the aperture broken away. Fusispira bed of the -Trenton group, Oannon 
Falls, Minnesota. 

Two views of a similariy imperfect cast. This specimen was received from Prof. 
Worthen, who collected it frem the Trenton (Ga'ena) limestone at Dixon, 
Illinois 

An imperfect cast of the exterior preserving some of the surface markings. Oli
tambonites bed, Trenton group, Goodhue county, Minnesota. Geological and 
Natural History Survey of Minnesota, Museum Register No. 6765. The dorsal 
keel is quite prominent in this specimen and the slopes on each side distinctly 
concave. 

Three views of another specimen, from the same horizon as the preceding, 
retaining part of one side of the outer lip. 

Transverse sectioll of whorl of original of figure 25, the inner line corresponds 
to the point marked" S" on that figure, the outer represents the section just 
within the apertural slit. 

BELLEROPHON SIMILIS U. and S................................................... 919 
Transverse section of whorl. Oompare with figure 30. 
Lateral and basal views of twu small imperfect casts of the exterior, showing dis

tinct impressions of the external lines of growth. Fusispira bed, Trenton group, 
Canllon Falls and Wykoff, Minnesota. 

Three views of a nearly perfect and large cast of the interior; from the same 
locality. 

Dorsal view of another large specimen from the locality last mentioned. On 
the outer parts of this specimen the regular Jines of growth ,are quite distinct, 
while on the left side several broad longitudinal folds are somewhat obscurely 
visible. 

Part of the dorsum of another specimen showing the prominent dorsal ridge and 
the lines of growth curving backward to it. 

View of the aperture of a small example retaining a portion of the inner lip. 
Olitambonites bed, Trenton group, Oannon Falls, Minnesota. 

BELLEROPHON CAPAX Ulrich...................................................... 921 
(See also plate LX=.) 

Two views of a large cast of the interior, imperfect at the aperture. Lorraine 
group, Oovington, Kentucky. 

Lateral view of a smaller cast from the same locality. 
Transverse section of whorl of this and the followiDg species. The sections are 

taken from casts of the interior, the inner line representing the ventral side of 
the whorl in B. rnohl'i, the lower that of B. capax. As shown by the outlines, 
the surface descends into the umbilicus much more abruptly in the former than 
in the latter. 

BELLEROPHON MOHRI Miller ................................. - .... : ............... . 
Lateral view of a large cast, imperfect at the aperture. Richmond, Indiana. 

(Oompare with figures 41 and 42, and refer to explanation of figure 43.) 
Apertural view of a testiferous example for comparison with figure 51 on plate 

LXIII. 
KOKENIA COSTALIS U. and S ...................................................... . 

Later~l and dorsal views, the inner whorls restored, of the type of this genus and 
speCIes. Olitambonites bed, Trent01 g-roup, Oannon Falls, Minnesota. 

Tra~sverse sections of the last whorl. The lower side of the figure is the dors!ll. 
PortIOn of the broad dorsal band and of the right slope, x3. 
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Figs. 1 and 2 

Figs. 3 to 9 
3 and 4 

5 and 6 
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Figs. 10 to 18 
10 and 11 
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13 and 14 
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17 
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Figs. 19 to 23 
19 and 20 
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Figs. 24 and 25 
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Figs. 26 to 29 
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PAGl!l; 
TETRANOTA MACRA U. and S........ ...... ...... ............ ...... .... .... ........ 879 

Dorsal and lateral views of the type of this species. Stones River grolip, Minne
apolis Minnesota. The specimen is a good cast of the interior and shows the 
expanded mouth, the peculiarly lean appearance and strongly ribbed charac
ter of the fossil. 

TETRANOTA SEXCARINATA U. and S ................................................ 878 
Two views of an excellent specimen from the Fusispira bed at Wykoff, Minne-

sota. Though a cast of the interior, the surfac.e markings are.clearly indica~ed. 
Dorsal and lateral views of a cast of an early varIety of the speCIes. Stones RIver 

group, Minneapolis, Minnesota. 
Sectional view of preceding specimen. 
Section of a whorl of a specimen from the Stones River group, at Dixon, Illinois. 
Section of whorl of Wykoff specimen. 

TETRANOTA BIDORSATA Hall sp.................................................... 877 
Two views of a large cast from the lower part of the Fusispira bed near Cannon 

Falls, Minnesota. This specimen evidently has been somewhat com;pressed 
laterally. '. 

Another cast tilted forward slightly to show the hight of the central rIdge. 
Olitambunites bed, Goodhue county, Minnesota. Geological and Natural His
tory Survey of Minnesota, Museum Register, No. 7382. 

Two views of a specimen with the apertural parts broken away. Olitambonites 
bed. 

Another specimen from the Olitambonites bed preserving the apertural margin 
with some of the surface markings on one side. 

Surface marJcings of same. x3 and x5. . 
Ventral side of fragment of outer volution showing transverse section of same 

below and four grooves produced by the dorsal ridges of the preceding whorl. 
Clitambonites bed. 

Dorsal view of a small specimen. The majority of the specimens seen from 
the Olitambonites bed range in size between this and figure 13. 

TETRANOTA OBSOLETA U. and S .. ~..... ...... ........ .... ........ .................. 880 
Dorsal and apertural views of a testiferous example on which the slit-band has 

remained concave throughout the growth of the shell. Cteuodonta bed, Chat-
field, Minnesota. . 

Three views of the specimen which we regard as the type of the species. Though 
retaining the shell, we have failed to discover any remains of surface markings. 
Otenodonta bed, Goodhue county, Minnesota. 

TETRANOTA, sp. undet.... ........ ................................................ 880 
Dorsal view of a good cast of the interior from the Utica gruup at CinCinnati, 

Ohio. This specimen may represent a later variety of T. bid01'sata Hall, but in 
the obsolesence of the latero-dorsal ridges, as ·may be seen from the basal out
line, it agrees more closely with T. obsoleta. 

Dorsal view of a cast of the interior of an undescribed species of this genus. 
Stunes River group, Minneapolis, Minnesota. The ridges in this I:lpecies, of 
which our material is not sufficient to warrant us in giving it a name, are 
unusually obscure. 

TETRANOTA WISCONSINENSIS Whitfield sp...... .... . . . . .... .... .... ........ ....... 881 
Dorsal view of a large anil nearly perfect cast of the interior. Stones River group, 

Beloit, Wisconsin. Oollection, University of Wisconsin. 
View of same with the smaller volutions removed, showing the ventral side of 

the outer whorl with the four furrows which are always found here in species 
uf Tetranota. 

Lateral view of same. 
Dorsal view of a very small specimen supposed to be the young of this species. 

Minneapolis, Minnesota. 
Fig. 30 SCHIZOLOPHA TEXTILIS Ulrich ............................. _ . . . . . . .... . . . . . . . . . . . 992 

A specimen showing the slit in the outer lip and preserving some of the delicate 
surface markings. The enlargement of the latter (x2) represents part of the 
upper third of the last whorl to the suture line and above this the slit-band of 

Figs. 31 to 37 
31 and 32 

33 

34 

35 

36 

37 

Figs. 38 to 40 
38 and 39 

40 
:Figs. 41 to 44 

the preceding whorl. Upper part of Trenton group, Nashville, Tennessee. 
SCHIZOLOPHA MGOREI Ulrich ......... -........ .......... .... ............ ........... 992 

Two views of a nearly perfect cast of the interior of the typical form of this species 
showing the slit, the great prominence of the carina on the last whorl, the 
umbiliCUS, and other characteristic features. Richmond group, Richmond, 
Indiana. 

Gutta percha impression from a natural mold of the exterior, showing the coarse 
surface markings. Richmond, Indiana. 

Outer third of the last whorl of a specimen overgrown by a species of Protarea, 
which originally covered all of tbe exterior of the shell excepting the slit in the 
aperture. Locality, same as preceding. 

Transverse section of the last whorl of a cast from the same horizon and locality. 
The small indentation on the umbilical side (left side of figure) is characteristic 
for the typical form of the species. 

Transverse section of the last whorl of a small variety occurring in the Lorraine 
grou~ at Oincin,?-ati, Ohio. In casts of this form the peripheral angle is less 
promment than In the typical form, and there is no indentation on the umbil
ical side. (Oompare with figure 35.) 

Verti~al section of an unusually high. testiferous example of the Cincinnati 
varIety. ' 

LOPHOSPIRA (?) KNOXVILLENSIS Ulrich .............. '" . .. .. . . . . . .. .. . .. .. .. . .. .. . 989 - ,-
Umbilical ~nd .apertural views of a specimen showing the general form of the 

shell, which IS much as in Trochonema, with the distinct peripheral band of a 
!-ophospira. K,?-~xville, Tennessee. (? Chazy group.) 

Vlew of "the umbiltcal side of another specimen from the saine locality. 
LOFPHOSP!RA? TROCHONEMOIDES Ulrich............................................ 990 

our VIews of the type of this species. . 
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Figs. 3 to 9 
3 and 4 

5 and 6 
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Figs. 10 to 18 
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Figs. 19 to 23 
19 and 20 
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TETRANOTA MACRA U. and S.................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 879 
Dorsal and lateral views of the type of this species. Stones River grolip, Minne

apolis Min nesota. The specimen is a good cast of the interior and shows the 
expanded mouth, the peculiarly lean appearance and strongly ribbed charac
ter of the fossil. 

TETRANOTA SEXCAIUNATA U. and S............................................... 878 
Two views of an excellent specimen from the Fusispira bed at Wykoff, Minne-

soLa. Though a cast of the interior, the surf:iLce markings are clearly indicated. 
Dorsal and lateral views of a cast of an early variety of the species. Stones River 

group, Minneapolis, Minnesota. 
Sectional view of preceding specimen. 
Section of a whorl of a specimen from the Stones River group, at Dixon, Illinois. 
Section of whorl of Wykoff specimen. 

TETRANOTA BIDORSATA Hall sp...................... .............................. 877 
Two views of a large cast from the lower part of the Fusispira bed near Cannon 

Falls, Minnesota. This specimen evidently has been somewhat compressed 
laterally. . 

Another cast tilted forward slightly to show the hight of the central ridge. 
Clitambunites bed, Goodhue county, Minnesota. Geological and Natural His-
tory Survey of Minnesota, Museum Register, No. 7382. .. 

Two views of a specimen with the apertural parts broken away. ClItambollltes 
bed. 

Another specimen from the Clitambonites bed preserving the apertural margin 
with some of the surface markings on one side. 

Surface markings of same. x3 and x5. 
Ventral side of fragment of outer volution showing transverse section of same 

below and four grooves produced by the dorsal ridges of the preceding whorl. 
Clitambonites beel. 

Dorsal view of a small specimen. The majority of the specimens seen from 
the Clitambonites beel range in size between this and figure 13. 

TETRANOTA OBSOLETA U. and S.,.................... ............ .................. 880 
Dorsal and apertural views of a testiferous example on which the slit-band has 

remained concave throughout the growth of the shell. Ctenodonta bed, Chat-
field, Minnesota. 

Three views of the specimen which we regard as the type of the species. Though 
retaining the shell, we have failed to discover any remains of surface markings. 
Ctenodonta bed, Goodhue county, Minnesota. 

TETRANOTA, sp. undet.... ........ ................................................ 880 
Dorsal view of a good cast of the interior from the Utica gruup at Cincinnati, 

Ohio. This specimen may represent a later variety of T. bido1'sata Hall, but in 
the obsolesence of the latera-dorsal ridges, as 'may be seen from the basal out-
line, it agrees more closely with T. obsoleta. 

Dorsal view of a cast of the interior of an undescribed species of this genus. 
Stunes River group, Minneapolis, Minnesota. The ridges in this ~pecies, of 
which our material is not sufficieut to warrant us in giving it a name, are 
unusually obscure. 

TETRANoTA WISCONSINENSIS Whitfield sp...... .... ........ ................ ....... 881 
Dorsal view of a large anr! nearly perfect cast of the interior. Stones River group, 

Beloit, Wisconsin. Collection, University of Wisconsin. 
View of same with the smaller volutions removed, showing the ventral side of 

the outer whorl with the four 1urrows which are always found here in species 
of Tetrallota. 

Lateral view of same. 
Dorsal view of a very small specimen supposed to be the young of this species. 

Mi nneapolis, Minnesota. 
Fig. 30 SCHIZOLOPHA TEXTILIS Ulrich ............................... . . . . .... . . . . . . .. . . . 992 

A specimen showing the slit in the outer lip and preserving some of the delicate 
surface marking8. The enlargement of the latter (x2) represents part of the 
upper third of the last whorl to the suture line and above this the slit-band of 

Figs. 31 to 37 
31 and 32 

33 

34 

35 

36 

37 

Figs. 38 to 40 
38 and 39 

40 
Figs. 41 to 44 

the preceding whorl. Upper part of Trenton group, NashVille, Tennessee. 
SCHIZOLOPllA llIGOREI Ulrich.... .... .......... .......... .... ............ .... ...... . 992 

Two views of a nearly perfect cast of the interior of the typical form of this species 
showing the slit, the great prominence of the carina on the last whorl, the 
umbiliCUS, and other characteristic features. Richmond group, Richmond, 
Indiana. 

Gutta percha impression from a natural mold of the exterior, showing the coarse 
surface markiugs. Richmond, Indiana. 

Outer third uf the last whorl of a specimen overgrown by a species of P1'otarea, 
which originally covered all of the exterior of the shell excepting the slit in the 
aperture. Locality, same as preceding. 

Transverse section of the last whorl of a cast from the same horizon and locality. 
The small indentation on the umbilical Ride (left 5ide of figure) is characteristic 
for the typical form of the species. 

Transverse section of the last whorl of a small variety occurring in the Lorraine 
grouI! at Cincin?ati, Ohio. In casts of this form the peripheral angle is less 
promillent than III the typical form, and there is no indentation on the umbil
ical side. (Compare with figure 35.) 

Vertical section of an unusually high, testiferous example a! the Cincinnati 
variety. . 

LOPHOSPIRA (?) RNOXYILLENsrs Ulrich.......... .... .... .... ... ................... 989 - \ 
Umbilical ~nd .apertural views of a speCimen showing- the general form of the 

shell, which IS much as in Trochonema, with the distinct peripheral band o·f a 
~ophospira. K?~xville. Tennessee. (? Chazy group.) 

View of'the umbIlical side of another specimen from the saine locality. 
LOPHOSPIRA? TROCHONEil{OIDES Ulrich............................................ 990 

Four views of the type of this species. 
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Figs. 1 to 3 BUCANIA EMMONSI U. and S...................... .. .......................... 887 
1 and 3 Dorsal and lateral views of a specimen from the" Oentrallimestnne" of the Stones 

River group at Murfreesboro, Tennessee', showing surface markings, the narrow, 
impressed slit-band, and peculiar indentations along the suture line. 

2 Apertural view of a specimen froru the Black River group near Fountain, Minne-
sota, showing ribs on inner surface of ventral side of last whorl. In both of 
these specimens the slit portion of the last whorl (i. e, about half a turn) is 
broken away. 

Figs. 4 to 8 BUCANIA HALLI U. and S ..................................................... , .... 886 
4 and 5 

6 

7 
8 

Two views of a specimen retaining surface markings. A bout one-third of last 
whorl broken away. Stones River group, Oannon Falls, Minnesota. 

View of the umbilicus of a coarsely silicified shell, showing its nearly even slope. 
Blacl{ River group, Mercer county, Kentucky. 

Transverse section of inner volutions of specimen represented by figures 4 and 5. 
Transverse section of a whorl of an internal cast from Mercer county, Kentucky. 

This specimen is somewhat doubtfully referred to this species, the back being 
unusually convex and the sides too blunt. 

Figs. 9 and 10 BUCANIA MINNESOTENSIS U. and S ....... _. _ ..... " _ ....... _. .... .... ... . .. .. .... .. 887 

Figs. 11 and 12 

Figs. 13 to 15 

Figs. 16 to 19 
16 to 18 

19 

Figs. 20 to 23 
20 and 21 

22 and 23 

Figs. 24 and 25 

Figs. 26 to 29 
26 to 28 

29 

Two views of the type of this species. Stones River group, Oannon Falls, Minne
sota. The specimen is a cast of the interior and slightly distorted, but pre
serves Rome of the surface markings and shows the peculiar impression of the 
umbilical slope. It is to be noted also that the perfect shell was considerably 
larger, a third volution at least being absent. 

BUCANIA ELLIPTICA U. and S. _ .................................. " ............... . 
Two views of the cast regarded as the type of this species. Fusispira bed, Tren

ton group, near Oannon Falls, Minnesota. As usual with specimens of this 
genus, the slit portion of the last whorl is wanting. 

BUCANIA RUGATINA Ulrich ....................................................... . 
Three views of a silicified shell, imperfect at the aperture. Upper part of Tren

ton group, near Burgin, Kentucky 

BUCANIA SUBLATA U. and S ....... " ............................................. . 
Three views of It small silicified specimen. The surface markings have been 

destroyed excepting for a short distance beneath the e(lge of t,he lower lip (see 
figure 18). Trenton group, near Burgin, Kentucky. 

Imperfect cast of the interior, probably of this species. StoneS River group, Min
neapolis, Minnesota. 

B UCANIA SUBANGULATA Ulrich ...................... ·.···························· 
An imperfect and somewhat macerated silicified example, showing the angular 

dorsum and part of the expanded apertural margin. Trenton group, near Bur-
gin, Kentucky. . 

A similar specimen from the same locality, showing the slit-band and surface 
markings. 

BUCANIA LINDSLEYI Safford sp ............. -...................................... . 
Two views of the original type of this species. Trenton group, DeKalb county, 

Tennessee. The specimen is partly coated by a parasitiC bryozoan, as shown in 
Safford's figures, but we thought it best to draw it without these disfiguring 
patches. 

BUCANIA MICRONEMA Ulrich ............... ·························· ........... . 
Three views 0 the silicified type, showing the unusually rapid expansion of the 

volutions Trenton group, Danville, Kentucky. . . 
Part of dorsum of same x2, showing the delicate surface marklOgs, the postenor 

end of the slit, and the slit-band. 
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BUCANIA EMMONSI U. and S ..................... , .. .......................... 887 
Dorsal and lateral views of a specimen from the "Oentrallimestnne" of the Stones 

River group at Murfreesboro, Tennessee', showing surface markings, the narrow, 
impressed slit-band, and peculiar indentations along the suture line. 

Apertural view of a specimen froru the Black River group near Fountain, Minne
sota, showing ribs on inner surface of ventral side of last whorl. In both of 
these specimens the slit portion of the last whorl (L e, about half a turn) is 
broken away. 

Figs. 4 to 8 BUCANIA HALLI U. and S .............................. ,.... ........ ........... .... tl86 
4 and 5 Two views of a specimen retaining surface markings. A bout one-third of last 

6 

7 
8 

whorl broken away. Stones Ri ver group, Oannon Falls, Minnesota. 
View of the umbilicus of a coarsely silicified shell, showing its nearly even slope. 

Blacl{ River group, Mercer county, Kentucky. 
Transverse section of inner volutions of specimen represented by figures 4 and 5. 
Transverse section of a whorl of an internal cast from Mercer county, Kentucky. 

This specimen is somewhat doubtfully referred to this species, the back being 
unusually convex and the sides too blunt. 

Figs. 9 and 10 BUCANIA lIIINNESOTENSIS U. and S..... . ... .... . . ... .. . . . .. .. .... .... ... . .. .. .... .. 887 

Figs. 11 and ]2 

Figs. 13 to ]5 

Figs. 16 to 19 
16 to 18 

19 

Figs. 20 to 23 
20 and 21 

22 and 23 

Figs. 24 and 25 

Figs. 26 to 29 
26 to 28 

29 

Two views of the type of this species. Stones Ri ver gTOUp, Oannon Falls, Minne
sota. The specimen is a cast of the interior and slightly distorted, but pre
serves Rome of the surface markings and shows the peculiar impression of the 
umbilical slope. It is to be noted also that the perfect shell was considerably 
larger, a third volution at least being absent. 

BUCANIA ELLIPTrCA U. and S ..................................................... . 
Two views of the cast regarded as the type of this species. Fusispira bed, Tren

ton group, near Oannon Falls, Minnesota. As usual with specimens of this 
genus, the slit portion of the last whorl is wanting. 

BUCANIA RUGATINA Ulrich ....................................................... . 
Three views of a silicified shell, imperfect at the aperture. Upper part of Tren

ton group, near Burgin, Kentucky 

BCCANIA SUBLATA U. and S ................................................•...... 
Three views of It small silicified specimen. The surface markings have been 

destroyed excepting for a short distance beneath the e(lge of the lower lip (see 
figure 18). Trenton group, near Burgin, Kentucky. 

Imperfect cast of the interior, probably of this species. Ston~s River group, Min
neapolis, Minnesota. 

B UCANIA SUBANGULATA Ulrich ............................. · .... ·.···· .. ·· ...... ·· 
An imperfect and somewhat macerated silicified example, showing tbe angular 

dorsum and part of the expanded apertural margin. Trenton group, near Bur-
gin, Kentucky. . 

A similar specimen from the same locality, showing the slit-band and surface 
markings. 

BUCANIA LINDSLEYI Safford sp .................................................. -.. 
Two views of the original type of this species. Trenton group, DeKalb county, 

Tennessee. The specimen is partly coated by a parasitiC bryozoan, as shown in 
Safford's figures, but we thought it best to draw it without these disfiguring 
patches. 

BUCANIA MICRONEMA Ulrich ............... ·························· ........... . 
Three views 0 the silicified type, showing the unusually rapid expansion of the 

volutions Trenton group, Danville, Kentucky. . . 
Part of dorsum of sallle x2, showing the delicate surface lllarklIlgs, the poster lOr 

end of the slit, and the slit-band. 
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Figs. 30 to 33 BUCANIA FRANKFORTENSIS Ulricb...... .. .. .. .. .... .. .... .. .. .. .. .. .. .. .. .. .. .. .. 891 

Four views of tbe silicified sbell upon whicb tbe species is founded. Top of Tren
ton group, Frankfort, Kentucky. The specimen has suffered from maceration, 
consequently the surface markings, the interrupted revolving lines especially, 
are more or less obscure. 

Figs. 34 and 35 BUCANIA PERACUTA Ulrich....................................................... 896 
Two views of the incomplete type of this remarkable species. Trenton group, 

DeKalb county, Tennessee. 

Figs. 36 to 40 
36 

37 
38 and 39 

40 

l!'igs.41 to 44 
41 

42 and 43 
44 

Figs. 45 and 46 

BUCANIA NASHVILLENSIS Ulrich .................................................. . 
Basal view of a macerated specimen from the Trenton at Nashville, Tennessee, 

possessing unusually thick inner lip. 
A pertural view of another specimen from this locality. 
Two views of an incompiete but otherwise well preserved shell from DeKalb 

county, Tennessee, showing form of aperture, the slit and surface markings. 
Small part of dorsal surface of same showing the slit-band and surface markings. 

BUCANIA NANA Ulrich ............................................................ . 
Lateral view of an average specimen of this small species. 
Apertural and lateral views of same, x2. 
Part of the dorsal surface of another specimen, x3, showing exceedingly delicate 

strial connecting the regular tra.nsverse lines. The line at the bottom of the 
figure shows the convexity of the dorsal surface. Trenton group, near Burgin, 
Kentucky. 

BUCANIA NANA var. SUBPATUJ,A Ulrich ....................................•...... 
Lateral view, -x2, and dorsal view of the natural size of a specimen of this variety, 

showing a smaller umbilicus and wider aperture than pertains to the typical 
form of the species. Near Burgin, Kentucky. 

890 

895 

896 

Fig. 47 BUCANIA SINGULARIS Ulrich........ . . . . . . .. . . . . .. . . . . . . . . . . .. .. . . . . . . . . . . .. .... .. 894 
Dorsal view of a specimen that is largely overgrown by a delicate bryozoan, 

0bscuring the finer surface markings. Upper part of Trenton group, Nash-
ville. Tennessee. 
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Figs. 30 to 33 BUCANIA FRANKFOR'l'ENSIS Ulrich...... .... .... .......•..•....... .... ............ 891 

Four views of the silicified shell upon which the species is founded. Top of Tren
ton group, Frankfort, Kentucky. The specimen has suffered from maceration, 
consequently the surface markings, the interrupted revolving lines especially, 
are more or less obscure. 

Figs. 34 and 35 BUCANIA PERACU'l'A Ulrich ....................................... ·............... 896 
Two views of the incomplete type of this remarkable species. Trenton group, 

DeKalb county, Tennessee. 

Figs. 36 to 40 BUCANIA NASHVILLENSIS Ulrich................................................... 890 
36 Basal view of a macerated specimen from the Trenton at Nashville, Tennessee, 

possessing unusually thick inner lip. 
37 A pertural view of another specimen from this locality. 

38 and 39 Two views of an incomplete but otherwise well preserved shell from DeKalb 
county, Tennessee, showing form of aperture, the slit and surface markings. 

40 Small part of dorsal surface of same showing the slit-band and surface markings. 

Figs.41 to 44 BUCANIA NANA Ulrich............................................................. 895 
41 

42 and 43 
44 

Lateral view of an average specimen of this small species. 
Apel'tural and lateral views of same, x2. 
Part of the dorsal surface of another specimen, x3, showing exceedingly delicate 

striffi connecting the regular transverse lines. The line at the bottom of the 
figure shows the convexity of the dorsal surface. Trenton group, near Burgin, 
Kentuck.Y. 

Figs. 45 and 46 BUCANIA NANA var. SUEPATULA Ulrich........................................... 896 
Lateral view, ·x2, and dorsal view of the natural size of a specimen of this variety, 

showing a smaller umbilicus and wider aperture than pertains to the typical 
form of the species. Near Burgin, Kentucky. 

Fig. 47 BUCANIA SINGULARIS Ulrich...................................................... 894 
Dorsal view of a specimen that is largely overgrown by a delicate bryozoan, 

'lbscuring the fiuer surface markings. Upper part of Trenton group, Nash-
ville, Tennessee. 
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Figs. 1 to 6 CONRADELLA OBLIQUA U. alJd S................... ............................... 906 
1 Lateral view of an almost perfect and unusually large specimen. showing the 

decided obliquity of the transverse lamellm which characterizes this specie~. 
Shales of the Black River group, Cannon Falls, Minnesota. 

2 and 3 Two views of another specimen, slightly exceeding the average size. St. Paul, 
Minnesota. 

4 Parts of two whorls of another specimen from St,. Paul, x2, the slight denticula-
tions of the edge representing the prominent lunuhe of the slit-band. The 
decline at the upper right-hand corner of the figure is at the beginning of 
the open slit. 

5 View of the back of part of the slit portion of a third specimen from St. Paul, 
x2, having unusually prominent imbrications. 

6 Dorsal surface, x4, of same specimen that furnished figure 4, showing salient 
slit-band with its distant lunulm, and surface markings. 

Figs. 7 to 10 CONRADELLA FIlliBRIATA U. and S................ ................................ 907 

7 and 8 

9 

10 

(See also plate LXII.) 

Two views of a large specimen. Stones River group, Minneapolis, Minnesota. 
The umbilicus is filled with stony matter and the left side of the aperturaJ 
expansion broken away in the original of these figures, but as the missing and 
hidden parts are clearly shown by other specimens, no apology is necessary 
for restoring them in the drawings. 

Portion of the terminal expansion and of the broken bases of two preceding 
expansions of same, x2. 5, showing fine surface markings. The right 
margin of the figure represents the edge of the slit. 

Apertural view of a small specimen showing the expansion entire on one side. 
Geological and Natural History Survey of Minnesota, Museum Register 
No. 8724. 

Fig. 11 CONRADELLA IMBRICATA Meek and Worthen sp ......... " . . . .. . .... .. .. .. .. .... .. 911 
Lateral view of a small but highly characteristic specimen of this species. 

Trenton group, Alexander county, Illinois. 

Figs. 12 to 15 CONRADELLA ELEGANS Miller sp........................................ .......... 911 
12 Lateral view of a specimen of the usual size, Lorraine group, Cincinnati, Ohio. 

13 and 14 Lateral. view of the natural size, and apertural view x2, of the largest specimen 
seen; from the same locality. 

15 Small portion of the left dorsal slope of same, x4. 

Figs. 16 to 18 CONRADELLA GRANDlS Ulrich .................................................... · 908 

16 and 17 

18 

Figs. 19 to 22 
19 to 21 

22 

Figs. 23 to 26 
23 and 24 

25 

26 

(See also plate LXII.) 

Two views of a large specimen of this species. Stones River group, Lebanon, 
Tennessee. The specimen occurred in solid limestone, one side being now a 
cast of the interior, while the other retains some of the sbell with the broken 
bases only of the transverse lamellGB. 

Small part of the side of another specimen showing the imbricating lamellm 
entire. 

CONRADELLA TRIANGULARIS U. and S ......................................... .. 
Lateral views of three specimens showing very decided variability in the 

number of the transverse imbrications. All are from the Stones River group; 
the first, from Beloit, Wisconsin. has unusually numerous imbrications; in the 
second, from Dixon, Illinois, they are much fewer in number; in the third, 
from Minneapolis, Minnesota, their number is not far from an average for 
the species. 

Section of a specimen from Dixon, Illinois, cutting the whorls .transversely. 

CONRADELI,A BELLULA Ulrich ............... ······································ 
Lateral and apertural views, the first of the natural size, tbe second x2.4, of 

an apparently perfect example. Lorraine group, Covington, Kentucky. 
Part of a dorsal view of same x4, showing the slit-band and wavy surface 

imbrications. 
Small part of surface in a lateral view, x4. 
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Figs. 1 to 6 OONRADELLA OBLIQUA U. aud S................... ..................... .......... 906 
1 Lateral view of an almost -perfect and unusually large specimen, showing the 

decided obliquity of the transverse lamellre which characterizes this specie~. 
Shales of the Black River group, Oannon Fall,;, Minnesota. 

2 and 3 Two views of another specimen, slightly exceeding the average size. St. Paul, 
Minnesota. 

4 Parts of two whorls of another specimen from St .. Paul, x2, the slight denticula-
tions of the edge representing the prominent lunulm of the slit-band. The 
decline at the upper right-hand corner of the figure is at the beginning of 
the open slit. 

5 View uf the back of part of the slit portion of a third specimen from St. Paul, 
x2, having unusually prominent imbrications. 

6 Dorsal surface, x4, of same specimen that furnished figure 4, showing salient 
slit-band with its distant lunuhB, and surface markings. 

Figs. 7 to 10 OONRADELLA FIMBRIATA U. and S................................................ 907 
(See also plate LXII.) 

7 and 8 Two views of a large specimen. Stones River group, Minneapolis, Minnesota. 
The umbilicus is filled with stony matter and the left side of the apertural 

. expansion broken away in the original of these figures, but as the missing and 
hidden parts are clearly shown by other specimens, no apology is necessary 
for restoring them in the drawings. 

9 Portion of the terminal expansion and of the broken bases of two preceding 
expansions of same, x2.5, showing fine surface markings. The right 
margin of the figure represents the edge of the slit. 

10 Apertural view of a small specimen showing the expansion entire on one side. 
Geological and Natural History Survey of Minnesota, Museum Register 
No. 8724. 

Fig. 11 OONRADELLA IMBRICATA Meek and Worthen sp................................... 911 

Figs. 12 to 15 
12 

13 and 14 

15 

Lateral view of a small but highly characteristic specimen of this species. 
Trenton group, Alexander county, Illinois. 

OONRADELLA ELEGANS Miller sp ................................ ·.· .............. . 
Lateral view of a specimen of the usual size, Lorraine group, Cincinnati, Ohio. 
Lateral view of the natural size, and apertural view x2, of the largest specimen 

seen; from the same locality. 
Small portion of the left dorsal slope of same, x 4• 

911 

Figs. 16 to 18 OONRADELLA GRANDIS Ulrich ........................... " ...... .... .. .... .. . .. . . . 908 

16 and 17 

18 

Figs. 19 to 22 
19 to 21 

22 

Figs. 23 to 26 
23 and 24 

25 

(See also plate LXII.) 

Two views of a large specimen of this species. Stones River group, Lebanon, 
Tennessee. The specimen occurred in solid limestone, one side being now a 
cast of the interior, while the other retains some of the shell with the broken 
bases only of the transverse lamellre. 

Small part of the side of another specimen showing the imbricating lamellm 
entire. 

OONRADELLA TRIANGULARIS U. and S ......................................... .. 
Lateral views of three specimens showing very decided variability in the 

number of the transverse imbrications. All are from the 8tones River group; 
the first, from Beloit, Wisconsin, has unusually numerous imbrications; in the 
second, from Dixon, Illinois, they are much fewer in number; in the third, 
from MinneapoliS, Minnesota, their number is not far from an average for 
the species. 

Section of a specimen from Dixon, Illinois, cutting the whorls .transversely. 

CONRADELLA BELLULA Ulrich ........ ············································· 
Lateral and apertural views, the first of the natural size, the second x2.4, of 

an apparently perfect example. Lorraine group, Oovington, Kentucky. 
Part of a dorsal view of same x4, showing the slit-band and wavy surface 

imbrications. 
26 Small part of surface in a lateral view, x4. 
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910 
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Figs. 27 to 29 OONHADELLA DYERI var. CELLULOSA U. and S.............................. ...... 910 

27 Lateral view, mostly in outline only, of a good specimen. Olitambonites bed, 
Trenton group, Oannon Falls, Minnesota. 

28 and 29 Small portions of the sides of the outer whorl, x4 and x8, showing the peculiar 

Figs. 30 to 

Figs. 34 to 
34 to 

33 
30 

31 

32 
33 

38 
36 

surface markings. The right side of th(jse figures is anterior. 

OONRADELLA DYER! Hall sp ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ........... 909 
Lateral view, in outline, of a nearly complete shell. Richmond group, Butler 

county, Ohio. 
Apertural view of another specimen, >-:2. This specimen, now incomplete, was 

perhaps a half turn larger than the preceding. It is from the same locality. 
Part of the right side of same, x4. 
Inner whorls of same, x 10. 

SALPINGOSTOlVIA BUELLI Whitfield sp ........ :.............. ...................... 900. 
Three views of a fine cast of the interior, showing the expanded mouth, the 

open dorsal slit, and obscure indications of the external markings. Stones 
River group, Rockton, Illinois. Geological and Natural History Survey of 
Minnesota, Museum Register No. 7318. 

37 Dorsal view of a specimen from Beloit, Wisconsin, retaining some of the external 
markings. 

38 Apertural view of a specimen from the Vanuxemia bed at Minneapolis belonging 
to the Geological Survey collection (Museum Register No. 5544), and doutfully 
referred to s. buelli. In this specimen the apertural portion of the internal 
castas been removed and the remaining radially marked expansion therefore 
represents an impres~ion of the exteriol' of the shell and not of the interior. 

Figs. 39 and 40 SALPINGOST03IA RIOHlIlONDENSIS Ulrich........................................... 903 
Two views of a nearly complete cast of the interior, from Richinond, Indiana. 

Figs. 41 to 44 BucANIA PUNCTllfRONS Emmons................................................... 894 
41 Apertural view of a good specimen. The reticulated surface markings are omitted 

except on the umbilical slope on the right side of the figure. Lower part of 
Trenton group, Nashville, Tennessee. 

42 Small portion of the markings of same, x5. 
43 Lateral view of another specimen, from the same locality, showing several inter-

ruptions in the regular growth of the shell. The surface ornamentation was 
drawn on a portion of the outer whorl only. 

44 Part of dorsum of same, x2.4, showing the slit-band and surface markings to the 
first interruption, the latter being at the top of the figure. 

Fig. 45 BUCANIA SIllWLATRIX Urich.............................. .... .... .... ........ .... 892 
(See also plate LXIII.) 

Lateral view of the specimen illustrated on plate LXIII. It is a cast of the 
interior and almost perfect. Imperfect specimens are very liable to confusion 
with the associated Salpinqostoma 1'ichmondensis figured on this plate . 

. Figs. 46 to 48 BUCANIA CRASSA Ulrich............................................................ 8&3 
Three views of the most complete example seen, showing the thick shell and 

obscure remains of surface markings. Richmond, Indiana. This specimen has 
suffered considerably from maceration. Other, less complete, individuals 
exhibit a rounded dorsal band which, however, does not materially affect the 
almost uniform convexity of the back of the whorls. 

Figs. 27 to 29 
27 

28 and 29 

Figs. 30 to 33 
30 

31 

32 
33 

Figs. 34 to 38 
34 to 36 

PAGE, 
CONHADELLA DYERI var. CELLULOSA U. and S.............................. ...... 910 

Lateral view, mostly in outline only, of a good specimen. Clitambonites bed, 
Trenton group, Cannon Falls, Minnesota. 

Small portions of the sides of the outer whorl, x4 and x8, showing the peculiar 
surface markings. The right side of these figures is anterior. 

CONRAD ELLA DYERI Hall sp ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ........... 909 
Lateral view, in outline, of a nearly complete shell. Richmond group, Butler 

county, Ohio. 
Apertural view of another specimen, >.:2. This specimen, now incomplete, was 

perhaps a half turn larger than the preceding. It is from the same locality. 
Part of the right side of same, x4. 
Inner whorls of same, xlD. 

SALPINGOSTOMA BUELLI Whitfield sp....... ................ ...................... 900 
Three views of a fine cast of the interior, showing the expanded mouth, the 

open dorsal slit, and obscure indications of the external markings. Stones 
River group, Rockton, Illinois. Geological and Natural History Survey of 
Minnesota, Museum Register No. 7318. 

37 Dorsal view of a specimen from Beloit, Wisconsin, retaining some of the external 
markings. 

38 Apertural view of a specimen from the Vanuxemia bed at Minneapolis belonging 
to the Geolog-ical Survey collection (Museum Register No. 5544), and doutfully 
referred to s. buelli. In this specimen tbe apertural portion of the internal 
castas been removed and the remaining radially marked expansion therefore 
represents an impres~ion of the exterior of the shell and not of the interior. 

Figs. 39 and 40 SALPINGOST02IIA RIOHilLONDENSIS Ulrich. .... .. .. . . . . .. .. .. .... .. .... .... .... .. .... 903 

Figs. 41 to 44 
41 

42 
43 

Two views of a nearly complete cast of the interior, from Richinond, Indiana. 

BUOANIA PUNCTIFRONS Emmons .................................................. . 
Apertural view of a good speci men. The reticulated surface marki ngs are omitted 

except on the umbilical slope on the right side of the figure. Lower part of 
Trenton group, Nashville, Tennessee. 

Small portion of the markings of same, x5. 
Lateral view of another specimen, from the same locality, showing several inter

ruptions in the regular growth of the shell. The surface ornamentation was 
drawn on a portion of the outer whorl only. 

Part of dorsum of same, x2.4, showing the slit-band and surface markings to the 
first interruption, the latter being at the top of the figure. 

894 

Fig. 45 BUOANIA SIllIULATRIX Urich.............................. . . . . . . . . . . . . . . . . . . . . . . . . 892 
(See also plate LXIII.) 

Lateral view of the specimen illustrated on plate LXIII. It is a cast of the 
interior and almost perfect. Imperfect specimens are very liable to confusion 
with the associated Salpinqostoma 1'ichmondensis figured on this plate . 

. Figs. 46 to 48 BUOANIA ORASSA Ulrich................. .......................................... 8&3 
Three views of the most complete example seen, showing the thick shell and 

obscure remains of surface markings. Richmond, Indiana. This specimen has 
suffered considerably from maceration. Other, less complete, individuals 
exhibit a rounded dorsal band which, however, does not materially affect the 
almost uniform convexity of the back of the whorls. 
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Figs. 1 to 6 
1 

2 
3 

4 

5 
6 

Figs. 7 to 9 
7 and 8 

9 

Figs. 10 to 13 

Figs. 14 to 17 

Figs. 18 to 20 
18 

19 
20 

Figs. 21 to 23 
21 and 22 

23 

Figs. 24 to 29 
24 to 26 
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RAPHIS'l'OlVIA PERACUTUM U. and S. . . . . . . . . . . . .... .... .. .. . . . . . . . . .. .. .... .... . . . . 940 
Outline view of the fiat side of a specimen preserving the shell with some of the 

surface markings. Ctenodonta bed, Black River group, near Cannon Falls, 
Minnesota. 

Umbilical side of the same, x2. 
Apertural view of same, x2, showing extremely aeute periphery and slightly 

sunken spire. 
Small portion of outer whorl of figure I, x5, showing fine regular lines of growth 

of the delicate raised line interrupting their continuity about a third of the 
width of the whorl from the suture. 

Apical side of another example, from the same locality. 
Apertural view of same, x2. The spire is not sunken in this speeimen. 

RAPHISTOlVIA RIOHMONDENSE Ulrich. ............................................ 941 
Two views of a speeimen retaining some of the shell. Riehmond group, 

Richmond, Indiana. 
Small part of the upper side of the last whorl of same. x4, showing curvature 

of the sub-equal striae and the wire-like peripheral edge. Tbe latter forms 
the lower boundary of the figure. 

RAPHISTOMINA RUGATA U. and S ............................................... . 
Four views, the last of the natural size, the otherR x2, of an entire east, 

apparently of the exterior of the shell. The unusual strength of the 
transvtJrse striae is the most striking of the speeific peeuliarities of this 
species. Trenton group, Clitambonites bed, Goodhue eounty, Minnesota. 

RAPHISTOMINA lIWDESTA Ulrich ................................................... . 
Four views, the first of the natural ::li7,e, the others x2, of the silieified type of 

this species. The peripheral wrinkles shown in figure 16 may have extended 
all around originally. Stones River group, Murfreesboro, Tenn. 

RAPilISTOMIN A LAPIOIDA Salter sp ............................. " .............. .. 
Umbilical side of a large specimen, the apertural portion restored in the figure. 

Black River group, near Lebanon, Tennessee. 
Upper side of another specimen, from the same locality. 
Apertural view, with the apical whorls restored, of a third specimen, from the 

same locality. 

RAPHISTOMINA DENTICULATA Ulrich ............................... · ......... ····· 
Two views of a coarsely silicified shell of this speeies. The surfaee markings 

are very obscure except on a small portion of the upper part of figure 22 
where the denticulations of t,he peripbery also are shown. Blaek River group, 
Mercer county, Kentucky. 

Dorsal view of a partial cast of the interior from the same loeality, showing 
the obscure ridge beneath the peripheral angle. 

LIOSPIRA MICULA Hall sp.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .............. . 
Three views of a large and nearly perfect example of this species. Utiea group, 

Covington, Kentueky. 
Portion of the under side of same, x5, showing surfaee markings and lower part 

of peripheral band. The portion of the latter exposed in this view is very 
narrow. 

944 

943 

942 

943 

994 

28 Portion of upper side of last whorl of same, x5, showing delieate lines. of 
growth, the broad and fain tly defined peripheral band, and obseure revolvlUg 
lines on the latter. Such revolving lines often extend over the whole upper 
side of the whorls. 

29 Peripheral portion of preceding more highly magnified (x lO) giving an idea of 
the exceeding delicacy of the markings. 

Figs. 1 to 6 
1 

2 
3 

4 

5 
6 

Figs. 7 to 9 
7 and 8 

9 
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RAPHISTOlIIA PERACUTUM U. and S. . . . . . . . . . . . .... .... .. .. .. . . . . .. ...... .. .... .. . . 940 
Outline view of the flat side of a specimen preserving the shell with some of the 

surface markings. Otenodonta bed, Black River group, near Oannon Falls, 
Minnesota. 

Urn bilical side of the same, x2. 
Apertural view of same, x2, showing extremely aeute periphery and slightly 

sunken spire. 
Small portion of outer whorl of figure I, x5, showing fine regular lines of growth 

of the delicate raised line interrupting their continuity about a third of the 
width of the whorl from the suture. 

Apical side of another example, from the same locality. 
Apertural view of same, x2. The spire is not sunken in this specimen. 

RAPHISTOMA RIOHMONDENSE Ulrich. ............................................ 941 
Two views of a specimen retaining some of the shell. Richmond group, 

Richmond, Indiana. 
Small part of the upper side of the last whorl of same. x4, showing curvature 

of the sub-equal striae and the wire-like peripheral edge. The latter forms 
the lower boundary of the figure. 

Figs. 10 to 13 RAPRISTOMINA RUGATA U. and S..... ...... .... ........... ...................... 944 
Four views, the last of the natural size, the otherR x2, of an entire cast, 

apparently of the exterior of the shell. The unusual strength of the 
transverse striae is the most striking of the specific peculiarities of this 
species. Trenton group, Clitambonites bed, Goodhue county, Minnesota. 

Figs. 14 to 17 RAPHISTOMfNA llWDESTA Ulrich.................................................... 943 

Figs. 18 to 20 
18 

19 
20 

Figs. 21 to 23 
21 and 22 

23 

Figs. 24 to 29 
24 to 26 

27 

Four views, the first of the natural 6ize, the others x2, of the silicified type of 
this species. The peripheral wrinkles shown in figure 16 may have extended 
all around originally. Stones River group, Murfreesboro, Tenn. 

RAPIlISTOMIN A LAPIOIDA Salter sp ............................. " ............... . 
Umbilical side of a large specimen, the apertural portion restored in the figure. 

Black River group, near Lebanon, Tennessee. 
Upper side of another specimen, from the same locality. 
Apertural view, with the apical whorls restored, of a third specimen, from the 

same locality. 

RAPHISTOMINA DENTICULATA Ulrich ............................................ . 
Two views of a coarsely silicified shell of this species. The surface markings 

are very obscure except on a small portion of the upper part of flgure 22 
where the denticulations of t,he periphery also are shown. Black Ri ver group, 
Mercer county, Kentucky. 

Dorsal view of a partial cast of the interior from the same locality, showing 
the obscure ridge beneath the peripheral angle. 

LIOSPIRA MICULA Hall sp.... . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . .. . .... , ......... . 
Three views of a large and nearly perfect example of this species. Utica group, 

Covington, Kentucky. 
Portion of the under side of same, x5, showing surface markings and lower part 

of peripheral band. The portion of the latter exposed in this view is very 
narrow. 

28 Portion of upper side of last whorl of same, x5, showing delicate lines of 
growth, the broad and faintly defined peripheral band, and obscure revolving 
lines on the latter. Such revolving lines often extend over the whole upper 
side of the whorls. 

29 Peripheral portion of pr~ceding more highly magnified (x10) giving an idea of 
the exceeding delicacy of the markings. 

942 

943 

994 



Figs. 30 to 34 
30 to 32 

33 and 34 

PAGE. 
LIOSPIRA OBTUSA U. and S ........................... ".,., ......... ;" ........ ". 997 

Three views of a large specimen, chiefly a cast of the interior. showing the 
obtuse periphery and in flgure 32 the great thickness of the shell in the 
umbilical region. The latter, however, seems never to have been completely 
fllled, a small perforation occurring in every case. Stones River group, Dixon, 
Illinois. 

Profile and sectional views of a smaller specimen, the latter showing the 
umbilical perforation. Geological and Natural History Survey of Minnesota, 
Museum Register No. 687. 

Figs. 35 to 37 LIOSPIRA ANGUSTAT A U. and S .. , ..... ., ................ , ................ , ... ,.. 997 

35 and 36 

Figs. 38 to 44 
38 

39 

40 
41 and 42 

43 

44 

Figs. 45 to 47 
45 

46 and 47 

(See also plate LXIX.) 

Two views of a large specimen retaining considerable of the shell. Fusispira 
bed, Trenton group, Wykoff, Minnesota. 

Vertical section of a small specimen showing narrow umbilical perforation and 
rapidly increasing shell surrounding it; from same locality. 

LIOSPIRA PIWGNE Billings sp .... , .... ,.,', ............... , ...... , ... , ........ ,." 
Under side of a specimen from the Fusispira bed of the Trenton group at 

Wykoff, Minnesota. This specimen presents the usual appearance of the 
species as it occurs in Minnesota. Of the shell it retains only the concave 
solid filling of the umbilicus. 

Profile view in outline of a rather small silicified shell, showing the peripheral 
band. The sutures are very indistinct and the surface quite smooth. Lower 
division of the Stones River group, Murfreesboro, Tennessee. 

Verticill section of a typical specimen from the Trenton at Burgin, Kentucky. 
Basal and profile views of the solid axis of a large specimen. Trenton group, 

Hartsville, Tennessee. 
Under side of another axis in which the callosity which fills the umbilicus is 

more distinctly outlined than usual. 
Another Tennessee specimen in which the umbilical cavity is unusually narrow. 

LIOSPIRA PERSIMILIS Ulrich .......... ,., ........ , ... , .... , .. , ..... , ............. . 
Apical sifle of a specimen from the Trenton group at Hartsville, Tennessee. 
Basal and apertural views of another specimen from the same locality showing 

the greatly expanded umbilical callosity which distinguishes this species from 
L. helena Billings sp. 
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Figs. 30 to 34 
30 to 32 

33 and 34 

PAGE. 
LIOSPIRA OBTUSA U. and S ............................. "..................... .... 997 

Three views of a large specimen, chiefly a cast of the interior. showing the 
obtuse periphery and in figure 32 the great thickness of the shell in the 
umbilical region. The latter, however, seems never to have been completely 
filled, a small perforation occurring in every case. Stones River group, Dixon, 
Illinois. 

Profile and sectional views of a smaller specimen, the latter sbowing the 
umbilical perforation. Geological and Natural History Survey of Minnesota, 
Museum Register No. 687. 

Figs. 35 to 37 LroSPIRA ANGUSTATA U. and S ........ "........................................ 997 

35 and 36 

:n 

Figs. 38 to 44 
38 

39 

40 
41 and 42 

43 

44 

Figs. 45 to 47 
45 

46 and 47 

(See also plate LXIX.) 

Two views of a large specimen retaining considerable of the shell. Fusispira 
bed, Trenton group, Wykoff, Minnesota. 

Vertical section of a small specimen showing narrow umbilical perforation and 
rapidly increasing shell surrounding it; from same locality. 

LroSPIRA Pl{OGNE Billings sp ................................................ . 
Under side of a specimen from the Fusispira bed of the Trenton group at 

Wykoff, Minnesota. This specimen presents the usual appearance of the 
species as it occurs in Minnesota. Of the shell it retains only the concave 
solid filling of the umbilicus. 

Profile view in outline of a rather small silicified shell, showing the peripheral 
band. The sutures are very indistinct and the surface quite smooth. Lower 
division of the Stones River group, Murfreesboro, Tennessee. 

Verticill section of a typical specimen from the Trenton at Burgin, Kentucky. 
Basal and profile views of the solid axis of a large specimen. Trenton group, 

Hartsville, Tennessee. 
Under side of another axis in which the callosity which fills the umbilicus is 

more distinctly outlined than usual. 
Another Tennessee specimen in which the umbilical cavity is unusually narrow. 

LIOSPIRA PERSIMILIS Ulrich ..................................................... . 
Apical si(le of a specimen from the Trenton group at Hartsville, Tennessee. 
Basal and apertural views of another specimen from the same locality showing 

the greatly expanded umbilical callosity which distinguishes this species from 
L. helena Billings sp. 
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J!igs. 1 and ~ 

1 

2 

LIOSPIR.A. .A.NGUST.A. T.A. U. and IS ............ , . . . .. .........•...................... 9.97 
(See alBo plate LXVIU.) 

Vertical section of a large specimen, chiefly a cast of the interior, showing 
thickness of sbell in the umbiliclls. The sutures in this specimen are uDl\.sually 
deep. Trenton group, Wykoff, Minnesota. 

Under side of the specimen figured on plate LXVIII (figures 35 and 36), showing 
the narrow umbilical perforation and thick shell surrounding it. Though 
tbe rest of this side of the specimen is a cast of the interior, the outer part 
of the last volution still gives a good idea of the surface markings. _ 

Figs. 3 to 
3 to 

8 LrosPIRA VITRUVIA Billings sp.... ........ .... .... .... ......... .................. 995 
5 Three views of a cast of the interior, from tbe Stones River group at Beloit, 

6 

7 and 8 

Figs. 9 to 14 
9 to 12 

13 

14 

Figs. 15 to 17 

Figs. 18 to 20 
18 

19 and 20 

Figs. 21 to 25 
21 

22 

23 to 25 

Figs. 26 to 29 
26 

27 to 29 

Figs. 30 to 32 
30 and :31 

32 

Figs. 33 to 36 

Figs. 37 to 41 
37 and 39 

38 
40 and 41 

Figs. 42 to 46 
42 and 43 

44 
45 

46 
Figs. 47 to 50 

47 and 48 

49 

50 

Wisconsin. The concavity of tbe upper side of the outer volution is usually 
somewbat less, while the bigbt of tbe casts is commonly a trifle greater 
among Minnesota specimens of tbis species. 

Vertical section of tbe outer whorl of another specimen from Wisconsin, agreeing 
witb the preceding and sbowing tbe outline generally pertaining to Wisconsin 
representati ves of the species. Geological and Natural History Survey of 
Minnesota, Museum Register No. 7287. 

Vertical sections of two specimens from the Vanuxemia bed of the Stones 
River group of Minnesota, tbe first from Minneapolis, tbe second from Cannon 
Falls. Botb retain tbe sbell in tbe umbilicus and sbow, one more distinctly 
than the ot;ler, the angular border of tbe large umbilical perforation whicb is 
cbaracteristic of tbe species. . 

EOTOMARIA CANALIFERA Ulricb................................................... 1002 
Four views of an average example of tbis species. Lowest division of the Stones 

River group, Murfreesboro, Tennessee. 
Surface markings of the upper side and contour of same portion, x2, of a large 

specimen from the same ·ocality. The upper slope of tbe contour line is a little 
too steep in tbe figure. 

Outline view of a tbird specimen; the aperture is broken away but the spire is 
almost complete and sbows the gradual increase of tbe apical angle. 

EOTOllIARIA LABIOSA Ulricb .......................... · ............. ·............... 1003 
Three views of a nearly entire silicified shell, sbowing the great strength of the 

inner lip which distinguisbes tbe species from E. canalifem. Stones River 
group, Murfreesboro, Tennessee. 

EOTOlllARIA VICINUS U. and S ................. '" ... .... . . .. .... .... .. . . .... ....... 1003 
Dorsal view of a cast of the interior from tbe Stones River grou p at Minneapolis. 

Minnesota. Geological and Natural History Survey of Minnesota, Museum 
Rt'gister No. 5106. 

Apertural and basal views of a smaller and relatively bigber cast from tbe same 
borizon at Minf'ra\ Point. Wisconsin. The species is c'osely related to E. dryope 
Billings sp., but has a more evenly conical spire. 

EOTOJlIARIA DRYOPE Billings sp .................... ' ............................. 1003 
Dorsal view of a large sbell of this species from the Black River group of centra! 

Tennessee. Prof. J. M. Safford's collection. 
Section of a wborl taken from a smaller specimen collected at tbe same locality 

as tbe preceding. 
Three views of a good cast of the interior, tbe spire sligbtly lower tban usual for 

tbe species. Stones River group, Cannon Falls, Minnesota. 
EOTOlllARIA SUPRACINGULATA Billings sp.... .... .......................... ...... 1004 

Gutta perch a impres&ion from an incomplete natural mold of tbe exterior. Stones 
River group, Beloit, Wisconsin. 

Three views of a large specimen from Dixon, Illinois, retaining the sbell, in a 
macerated condition, however. Figure 29 shows tbe remarkable forward sweep 
of the outer part of the under lip. 

LroSPIRA SUBCONCA Y A Ulrich..................................................... 999 
'1'wo views of an average example. Stones River group, Murfreesboro, Tennessee. 
The upper side of a large specimen, from tbe same locality, sbowing the fine sur-

fac:e markings. The latte! are more delicate tban they appear in the figure. 
LrosPIRA (?) RUGATA Ulricb....................................................... 999 

Four views of an average example of tbis species. Tbe shell bas suffered from 
maceration yet preserves distinct remains of tbe transverse wrinkles. Rich
mond group, McKinneys, Kentucky. 

LIOSPIRA (?) MUNDULA Ulricb...................................................... 9.99 
Two views of a specimen, medium in size and proportions. As usual tbe surface 

markings are very obscure. Upper part of Trenton group, Danville, Kentucky. 
Upper side of a similar speCimen. 
Two views of a large shell, imperfect at the mouth but preserving unusually dis

tinct lines of growth. Formation and locality same as preceding. 
LrosPIR.A. (?) ANGULATA Ulrich.... .... .... .. .... ...... .......... .. .... .... ......... 1000 

Lower and upppr sides of a silicified sbell, sbowing tbe angular border of the 
umbilicus. Black River group, Mercer county, Kentucky. 

Umbilical side of a cast of the interior from the same locality. 
A large cast of tbe interior, the inner wborls restored from another specimen. 

Locality same as preceding. 
Apertural view of original of figures 42 and 43. 

CLATHROSPIRA SUBCONIC.A. Hall sp.... .... .... ... ............. ................ ..... 1006 
. (See also plate LXX.) 

Two v~ews of a cast or the interior from tbe Stones River group at Beloit, Wis
conslO, showing an unusual feature in tbe large pits in the peripheral band. 

Anotbe~ cast from Beloit with unusually strong ribs on tbe upper slope of the last 
volutIOn. 

Cast of the interior of a large and typical shell from tbe Vanuxemia bed at 
Minneapolis. Geological and Natural History Survey of Minnesota, Museum' 
Rt'g-ister No. 5037. 

Fig. 51 CLATHROSPIRA CONYEX.A. U. and S...................................... .... .. .. .. 100'7 
Dors!,!l yiew of a specimen from tbe Stones River group in Calhoun county, 

Ilhnols. The upper slope of the whorls is more convex than in G. subconica. 

·Wigs. 1 and ~ LIOSPIRA ANGUSTATA U. and :s............. ..... ................................ 997 
(See alBo plate LXVIII.) 

1 

2 

Vertical section of a large specimen, chiefly a cast of the interior, showing 
thickness of shell in the umbiliclls. The sutures in this specimen are unu.sually 
deep. Trenton group, Wykoff, Minnesota. 

Under side of the specimen figured on plate LXYIII (figures 35 and 36), showing 
the narrow umbilical perforation and thick shell surrounding it. Though 
the rest of this side of the specimen is a cast of the interior, the outer part 
of the last volution still gives a good idea of the surface markings. 

Figs. 3 to 
3 to 

8 LIOSPIRA YITRUYIA Billings sp.... ........ .... .... .... ......... .................. 995 
5 Three views of a cast of the interior, from the Stones River group at Beloit, 

6 

7 and 8 

Figs. 9 to 14 
9 to 12 

13 

14 

Figs. 15 to 17 

Figs. 18 to 20 
18 

19 and 20 

Figs. 21 to 25 
21 

22 

23 to 25 

Figs. 26 to 29 
26 

27 to 29 

Figs. ao to 32 
30 and :31 

32 

Figs. 33 to :36 

Figs. 37 to 41 
:37 and 39 

38 
40 and 41 

Figs. 42 to 46 
42 and 43 

44 
45 

46 
Figs. 47 to 50 

47 and 48 

49 

50 

Wisconsin. The concavity of the upper side of the outer volution is usually 
somewhat less, while the hight of the casts is commonly a trifle greater 
among Minnesota specimens of this species. 

Vertical section of the outer whorl of another specimen from Wisconsin, agreeing 
with the preceding and showing the outline generally pertaining to Wisconsin 
representati ves of the species. Geological and Natural History Survey of 
Minnesota, Museum Register No. 7287. 

Vertical sections of two specimens from the Vanuxem!a bed of the Stones 
River group of Minnesota, the first from Minneapolis, the second from Cannon 
Falls. Both retain the shell in the umbilicus and show, one more distinctly 
than the ot:ler, the angular border of the large umbilical perforation which is 
characteristic. of the species. . 

EOTOMARIA CANALIFERA Ulrich................................................... 1002 
Four views of an average example of this species. Lowest division of the Stones 

River group, Murfreesboro, Tennessee. 
Surface markings of the upper side and contour of same portion, x2, of a large 

specimen from the same ·ocality. The upper slope of the contour line is a little 
too steep in the figure. 

Outline view of a third specimen; the aperture is broken away but the spire is 
almost complete and shows the gradual increase of the apical angle. 

EOTOllIARIA LABIOSA Ulrich........................................................ 1003 
Three views of a nearly entire silicified shell, showing the great strength of the 

inner lip which distinguishes the species from E. canalifem. Stones River 
group, Murfreesboro, Tennessee. 

EOTOllIARIA YICINUS U. and S ................. '" ... .... . . .. .... .... .. . . .... ..•.... 1003 
Dorsal view of a cast of the interior from the Stones River group at Minneapolis. 

Minnesota. Geological and Natural History Survey of Minnesota, Museum 
Rt'gister No. 5106. 

Apertural and basal views of a smaller and relatively higher cast from the same 
horizon at Minpral Point. Wisconsin. The species is c'osely related to E. dryope 
Billings sp., but has a more evenly conical spire. 

EOTOilIAnIA DRYOPE Billings sp...... . . .. .. ... . . . . .. ............................. 1003 
Dorsal view of a large shell of this species from the Black River group of central 

Tennessee. Prof. J. M. Safford's collection. 
Sec.tion of a whorl taken from a smaller specimen collected at the same locality 

as the preceding. 
Three views of a good cast of the interior, the spire slightly lower than usual for 

the species. Stones River group, Cannon Falls, Minnesota. 
EOTOllIARIA SUPRACINGULATA Billings sp.... .... .... . . . . .... .... . .. . ...... ...... 1004 

Gutta percha impress-ion from an incomplete natural mold of the exterior. Stones 
River group, Beloit, Wisconsin. 

Three views of a large specimen from Dixon, Illinois, retaining the shell, in a 
macerated condition, however. Figure 29 shows the remarkable forward sweep 
of the outer part of the under lip. 

LroSPIRA SUBCONCA Y A Ulrich..................................................... 999 
Two views of an average example. Stones River group, Murfreesboro, Tennessee. 
The upper side of a large specimen, from the same locality, showing the fine sur-

fa(;e markings. The latte! are more delicate than they appear in the figure. 
Lro8PIRA (?) RUGATA Ulrich ........... _ .. .... ........ .... .... ................ ..... 999 

Four views of an average example of this species. The shell has suffered from 
maceration yet preserves distinct remains of the transverse wrinkles. Rich
mond group, McKinneys, Kentucky. 

LroSPIHA (?) :!I-IUNDULA Ulrich...................................................... 999 
Two views of a specimen, medium in size and proportions. As usual the surface 

markings are very obscure. Upper part of Trenton group, Danville, Kentucky. 
Upper side or a similar specimen. 
Two views of a large shell, imperfect at the mouth but preserving unusually dis

tinct lines of growth. Formation and locality same as preceding. 
LIOSPIRA(?) ANGULATA Ulrich ..................................................... 1000 

Lower and upppr sides of a silicified shell, showing the angular border of the 
umbilicus. Black River group, Mercer county, Kentucky. 

Umbilical side of a cast (If the interior from the same locality. 
A large cast of the interior, the inner whorls restored from another specimen. 

Locality same as preceding. 
Apertural view of original of figures 42 and 43. 

CLATHROSPIRA SUBCONICA Hall sp.... .... .... ... ............. ................ ..... 1006 
. (See also plate LXX.) 

Two v~ews of a cast or the interior from the Stones River group at Beloit, Wis
consIll, showing an unusual feature in the large pits in the peripheral band. 

Anothe~ cast frolll Beloit with unusually strong ribs on the upper slope of the last 
volutlOn. 

Cast of the interior of a large and typical shell from the Vanuxemia bed at 
Minneapolis. Geological and Natural History Survey of Minnesota, Museum' 
Reg-ister No. 5037. 

Fig. 51 CLATHROSPIRA CONYEXA U. and S...................................... .... .. .... 1007 
Dors~l yiew of a specimen from the Stones River group in Calhoun county, 

IlIlllOlS. The upper slope of the whorls is more convex than in O. subconica. 
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Figs. 1 to 4 
1 and 2 
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Fig. 7 

Figs. 8 to 10 
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OLATHROSPIRA CONICA U. and S........ . . . . . . . . . .. . 1008 

Basal ~n~ dorsal views of a rather small cast of 'th~' i'~t~;i~;'" 'T'r'e'~t~~' g~~'~p 
(FusI.splra bed), near Cannon Falls, Minnesota. 

A testlferous ~xample from the. Ctenodont.a oed of ~he Black River group, at 
Ohatfield, Mmnesota. As usual the surface markmgs are very imperfectly 
preserved. 

Small por~ion showing. weather~d surface markings, and profile outline of last 
:-vhorl, xli, as shown lil a speclmen from Goodhue county where it was found 
1U the Otenodonta bed. 

CLATHROSPIHA SUBCONICA Hall . (See al;~ 'p\~t~ 'LXI'X:)' .................................... . 
Surface markmgs ann profile outline of last whorl of a small but well preserved 
.ex~mple, x2. Black River limestone, Tennessee. 

SimIlar, figures .taken from a young example found in the upper member of 
.the b~one~ Rl ver group near Lebanon, Tennessee. In this specimen the 
revolvlDg hnes on the upper slope appear not to cross the lines of growth. 

PLETHOSPIHA STRIATA Ulrich ..................................................... . 
Apertural view. of. an i~lperfect specimen, showing the comparatively low spire 
a~d coarse nb-hke hnes of growth which are characteristic of the species. 
RIchmond group, Butler county, Ohio. 

PLETHOSPIRA SEMELE Hall ...................................................... . 
View of an incomplete example, preserving the surface markings. Utica'group, 

near Graf, Iowa. • 
Portion of last whorl of same magnified. 
A cast o~ the interior from the same locality, doubtfully referred to this species. 

GeologIcal and Natural History Survey of Minnesota, Museum Register No. 
7334. In another cast the peripheral band is not fiat but almost as distinctly 
coneave as on the exterior of the shell. 

1006 

1011 

1010 

Figs. 11 and 12 SEELYA MUNDULA Ulrich ........................................................ . 
Two specimens of this species, the second somewhat shortened by pressure 

1012 

Figs. 13 and 14 

Figs. 15 to 17 
15 

16 and 17 

Figs. 18 to 36 
18 and 19 

20 to 22 

23 to 25 

26 to 29 

30 to 36 

from the lower half of the Lorraine group at Newport, Kentucky. ' 

HORlIlOTOMA TRENTONENSIS U. and S .............. , ............................. . 
Two views ?f a rather R~all but almost perfect cast of the interior, retaining, 

as shown lD fig. 13, remalDS of the regular surface markings. Fusispira bed of 
the Trenton group, Wykoff, Minnesota. 

HORlIlOTOl\IA BELLIOINCTA Hall.. .. . . . . . .. .. . .................................... . 
An average cast of the interior of this species, showing that it has a wider apical 

angle and more depressed and. tp.erefore, relatively more numerous volutions 
than H. tJ'eiltonen.~is. Clitambonite'l bed of the Trenton group, Goodhue county, 
Minnesota. 

Another specimen, from the same locality. retaining some of the surface 
markings. The greater part of tbe last whorl is broken away so as to expose 
(see fig. 17) the filling of the small umbilical perforation. 

HORMOTOl\IA GRACILIS Hall, and varieties ......................................... . 
Two views, natural size and a PQrtion magnified, of a specimen of what we regard 

as the typical form of this species. Utica group, Graf, Iowa. Geological and 
Natural History Survey of Minnesota, Museum Register No. 7337. 

Three specimens selected from a number which were found in association with 
var. multivolvis in the Richmond group near Spring Valley, Minnesota. The 
first is very much like the var. angustata (Hall), the second is a typical g1'C!Cilis, 
the third has unusually angular whorls and may be compared with 
var. subanglllatrt. See figs. 42 and 48. 

Three figures of the var. sublaxa, The first i~ made up of the apical portion of 
one specimen and the lower whorls of another, and shows the relatively loose 
coiling of the whorls and the re~ulting oblirluity of the sutures which distin
guishes this variety from the others. The second figllfe represents the two 
lower whorls of same, x2, while the third figllfe represents a portion of another 
specimen also x2. Both of these fig?-res show that the ~and i~ considerably 
wider than in other forms of the speCIes. Trenton formatIOn, Lmcoln coun ty, 
Missouri. 

Four figures of the var. nwltivolvis. The first represents an almost entire shell, the 
second and third OPPOSite v.iews o.f a le.ss p~rf~ct e,xample, tl!e fourth an unusu
ally small specimen. ThIS vanety IS dlstmgu.lshed by ItS more numerous 
whorlR. Richmond group, near Spnng Vall.ey, ~IDneso~a. . . 

Seven figures of specimens which we have I~en~lfied WIth the .varlety of thIS 
species which Hall described in 1847 as JtIH1'ch~sonta angustatct. Flg. 30 represents 
a weathered example from the Stones B:iver gr~up, a~ High Bridge, Ke~tucky. 
The original of fig. 31 is.a gutta perc~a l~preSSl?~ of a natural ~1~uld In rock 
from an equivalent hOrIzon at Belolt, WisconslD, that of fig. ~2 IS from t):1e 
Phylloporina bed of the Black River gr.oup ~ear Cannon ~alls, Mmnesota. Fig. 
33 shows two whorls, x2, of a Black Rlver hmestOf!e speCImen from T~nnessee. 
Figs. 34 and 35 represent OPPOSite views of two speCImen~ from t~e UtICa group 
at Newport, KentucI{y, and fig. 36 the lower part of a thud speCImen from thiS 
locality. The last shows the form of the apertural notch. 
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OLATHROSPIRA CONIC A U. and S 1008 
Basal !ln~ dorsal views of a rathe~ 's~~il' 'c'~;t 'of 't'h~' i'~t~;i~;:' 'T'r'e'~t~~' g'r~'~p 

(FusI.splra bed), near Cannon Falls, Minnesota. 
A testlferous ~xample from the Ctenodonta oed of the Black River group at 

Ohatfleld, MInnesota, As usual the surface markings are very imperfe~tly 
preserved. 

Small por~ion showing. weather~d surface markings, and profile outline of last 
:whorl, x~, as shown In a speclmen from Goodhue county where it was found 
In the Otenodonta bed. 

CLATHROSPIHA SUBCONICA
S 

HalL ............................ ,.... .... .... .... .. .... 1006 
( ee also plate LXIX.) 

Surface markings ano profile outline of last whorl of a small but well preserved 
.ex~mple, x2. Black River limestone, Tennessee. 

SImIlar, figures .taken from a young examnle found in the upper member of 
the b~one~ RIver group near Lebanon, Tennessee. In this specimen the 
revolvJng lInes on the upper slope appear not to cross the lines of growth. 

PLETHOSPlRA STRIATA Ulrich ................... ,................. 1011 
Apertural view. of. an i~llperfect specimen, showing the compar~'t'i ~~iy' i~~; ~p'i~e 
a~d coarse nb-lIke II nes of growth which are characteristic of the species. 
RIchmond group, Butler county, Ohio. 

PLE!HOSPIRA. SEMELE Hall...... .... .... .... .... .... .... .. .... . . .. . . .. . .. . .... .... 1010 
Vlew of an Incomplete example, preserving the surface markings. Utica group, 

near Graf, Iowa. • 
Portion of last whorl of same magnified. 
A cast o~ the interior from the same locality, do.ubtfully referred to this species. 

GeologIcal and Natural HIstory Survey of MInnesota, Museum Register No. 
7334. In another cast the peripheral band is not flat but almost as distinctly 
concave as on the exterior of the shell. 

Figs. 11 and 12 SEELYA MUNDULA Ulrich.. .... .. ........ .......... .......... ....... .............. 1012 

Figs. 13 and 14 

Figs. 15 to 17 
15 

16 and 17 

Figs. 18 to 36 
18 and 19 

20 to 22 

23 to 25 

26 to 29 

30 to 36 

Two specimens of this species, the second somewhat shortened by pressure 
from the lower half of the Lorraine group at Newport, Kentucky. ' 

HORlIlOTOMA TRENTONENSIS U. and S.. . ....... , ... , ............................. . 
Two views ?f a rather s~all but almost perfect cast of .the interior, retaining. 

as shown In fig. 13, remaIns of the regular surface markIngs. Fusispira bed of 
the Trenton group, Wykoff, Minnesota. 

HORlIlOTOMA BELLICINCTA Hall.. .. . . . . . .. .. . ..... , .............................. . 
An average cast of the interior of this species, showing that it has a wider apical 

angle and more depresoed and. tp.erefore, relatively more numerous volutions 
than B. tl'eiltonen.~is. Clitambonite, bed of the Trenton group, Goodhue county, 
Minnesota. 

Another specimen, from the same locality. retaining some of the surface 
markings. The greater part of the last whorl is broken away so as to expose 
(see fig. 17) the filling of the small umbilical perforation. 

HORMOTOlllA GRACILIS Hall, and varieties ......................................... . 
Two views, natural size and a PQrtion magnified, of a specimen of what we regard 

as the typical form of this species. Utica group, Graf, Iowa. Geological and 
Natural History Survey of Minnesota, Museum Register No. 7337. 

Three specimens selected from a number which were found in association with 
var. multivolvis in the Richmond group near Spring Valley, Minnesota. The 
first is very much like the var. angustClta (Hall), the second is a typical g1'C!Cilis, 
the third has unusually angular whorls and may be compared with 
var. subangltZatrt. See figs. 42 and 48. 

Three figures of the vaL sublaxa. The first i~ made up of the apical portion of 
one specimen and the lower whorls .of another, aorl shows the relat~vely ,Io?se 
coiling of the whorls and the re~ultmg ol)II(lulty of the sutures whIch dIstIn
guishes this variety from the others. The second figure represents the two 
lower whorls of same, x2, while the third figure represents a portion of another 
specimen also 1'2. Both of these flg';lres show that the ~and i:, considerably 
wider than in other forms of the speCIes. Trenton formatIOn, Llllcoln county, 
Missouri. 

Four figures of the var. multivolvis. The first represents an almost entire shell, the 
second and third opposite v:iews o.f a le.ss p:rf~ct e,xample, tl}e fourth an unusu
ally small specimen. ThIS vanet,Y IS dlstmgu,lshed by ItS more numerous 
whorlR. Richmond group, near Spnng Vall.ey, ~Inneso~a. . . 

Seven figures of specimens which we have l~en~lfied WIth the .varlety of thIS 
species which Hall described in 1847 a3 Jt[w'chtsonw angustata. Flg. 30 represents 
a weathered example from the Stones R:iver gr~up, a~ High Bridge, Ke~tucky. 
The original of fig. 31 is.a gutta perc?a l~preSSI?~ of a natural J?~uld III rock 
from an equivalent honzon at BelOIt, WIsconslD, that of fig. ~2 IS from t?e 
Phylloporina bed of the Black River group near Cannon Falls, MlDnesota. FIg. 
33 shows two whorls, x2, of a Black Ri ver limesto~e specimen from T~nnessee. 
Figs. 34 and 35 represent opposite views of two speClmen~ from t~e UtIca group 
at Newport, Kentuc!,y, and fig. 36 the lower part of a thud speclmen from thIS 
locality. The last shows the form of the apertural notch. 
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Figs. 37 to 41 HORMoToMA SUBANGULATA U. and S. '" ............................ : ... ~. .... .. 1016 

37 Cast of the interior, apparently of this species. Clitambonites bed of the Tren-
ton group, Cannon Falls, Minnesota. 

38 A small testiferous specimen from the Ctenodonta bed of the Black River group, 
Goodhue county, Minnesota. . 

39 and 40 Two "Views of a larger example. Ctenodonta bed at Chatfield, MlUnesota. 
41 Two whorls of the original of fig. 38, x2, showing band and surface markings. 

Figs. 42 and 43 HORMOTOMA GRACILIS var. GOODHUENSIS U. and S... ............................ 1015 
Tw(! specimens found in the Phylloporina bed of the Black River group near 

Cannon Falls, Minnesota. 

Figs. 44 to 51 
44 to 47 

48 

49 

50 

51 

Figs. 52 to 55 
52 
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Figs. 56 to 60 
56 and 57 

58 

59 and 60 

Figs. 61 to 63 

Figs. 64 and 65 
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Figs. 66 and 67 
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HORMOTO~IA SALTERI Ulrich ...................................................... 1016 
A series of four specimens selected from several hundred to show variation in the 

rim-like thickening of the upper edge of the whorls in the typical form of this 
species. Fig. 44 is the most like the var. canadensis (Murchisonia [Hormotoma] 
gracilis Salter, not Hall sp.) in which the rim is scarcely distinguishable. Upper 
part of Trenton group, Mercer county, Kentucky. 

Two whorls of the original of fig. 47, x2, to ~how the surface markings, band and 
outlinR of whorls more distinctly. 

A small imperfect specimen, x2, of var. tennesseensis, from the Black River 
limestone of Tennessee. Has finer and more equal lines of growth than the 
typical form of species. 

Doubtful specimen from the same formation and state as the preceding. The 
shell is too thick and the whorls relatively too high. 

A third fragment from this locality that is doubtful because the band i:> too 
wide. A fourth example from the same locality seems to be identical with the 
var. canadensis. 

SOLENOSPIRA PRISCA Billings sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1022 
Silicified specimen of var. extenuata. Lower division of the Stones River group 

at Murfreesboro, Tennessee. 
Diagrammatic figure made up from gutta percha impressions of several incom

plete moulds of the exterior collected at Beloit and Janesville, Wi8consin. 
Two whorls of the Tennessee form, x2. 
Three whorls of the· northwest ern form, x2, showing that they are relatively 

wider than in the Tennessee variety. 

SOLENOSPIRA PAGODA Salter...... .... .... ..... .. .... ............................ 1022 
Two views of a fragment, showing the form of the mouth, the four revolving 

cariUffi and several of the fine lines of growth. The latter show that the outer 
lip is notched and that the space between the central pair of ridges represents 
a true slit· band. Phylloporina bed of the Black River group, near Cannon 
Falls, Minnesota. 

Same specimen in another view, x2, to show the form of the volutions more 
clearly and to admit of easier comparison with S. prisca. 

The apical portioo, natural size,.and two whorls x2, of a specimen from an equiv
alent horizon at Porter's station in Wisconsin. Collection of Wisconsin 
State University. 

CCELOCAULUS CEHLERTI Ulrich.................................................... 1020 
Two casts of the interior and the base of one, showing the numerous depressed 

whorls and the narrow umbilical perforation. Trenton group, Jo Daviess 
county, Illinois. 

OJ\lOSPIRA LATICINCTA Ulrich ...... :................................... .... ....... 945 
A large testiterious example of this species, imperfect below and at the apex. 

Black River limestone, Tennessee. 
A slightly oblique view from above of a portion of the last whorl of same x2 

showing the course of tbe regular lines of growth. ' , 

O~lOSPIRA ALEXANDRA Bi.llings sp. ................ .............................. 946 
A n imperfect silicified shell of this species, from the top of the Black River lime-

stone of Mercer county, Kentucky. The whorls are more rounded than in the 
preceding species. 

A cast of the interior from the same formation at Dixon, Illinois, doubtfully 
referred to this species. . 

Figs. 68 and 69 EOTOJ}IARIA ELEV ATA Ulrich ......... ,............................................ 1005 
Two views of the nearly entire type of this species. Trenton group, Hartsvill~, 

Tennessee. 
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37 Cast of the interior, apparently of this species. Clitambonites bed of the Tren-
ton group, Cannon Falls, Minnesota. 

38 A small testiferous specimen from the Ctenodonta bed of the Black River group, 
Goodhue county, Minnesota. . 

39 and 40 Two views of a larger example. Ctenodonta bed at Chatfield, Mlllnesota. 
41 Two whorls of the original of fig. 38, x2, showing band and surface markings. 
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TW(l specimens found in the Phylloporina bed of the Black River group near 
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HORMOTOMA SALTERI Ulrich ..................................................... . 
A series of four specimens selected from several hundred to show variation in the 

rim-like thickening of the upper edge of the whorls in the typical form of this 
species. Fig. 44 is the most like the var. canadensis (Murchisonia [Ho1'motoma] 
gracilis Sal ter, not Hall sp.) in which the rim is scarcely distinguishable. Upper 
part of Trenton group, Mercer county, Kentucky. 

Two whorls of the original of fig. 47, x2, to show the surface markings, band and 
outlinr- of whorls more dis tinctly. 

A small imperfect specimen, x2, of var. tennesseensis, from the Black River 
limestone of Tennessee. Has finer and more equal lines of growth than the 
typical form of species. 

Doubtful specimen from the same formation and state as the preceding. The 
shell is too thick and the whorls relatively too high. 

A third fragment from this locality that is doubtful because the band is too 
wiele. A fourth example from the same locality seems to be identical with the 
var. canadensis. 

SOLENOSPIRA PRISCA Billings sp ................................................. . 
Silicified specimen of var. extenuata. Lower division of the Stones River group 

at Murfreesboro, Tennessee. 
Diagrammatic fig-ure made up from gutta percha impressions uf several incom

plete moulds of the exterior collected at Beloit and Janesville, Wisconsin. 
Two whorls of the Tennessee form, x2. 
Three whorls of the, northwestern form, x2, showing that they are relatively 

wider than in the Tennessee variety. 

SOLENOSPIRA PAGODA Salter .................................................... . 
Two views of a fragment, showing- the form of the mouth, the four revolving 

carinffi :l.nd several of the fine lines of growth. The latter show that the outer 
lip is notched and that the space between the central pair of ridges represents 
a true slit-band. Phylloporina bed of the Black River group, near Cannon 
Falls, Minnesota. 

Same specimen in another view, x2, to show the form of the volutions more 
clearly and to admit of easier comparison with S. pl'isca, 

The apical portion, natural size, and two whorls x2, of a specimen from an equiv
alent horizon at Porter's station in Wisconsin. Collection of Wisconsin 
State University. 

CCELOCAULUS CEHLERTI Ulrich ................................................... . 
Two casts of the interior and the base of one, showing the numerous depressed 

whorls and the narrow umbilical perforation. Trenton group, Jo Daviess 
county, Illinois. 

Oll10SPIRA LATICINCTA Ulrich ...... .' ............................................. . 
A large testiterious example of this species, imperfect below and at the apex. 

Black River limestone, Tennessee. 
A slightly oblique view from above of a portion of the last whorl of same, x2 

showing the course of the regular lines of growth. ' 

OJlIOSPIRA ALEXANDRA Billings sp. ................ . ............................ . 
An imperfect silicified shell of th is species, from the top of the Black River lime

stone of Mercer county, Kentucky. The whorl~ are more rounded than in the 
preceding species. 

A cast of the interior from the same formation at Dixon, Illinois, doubtfully 
referred to this species. 
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Figs. 68 and 69 EOTOMARIA ELEVATA Ulrich ........ ".......... .......... .................... .... 1005 
Two views of the nearly entire type of this species. Trenton group, Hartsvill"l, 

Tennessee. 
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Figs. 1 and 2 LOPHOSPIRA AUGUSTIN A Billings sp............................................... 987 
Two figures of a rather large cast of the interior of the Minnesota form which we 

Figs. 3 and 4 
3 

4 

Figs. 5 to 7 
5 

6 
7 

refer to this species. Fig. ~ shows the filling of the umbilical perforation. 
Maclurea bed of the Trenton group, Stewartsville, Minnesota. 

LOPHOSPIR.A .AUGUSTIN.A var. MINNESOTENSIS U. and S .. _. .. ...... .... .. .......... 988 
A large specimen of this variety, from the same locality as the preceding. The 

outline restoration of the aperture may not be entirely correct. 
A smaller specimen, also a cast of the interior; from the same locality. The 

smallest two whorls are restored from another specimen. 

IIORlIIOTOM.A (?) MAJOR Hall 3p ...... 00 00 .. 00 ................ 001). .. .. .. .. .. .. .. ... 1018 
The last four whorls of a cast of the interior that we believe to belong to this 

species. Trenton group, Pike county, Missouri. Geological and Natural His-
tory Survey of Minnesota, Museum Register No. 7842. 

Outline of outer lip of same, showing the broad sinus or notch. 
Last two whorls of a specimen retaining part of the shell, but so ill preserved 

that not a trace of surface markings remains. The specimen is important, 
however, because it shows the external character of the sutures. Maclurea bed 
of the Trenton group, Olmsted county, Minn. Geological and Natural History 
Survey of Minnesota, Museum Register No. 7485. 
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Figs. 1 and 2 LOPHOSPIRA AUGUSTINA Billings sp.................................... ........... 987 

Figs. 3 and 4 
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Figs. 5 to 7 
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Two figures of a rather large cast of the interior of the Minnesota form which we 
refer to this species. Fig. 2 shows the filling of the umbilical perforation. 
Maclurea bed of the Trenton group, Stewartsville, Minnesota. 

LOPHOSPIRA AUGUSTIN A var. lIIlNNESOTENSIS U. and S...... ...... .... ............ 988 
A large specimen of this variety, from the same locality as tbe preceding. The 

ou tline restoration of the aperture may not be entirely correct. 
A smaller specimen, also a cast of the interior; from the same locality. The 

smallest two whorls are restored from another specimen. 

HORTIIOTOllIA (?) lHAJOR Hall 3p ................................ 1). ................. 1018 
The last four whorls of a cast of the interior that we believe to belong to this 

species. Trenton group, Pike county, Missouri. Geological and Natural His-
tory Survey of Minnesota, Museum Register No. 7842. 

Outline of outer lip of same, showing the broad sinus or notch. 
Last two whorls of a specimen retaining part of the shell, but so ill preserved 

that not a trace of surface markings remains. The specimen is important, 
however, because it shows the external character of the sutures. Maclurea bed 
of the Trenton group, Olmsted county, Minn. Geological and Natural History 
Survey of Minnesota, Museum Register No. 7485. 
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'LOPHOSPIRA BICINCTA Hall sp.......... ........................................ 964 

A perfect silicified shell of this species, from the lowest member (Safford's Central 
limestone) of the Stones River group, at Murfre<sboro, Tennessee. 

Portion of the last whorl of same, x2, showing the direction and regularity of the 
lines of growth. 

Right side of last whorl of fig. 1, x2. 
A large cast of the interior, on which some of the external lines of growth are 

obscurely preserved. Stones Ri ver group, Beloit, Wisconsin. 
Vertical section of an elongated specimen. Stones River group, Dixon, Illinois. 

LOPHOSPIRA OBLIQUA U. and S. .............. .... .... .... .... .... .. .... .... .... .... 967 

Views of three specimens of this species. The general aspect is precisely as in L. 
bicincta, but the lines of growth are constantly morc oblique beneath the 
peripheral angJe and of a different character. Stones Ri ver and Trenton groups, 
Mercer county, Kentucky. 

Fig. 9 LOPHOSPIRA PROCERA Ulrich ................................... ,. ..... .... .. .... .. 968 

View of the type of this species, the basal portion restored in outline. Stones 
River group, Murfreesboro, Tennessee. 

Figs. 10 and 11 LOPHOSPIRA QUADRISULCATA U. and S................ ........................... 967 

Figs. 12 to 15 
12 and 13 

14 
15 

Figs. 16 to 19 
16 

17 and 18 

19 

Figs. 20 to 24 
20 and 21 

22 and 23 

24 

Figs. 25 to 28 
25 and 26 

27 

28 

Figs. 29 to 32 
29 
30 

"'~ c, 31 
32 

Opposite views of an excellent example of this species. Richmond group, Spring 
Valley, Minnesota. 

LOPHOSPIRA HUMILIS Ulrich.... .. .... ..... .. . .. ..... . ........................... . 
Opposite views of a rather small specimen. 'l'renton group, near Burgin, 

Kentucky. 
Same specimen, x2, to show the lines of growth. 
Right side of laf\t whorl of fig. 12, x6. 

LOPHOSPIRA CONCINNULA U. and S ................................................ . 
A testiferous specimen from the Ctenodonta bed at St. Paul, Minnesota, showing 

the usual size and appearance. 
OpPoRite views of a smaller specimen from the same bed near Cannon Falls, Min-

nesota, 
Portion of last whorl of same ~6, showing the direction and regularity of the 

lines of growth, the extremely fiDe revolving Jines and the form and character 
of the peripheral band 

LOPHOSPIRA FILLMORENSIS U. and S .......................... , ................... . 
Opposite views of two casts of the interior. Fusispira bed, Trenton group, 

Wykoff, Minnesota. 
A testiferous specimen from the same horizon near Fountain, Minnesota, natural 

size and a portion of the last whorl x2. The latter shows the surface markings 
which consist of rather coarse and distant lines of growth and a much finer 
intermediate set. 

The last whorl of a cast from the Wykoff locality, on which the stronger set of 
surface markings are rather distinctly reproduced. 

LOPHOSPIRA HELICTERES var. WISCONSINENSIS U. and S .................. ·· ..... . 
Two views of a cast of the interior of medium size. The apertural portion is 

perfect but the closely coiled upper whorls are broken away. Stones River 
group, Bt:lloit, Wisconsin. 

A smaller cast from the same horizon at MinneapoliR. Geological and Natural 
History Survey of Minnesota, Museum Register No. 6858. 

Small portion of the last whorl of another cast of the interior, showing strong, 
even lines of growth. From the same horizon at Dixon, Illinois. 

LOPHOSPIRA CONRADANA U. and B ............................................ . 
A nearly complete cast of the interior. Stones River group, Minneapolis. 
Under side of another cast from the same locality, showing the strong convexity 

of the under side of the whorls and a faint indication of the ridge which 
surrounds t,be umbilical cavity on the exterior of the shell. 

Anotber view of the original of fig. 29 to show anterior outline of tbe outer lip. 
The body whorl of another cast from MinneapoliS sbowing, besides obscure 

lines of growth, a faint ridge beneath the peripheral carina. The latter is 

rarely seen on casts. 
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A perfect silicified shell of this species, from the lowest member (Safford's Central 
limestone) of the Stones River group, at Murfre<stJoro, Tennessee. 

Portion of the last whorl of same, x2, showing the direction and regularity of the 
lines of growth. 

Right side of last whorl of fig. 1, x2. 
A large cast of the interior, on which some of the external lines of growth are 

obscurely preserved. Stones Ri ver group, Beluit, Wisconsin. 
Vertical section of an elongated specimen. Stones River group, Dixon, Illinois. 

LOPHOSPIRA OBLIQUA U. and S. .............. .... .... .... .... .... .. .... .... .... .... 967 
Views of three specimens of this species. The general aspect is precisely as in L. 

bicincta, but the lines of growth are constantly more oblique beneath the 
peripheral angle and of a different character. Stones Ri ver and Trenton groups, 
Mercer county, Kentucky. 

Fig. 9 LOPUOSPIRA PROCERA Ulrich...................................................... 968 
View of the type of this species, the basal portion restored in outline. Stones 

Ri ver group, Murfreesboro, Tennessee. 

Figs. 10 and 11 LOPHOSPIRA QUADRISULCATA U. and So,o, ........... , ........................... 967 

Figs. 12 to 15 
12 and 13 

14 
15 

Figs. 16 to 19 
16 

17 and 18 

19 

Figs. 20 to 24 
20 and 21 

22 and 23 

24 

Figs. 25 to 28 
25 and 26 

27 

28 

Fig~. 29 to 32 
29 
30 

.,.'" 31 
32 

Opposite views of an excellent example of this species. Richmond group, Spring 
Valley, Minnesota. 

LOPHOSPIRA HUJlULIS Ulrich ..................................................... . 
Opposite views of a rather small specimen. 'l'renton group, near Burgin, 

Kentucky. 
Same specimen, x2, to show the lines of growth. 
Right side of last whorl of fig. 12, x6. 

LOPHOSPIRA CONCINNULA U. and S ............................................... . 
A testiferous specimen from the Ctenodonta bed at St. Paul, Minnesota, showing 

the usual size and appearance. 
Opposite views of a smaller specimen from the same bed near Cannon Falls, Min

nesota. 
Portion of last whorl of same ~6, showing the direction and regularity of the 

lines I)f growth, the extremely fine revolving-lines and the form and character 
of the peripheral banc1 

LOPHOSPIRA FILLMORENSIS U. and S .......................... , ...... , " .... " .. '" 
Opposite views of two casts of the interior. Fusispira bed, Trenton group, 

Wykoff, Minnesota. 
A testiferous specimen from the same horizon near Fountain, Minnesota, natural 

size and a portion of the last whorl x2. The latter shows the surface markings 
which consist of rather coarse and distant lines of growth and a much finer 
intermediate set. 

The last whorl of a cast from the Wykoff locality, on which the stronger set of 
surface markings are rather distinctly reproduced. 

LOPHOSPIRA HELICTERES var. WISCONSINENSIS U. and S ......................... . 
Two views of a cast of the interior of medium size. The apertural portion is 

perfect but the closely coiled upper whorls are broken away. Stones River 
group, Beloit, Wisconsin. 

A smaller cast from the same horizon at Minneapolis. Geological and Natural 
History Survey of Minnesota, Museum Register No. 6858. 

Small portion of the last whorl of another cast of the interior, showing strong, 
even lines of growth. From the same horizon at Dixon, Illinois. 
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LOPHOSPIRA CONRADANA U. and S.. ........................................... 979 
A nearly complete cast of the interior. Stones River group, Minneapolis. 
Under side of another cast from the same locality, showing the strong convexity 

of the under side of the whorls and a faint indication of the ridge which 
surrounds t,he umbilical cavity on the exterior of the shell. 

Another view of the original of fig. 29 to show anterior outline of the outer lip. 
The body whorl of another cast from Minneapolis showing, besides obscure 

lines of growth, a faint ridge beneath the peripheral carina. The latter is 
rarely seen on casts. 
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Figs. 33 to 35 LOPIIOSPIRA ('?) N01'ABILIS Ulrich.. ............................................... 990 
Three views of an almost perfect silicified shell of this remarkable species. 

Figs. 36 to 39 
36 and 37 

38 

39 

Blar;k River limestone of central Tennessee. 

LOPHOSPIRA Tl{OPIDOPHORA Meek sp., instead of MULTIGRUMA Miller~sp.* ...... . 
Opposite views of a large specimen showing the usual characters of the species. 

Lorraine group, Newport, Kentucky. 
Portion of the last whorl of a smaller example on which the surface markings 

are better preserved, x2. Richmond group, Butler county, Ohio. 
A variety from the Richmond group at Madison, Indiana, in which the whorls 

descend more slowly, causing a wider apical angle. 

1178 

Figs. 40 to 43 LOPHOSPIRA BOWDENI Satrord sp...... .............. .... ...... .... .... ............ 986 
40 A large specimen, imperfect at both ends, presenting the usual characters of 

41 and 42 

43 

Figs. 4± to 47 
44 and 45 

46 
47 

Figs. 48 to 50 
48 
49 

50 

Figs. 51 to 55 

f) 1 
5:l 

53 

54 

fl;j 

Figs. 56 to 59 
56 

57 
58 

59 

the species. Richmond group, Boyle county, Kentucky. 

Two specimens, from the same locality, showing the extremes, respecting the 
relative hight of the spire, so far observed. 

Last whorl, with aperture slightly restored, of the original of fig. 41. 

LOPHOSPIRA SPIRONElIIA U. and S ............................ · ... ·.··.············ 
Opposite views of a specimen from the Ctenodonta bed of the Black River 

group, at Chatfield, Minnesota. 
Another speeimen from the same bed near Cannon Falls, Minnesota. 
Portion of surface and outline of right side of last whorl of fig. 46, xlO, showing 

the delicate cancellation of the surface and the angular form of the peripheral 
band. 

LOPHOSPIRA TENUISTRIATA Ulrich ............................................ .. 
Nearly perfect example from the Utica group at Newport, Kentucky. 
The peripheral band of another specimen from the same locality, xlO. The 

fine revol ving lines which occur both above and beneath the band are not 
shuwn in the drawing. 

Small portion of the surface between the band and the lower angle, x10, 
showing the strong lamellar lines of growtb, fine intermediate lines, and an 
unusual degree of irregularity in the direction of the spiral lines. Tbe 
remarkable preservation of the more delicate markings on these specimens 
is due to the fact that they were protected by a tbin parasitic bryozoan 
(Leptotrypa davis Ulrich) which, on being removed, left them as distinct as 
during the life of the mollusk. 

983 

983 

LOPHOSPIltA SERRULATA Salter sp .............................................. , 968 
(See also plate LXXlII, fig, 57.) 

An a verage cast of the interior. Stones Ri ver group, Beloit, Wisconsin. 
The empty mould of the exterior of a specimen of about the salI\e size and 

character as tbat of which fig. 51 represents an internal cast. Beloit, 
Wisconsin. 

Gutta perch a impression of a natural mould of the exterior of a shell baving 
the whorl8 in con tact through a longer period than usual. Shows tbe wavy 
peripheral plate very distinctly. Janesville, Wisconsin. 

A small cast of the interior from MinneapoliS. The four or five other specimens 
of this species seen from the limestone at Minneapolis are all like this in 
size and character. 

The cast of the last whorl of an unusually large shell, figured so as to show 
the anter'or outline of the outer lip. (Compare with fig. 26.) Janesville, 
Wisconsin. 

LOPHOSPIRA (? SEELYA) LIRATA Ulrich............................................ 988 
A specimen with numerous spiral ridges on the basal part of the volutions. 

Utica group, Newport, Kentucky. 
Portion of the lower part, including the band, of the last whorl of same, x3. 
Part of the last whorl of a specimen of the form (var. obsoleta) baving but a 

single spiral line beneath the peripheral band, x3. Also from Newport, 
Kentucky, 

Upper surface of whorl viewed from above, x3, showing interpolation of striffi. 

* Since page 978 was printed we have come to the oonclusion that this species is not distinct from Meek's Pzeuroto
maria tropidop71Ora (Pal. Ohio, vol. 1, p. 154, pl. XIII, figs. 6a and 6b). Our references to the shell should therefore be 
corrected by changing the nfl.me to Lophospira tropidophora Meek sp. . 
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'l'hree views of an almost perfect silicified shell of this remarkable species. 
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Ela()k River limestone of central Tennessee. 

LOPHOSPIRA THOPIDOPHORA Meek sp., instead of MULTIGRUMA Miller~sp.* ....... 
a pposi te views of a large specimen showing the usual characters of the species . 

Lorraine group, Newport, Kentucky. 
Portion of the last whorl of a smaller example on which the surface markings 

are better preserved, x2. Richmond group, Butler county, Ohio. 
A variety from the Richmond group at Madison, Indiana, in which the whorls 

descend more slowly, causing a wider apical angle. 
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Figs. 40 to 43 LOPHOSPIRA BOWDENI Safford sp...... .... .......... .... ...... .... .... .. ........ .. 986 
40 A large specimen, imperfect at both ends, presenting the usual characters of 

4! and 42 

43 

Figs. 44 to 47 
44 anc] 45 

46 
41 

Figs. 48 to 50 
48 
49 

50 

Figs. 51 to 55 

bl 
52 

53 

54 

fl;3 

Figs. 56 to 59 
56 

51 
58 

59 

the species. Richmond group, Boyle county, Kentucky. 

Two specimens, from the same locality, showing the extremes, respecting the 
relative hight of the spire, so far observed. 

Last whorl, with aperture slightly restored, of the original of fig. 41. 

LOPHOSPIRA SPIRONElIIA U. and S ............................ · ... ·.··.············ 
Opposite views of a specimen from the Ctenodonta bed of the Black River 

group, at Chatfield. Minnesota. 
Another specimen from the same bed near Cannon Falls, Minnesota. 
Portion of surface and outline of right side of last whorl of fig. 46, xlO, showing 

the delicate cancellation of the surface and the angular form of the peripheral 
band. 

LOPHOSPIRA TENUISTRIATA Ulrich ............................................ .. 
Nearly perfect example from the Utica group at Newport, Kentucky. 
The peripheral band of another speCimen from the same locality, xlO. The 

flne revolving lines which occur both above and beneath the band are not 
shown in the drawing. 

Small portion of the surface between the band and the lower angle, xlO, 
showing the strong lamellar lines of growth, fine intermediate lines, and an 
unusual degree of irregularity in the direction of the spiral lines. The 
remarkable preservation of the more delicate markings on these specimens 
is due to the fact that they were protected by a thin parasitic bryozoan 
(Leptotrypa clavis Ulrich) which, on being removed, left them as distinct as 
during the life of the mollusk. 

983 

983 

LOPHosPIHA SERRULATA Salter sp .............................................. , 968 
(See also plate LXXlII, fig. 57.) 

An average cast of the interior. Stones River group, Beloit, Wisconsin. 
The empty mould of the exterior of a specimen of about the sa~e size and 

character as that of which Ilg. 51 represents an internal cast. Beloit, 
Wisconsin. 

Gutta percha impression of a natural mould of the exterior of a shell having 
the whorls in contact through a longer period than usual. Shows the wavy 
peripheral plate very distinctly. Janesville, Wisconsin. 

A small cast of the interior from Minneapolis. The four or five other specimens 
of this species seen from the limestone at Minneapolis are all like this in 
size and character. 

The cast of the last whorl of an unusually large shell, figured ElO as to ~how 
the anteror outline of the outer lip. (Compare with Ilg. 26.) Janesville, 
Wisconsin. 

LOPHOSPIRA (?SEELYA) LIRATA Ulrich...... ..... ..... .... .... .... .... .... ........ 988 
A specimen with numerous spiral ridges on the basal part of the volutions. 

Utica group, Newport, Kentucky. 
Portion of the lower part, including the band, of the last whorl of same, x3. 
Part of the last whorl of a specimen of the form (var. obsoleta) having but a 

single spiral line beneath the peripheral band, x3. Also from Newport, 
Kentucky. 

Upper surface of whorl viewed from above, x3, showing interpolation of strire. 

* Since page 978 was printed we have come to the oonclusion that this species is not distinct from Meek's PLeuroto
maria tropidopllOra (Pal. Ohio, vol. 1, p. 154, pl. XIII, figs, 6a and 6b). Our references to the shell should therefore be 
corrected by changing the n"me to Lophospira tropldophora Meek sp. -
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2 and 3 
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5 and 6 
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Fig. 8 

Fig. 9 

Fig. 10 
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LOPHOSPIRA PERANGULA'l'A Hall sp............................................... 972 

Apertural view of a rather large specimen. 
Opposite views of two small shells. 
An unusually large specimen, the last whorl of which is free. 
Two specimens of the average size, the first with the apical angle a trifle wider 

than usual. 
Under side of a specimen showing the umbilicus. Stones River group (Safford's 

"Oentrallimestone "), Murfreesboro, Tennessee. 

LOPHOSPIRA ACUMINATA U. and S. (or var. of PERANGULATA) ..................... 973 
An excellent specimen of this variety, from tbe Richmond group, near Rich· 

mond, Indiana. 

LOPHOSPIRA CENTRALIS Ulrich ........... 0 •• 0 •••••••••••• 0 •••• 0 ••••••••••• 0 0 • • • • • • 979 
Dorsal view of the largest and best of seven specimens of this species. Safford's 

"Oentrallimestone" of the Stones River group, Murfreesboro, Tennessee. 

LOPHOSPIRA DECURSA Ulrich ................ 00 •••••••••••• 0 ••••••••••••••• 00 ••• 0. 975 
Anterior view of the best of two specimens, the outer side of the aperture 

restored. Trenton group, Burgin, Kentucky. The comparative flatness of the 
upper slopes and the hight of the spire, considering the size of the mouth, are 
the principal peculiarities when compared with species like L. perangulata. 

Figs. 11 to 14 LOPHOSPIRA ELEVATA U. and S.. ... .. . . . . . . .. . . . . . . .. . . . . . . . . .. . . . . . .. . . . . .. . . . .. . 977 
11 An imperfect silicified shell from the upper part of the Trenton group near Bur· 

gin, Kentucky. This specimen may not belong to this species. 
12 Oast of the interior of this species. Fusispira hed, Trenton group, Decorah, 

13 and 14 

Figs. 15 to 17 
15 

16 and 17 

Figs. 18 to 20 
18 and 19 

20 

Iowa. Geological and Natural History Survey of Minnesota, Museum Register 
No. 7370. 

Opposite views of another cast, this being from the same horizon.as the preced· 
ing, at Kenyon, Minnesota. 

LOPHOSPIRA PERACUTA U. and S .................................................. . 
An unusually depressed specimen. Most of the specimens found with this are 

like the next, only not so large. Black River shales (Rhinidictya bed), St. Paul, 
Minnesota. 

Opposite views of the specimen which we regard as the type of the species. It is 
from the upper division of the Stones River group, at Lebanon, Tennessee. 

LOPHOSPIRA SUMNERENSIS Safford spo ........................ 0 ••••••••• 0 •••••••••• 

Opposite views of the original type of this excellent species. Upper part of Tren· 
ton group, Sumner county, Tennessee. 

Another good specimen from the same locality. 

976 

978 

Fig. 21 LOPHOSPIRA PRODUCTA Ulrich ..................... 0 .... .. .. .... .... .... .... .. .. • • 975 
Apertural view of the type of this important species. Trenton group, Nashville, 

Tennessee. 

Fig. 22 LOPHOSPIRA CONOIDEA Ulrich .................................................... · 976 

Figs. 23 to 29 
23 to 26 

27 

28 
29 

Front view showing the general form, umbilicus and inner lip of the type of this 
species. Trenton group, Nashville, Tennessee. 

LOPHOSPIRA :MEDIALIS U. and S ......... 0 0 •••••••••••••••••••••••••••••• 0 ••••••• " 

Four representative speCimens, showing slight variation in the apical angle and 
in other unimportant respects. Upper Trenton, near Burgin, Kentucky. 

An example from middle Tennessee, agreeing in every respect with the Ken· 
tucky types of the species. 

Under side of a cast of the interior. 
Part of the last whorl of another Kentucky specimen retaining the lamellose sur

face markings in an unusually good state of preservation; x2. 

973 
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LOPHOSPIRA. PERANGULA'l'A Hall sp .................................. " .. .... .... . 972 

Apertural view of a rather large specimen. 
Opposite views of two small shells. 
An unusually large specimen, the last whorl of which is free. 
Two specimens of the average size, the first with the apical angle a trifle wider 

than usual. 
Under side of a specimen showing the umbilicus. Stones River group (Safford's 

"Central limestone "), Murfreesboro, Tennessee. 

LOPHOSPIRA ACUMINA'l'A U. and S. (or var. of PERANGULA'l'A) ..................... 973 
An excellent specimen of this variety, from the Richmond group, near Rich

mond, Indiana. 

LOPHOSPIRA CEN'l'RALIS Ulrich.................................................... 979 
Dorsal view of the largest and best of seven specimens of this species. Safford's 

"Central limestone" of the Stones River group, Murfreesboro, Tennessee. 

LOPHOSPIRA DECURSA Ulrich......................................... ............ 975 
Anterior view of the best of two specimens, the outer side of the aperture 

restored. Trenton group, Burgin, Kentucky. The comparative flatness of the 
upper slopes and the hight of the spire, considering the size of the mouth, are 
the principal peculiarities when compared with species like L. perangulata. 

LOPHOSPIRA ELEV A'l'A U. and S ................................................... . 
An imperfect silicified shell from the upper part of the Trenton group near Bur

gin, Kentucky. This specimen may not belong to this species. 
Cast of the interior of this species. Fusispira hed, Trenton group, Decorah, 

Iowa. Geological and Natural History Survey of Minnesota, Museum Register 
No. 7370. 

Opposite views of another cast, this being from the same horizon.as the preced
ing, at Kenyon, Minnesota. 

LOPHOSPIRA PERACU'l'A U. and S .................................................. . 
An unusually depressed specimen. Most of the specimens found with this are 

like the next, only not so large. Black River shales (Rhinidictya bed), St. Paul, 
Minnesota. 

Opposite views of the specimen which we regard as the type of the species. It is 
from the upper division of the Stones River group, at Lebanon, Tennessee. 

LOPHOSPIRA SUMNERENSIS Safford sp ............................................. . 
Opposite views of the original type of this excellent species. Upper part of Tren

ton group, Sumner county, Tennessee. 
Another good specimen from the same locality. 

977 

976 
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Fig. 21 LOPHOSPIRA PRODUC'l'A Ulrich...................... .... .. .. .... .... .... .... .. .. . . 975 
Apertural view of the type of this important species. Trenton group, Nashville, 

Tennessee. 

Fig. 22 LOPHOSPIRA CONOIDEA Ulrich .................................................... · 976 
Front view showing the general form, umbilicus and inner lip of the type of this 

species. Trenton group, Nashville, Tennessee. 

Figs. 23 to 29 LOPHOSPIRA MEDIALIS U. and S...... ............................................. 973 
23 to 26 Four representative specimens, showing slight variation in the apical angle and 

in other unimportant respects. Upper Trenton, near Burgin, Kentucky. 
27 An example from middle Tennessee, agreeing in every respect with the Ken-

tucky types of the species. 
28 Under side of a cast of the interior. 
29 Part of the last whorl of another Kentucky specimen retaining the lamellose sur-

face markings in an unusually good state of preservation; x2. 
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Figs. 46 to 48 
46 and 47 
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Figs. 49 to 51 
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Figs. 52 to 54 
52 

53 and 54 
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LOPHOSPIRA MEDIALIS var. BURGINENSIS Ulrich ...............•................. '.' 974 

An average example of this variety, x2, showing that it differs from the typical 
form, with which it is associated, in having a distinct lower carina. 

Represents a specimen that agrees very well with this variety excepting that it is 
much larger than the average and has a wider apical angle. Burgin, Kentucky. 

LOPHospmA PERFORATA U. and S ................................................ . 
Cast of the interior, almost entire. The hight or the lower whorl is somewhat 

less than normal, because of pressure. Trenton group (Galena limestone), Jo 
Daviess county, Illinois. 

Three views of the last whorl of another cast from the same locality, with 
dimensions normal. A thin spiral line should have been drawn in the middle 
of the base of the body whorl in fig. 35. 

LOPHOSPIRA AllNORMIS Ulrich.... . . . . . .. . ........................................ . 
Two casts of the interior in lateral and basal views, the former showing the 

decided increase of the apical angle with the growth of the last whorl. Top of 
Trenton at Covington, Kentucky. 

Surface markings of last whorl of a testiferous example, magnified. 
Contour of right side of a whorl of same, magnified. 

LOPHOSPIRA OWENI U. and S .............. · .... · ................................. . 
Outline view of a specimen from the Ctenodonta bed of the Black River group at 

Chatfield, Minn8sota. 
The lower whorl of a specimen from the same horizon near Cannon Falls, Minne

sota, showing the ridge-like swelling about the minute umbilicus. 
A second specimen from this locality having an unusually strong swelling or 

ridge along the upper edge of the wborls. 
Opposite views of an average example. Near Cannon Falls, Minnesota. 

LOPHOSPIRA PULCIIELLA U. and S ............................................... . 
Two specimens, x:l, showing the features which readily distinguish this pretty 

shell from L. medialis var. bW'ginensis, with which it is commonly associated. 
Upper Trenton, Burgin, Kentucky. 

One of a number of specimens from the Richmond group at Spring Valley, Min
nesota, which we cannot distinguish from this species; x2.The angles are 
rounded through maceration. 

LOPHOSPIHA SAFFORDI Ulrich ..................................................... . 
A specimen with half of the last whorl missing, yet showing all the essential 

characters of this fine species. Both the upper and lower angles are 
~constantJy developed, and therein lies the most obvious of the differences 
between L. saffoTCli and L. oweni. Trenton group, Davidson county, Tennessee. 

A more perfect and somewhat wider specimen from the same locality. 
A third example from the locality mentioned. 

LOPIIOSPIRA Al\IPLA Ulrich ........................................................ . 
Apertural view of a large specimen that, excepting that its spire is unusually 

depressed, may be considered as fairly typical of the species. Richmond 
group, Boyle county, Kentucky. 

Opposite views of a rather large example of the lower variety. Lorraine group, 
Newport, Kentucky. 

LOPHOSPIRA PERLAMELLOSA Ulrich ............................................... . 
A specimen of this species, natural size and x2, showing the strongly lamellose 

surface markings and the remarkably produced and twist.ed basal extremity. 
Richmond group, Butler county, Ohio. 

984 

974 

980 

982 

982 

981 

985 

Fig. 57 LOPHOSPIRA SERRULATA Salter sp..................... ............................ 968 
(See also plate LXXII, figs. 51-!'i5.) 

Fragment of a natural mould of the exterior, showing the lines of growth 
on somewhat less than half of the under side of the last whorl and an 
impression of the broad peripheral frill with its oblique plications. Stones 
River group, Dixon, Illinois. 

PAGE. 
Figs. 30 and 31 

30 
LOPHOSPIRA MEDIALIS var. BURGINENSIS Ulrich ............... , ................. '.' 974 

:31 

Figs. 32 to 35 
32 

33 to 35 

Figs. 36 to 40 
36 to 38 

39 
40 

Figs. 41 to 45 
41 

42 

43 

44 and 45 

An average example of this variety, x2, showing that it differs from the typical 
form, with which it is associated, in having a distinct lower carina. 

Represents a specimen that agrees very well with this variety excepting that it is 
much larger than the average and has a wider apical angle. Burgin, Kentucky. 

LOPHOSPIl{A PERFORATA U. and S ................................................ . 
Cast of the interior, almost entire. The hight of the lower whorl is somewhat 

less than normal, because of pressure. Trenton group (Galena limestone), Jo 
Daviess county, Illinois. 

Three views of the last whorl of another cast from the same locality, with 
dimensions normal. A thin spiral line should have been drawn in the middle 
of the base of the body whorl in fig. 35. 

LOPHOSPIRA ABNORllUS Ulrich.... ... . . .. . ........................................ . 
Two casts of the interior in lateral and basal views, the former showing the 

decided increase of the apical angle wi~h the growth of the last whorl. Top of 
Trenton at Covington, Kentucky. 

Surface markings of last whorl of a testiferous example, magnified. 
Contour of right side of a whorl of same, magnified. 

LOPHOSPIRA OWENI U. and S .................................................... . 
Outline view of a specimen from the Ctenodonta bed of the Black River group at 

Chatfield, Minnesota. 
The lower whorl of a specimen from the same horizon near Cannon Falls, Minne

sota, showing the ridge-like swelling about the minute umbilicus. 
A second specimen from this locality having an unusually strong swelling or 

ridge along the upper edge of the whorls. 
Opposite views of an average example. Near Cannon Falls, Minnesota. 

984 

974 

980 

Figs. 46 to 48 LOPHOSPIRA PULCIIELLA U. and S ............... _ .......... .................. .... 982 
46 and -17 Two specimens, x2, showing the features which readily distinguish this pretty 

shell from L. medialis var. bW'ginensis, with which it is commonly associated. 
Upper Trenton, Burgin, Kentucky. 

48 One of a number of speCimens from the Richmond group at Spring Valley, Min-
nesota, which we cannot distinguish from this species; x2.The angles are 
rounded through maceration. 

Figs. 49 to 51 LOPHOSPIRA SAFFORDI Ulrich.................. .... .... ... . . . .... .. .... .... .... .... 982 
49 A specimen with half of the last whorl missing, yet showing all the essential 

characters of this fine species. Both the upper and lower angles are 
~constantly developed, and therein lies the most obvious of the differences 
between L. saffo'I'Cli and L. oweni. Trenton group, Davidson county, Tennessee. 

50 A more perfect and somewhat wider specimen from the same locality. 
51 A third example from the locality mentioned. 

Figs. 52 to 54 LOPHOSPIRA AlIIPLA Ulrich......................................................... 981 
52 Apertural view of a large specimen that, excepting that its spire is unusually 

depressed, may be considered as fairly typical of the species. Richmond 
group, Boyle county, Kentucky. 

53 and 54 Opposite views of a rather large example of the lower variety. Lorraine group, 
Newport, Kentucky. 

Figs. 55 and 56 LOPHOSPIRA PERLAlIfELLOSA Ulrich................................................ 985 
A specimen of this species, natural size and x2, showing the strongly lamellose 

surfar,e markings and the remarkably produced and twist.ed basal extremity. 
Richmond group, Butler county, Ohio. 

Fig. 57 LOPHOSPlRA SERRULATA Salter sp..................... ............................ 968· 
(See also plate LXXII, figs. 51-05.) 

Fragment of a natural mould of the exterior, showing the lines of growth 
on somewhat less than half of the under side of the last whorl and an 
impression of the broad peripheral frill with its oblique plications. Stones 
River group, Dixon, Illinois. 
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4 ECCYLIOPTERUS BELOITENSIS U. and S.................... ....................... 10::12 
(See also plate LXII, fig. 70.) 

,Four views of a cast of the interior. Lines of growth are indicated on the 
outer half of the last turn, somewhat ob~cureJy, it is true, yet unmistakably. 
Stones Ri ver group, Beloit, Wisconsin. 

Figs. 5 and 6 ECCYLIOPTERUS TlUANGULUS Whitfield sp........................................ 10:31 
(8ee also plate LXII, fig. 73.) 

Two views of a cast of the interior. There is some doubt respecting the 
character of the inner whurl. It may form a closely coiled nucleus, but we 
doubt it. Oalciferous formation. Providence Island, Vermont. 

Figs. 7 to 9 ECCYLIOPTERUS VOLUTATUS Whitfield sp............................... .... .... .. 1031 
(See also plate LXII, figs. 71-72.) 

7 Lateral view of a cast of the interior, preserving a portion of the" collar-like" 
upper ca·rina. Oalciferous formation, Fort Oassin, Vermont. 

8 Under side of another cast from the same localit.v. 
9 Small portion of the shell from the inner or r~ther upper slope, beginning at 

the inner basal angle and extending upward almost to the base of the 
"collar." Shows the strong anterior convexity of the lines of growth. Fort 
Oassin, Vermont. 

Figs. 10 to 14 ECCYLIOPTERUS OWENANUS Meek and Worthen sp.......... ... .... .... .... ...... 1032 
10 Lateral view of a cast of the interior including the enormous "collar" The 

stony matter which lies upon the concave spire is not represented in the 
drawing, causing the latter to appear like the shell itself. Fusispira bed of 
the Trenton group, Wykoff, Minnesota. 

n Vertical section of another specimen from Wykoff. 
12 and 13 Lateral and basal views of a cast or the interior from the same locality. This 

specimen represents the usual mode of occurrence, very few of the examples 
seen giving any idea of the high "collar" into which the outer angle is 
continued in the shell itself. 

14 Upper side of a specimen from the shaly portion of the Fusispira bed in 
Goodhue county. Shows an impression of the" collar" on the inner turns. 

Fig. 15 HELICOTOMA PLANULATA val'. ROBUSTA U. and S ............... , .. "" .... .... .. 1033 
Lateral view of the specimen described. 

Figs. 16 and 17 HELICOTOMA PLANULATA Salter ..................................... " .. .... .... .. 1033 

Lateral and basal views of a typical example of this species. Black River 
limestone, Pauquette's Rapids, Canada. 

Figs. 18 and 19 HELICOTOMA VERTICALIS Ulrich..... .... .. .... .... .... ..... . .... ........ .... .. .... 1035 

Figs. 20 to 24 
20 

21 to 23 
24 

Figs. 25 to 27 

Figs. 28 to 30 

(See also plate LXII, fig. 69.) 
Basal and lateral views or a cast of the interior. Stones River group, High 

Bridge, Kentucky. 

HELICOTOMA TENNESSEENSIS Safford ........................................ · ... ·· 
Upper side of a good silicified shell, showing the small channel along the inner 

edge of the whorls which appears to be always present and readily serves in 
distinguishing this species from H. planulatoicles. Stones River group, Mur
freesboro, Tennessee. 

~hree views of another specimen, from the same locality. 
The upper angle and portions of the surface on each side of it, x2. 

HELICOTOMA UMBILICATA U. and S ............................................... . 
(See also plate LXII, fig. 68.) 

Three views of the largest specimen seen. Stonp.s River group, near La Salle, 
Illinois. 

1034 

1034 

HELICOTOMA PLANULATOIDES Ulrich.............. .... .... .. .... .. .. .... .. .... .... 1034 

Three views of an entire silicified specimen. Black River group, Mercer county, 
Kentucky. 
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4 ECCYLIOPTERUS BELOITENSIS U. and S.................... ....................... lO;~2 
(See also plate LXII, fig. 70.) 

·Four views of a cast of the interior. Lines of growth are indicated on the 
outer half of the last turn, somewhat ob~cureJy, it is true, yet unmistakably. 
Stones River group, Beloit, Wisconsin. 

Figs. 5 and 6 ECCYLIOPTERUS TlUANGULUS Whitfield sp........................................ 10:31 
(See also plate LXII, fig. 73.) 

Two views of a cast of the interior. There is some doubt respecting the 
character of the inner whorl. It may form a closely coiled nucleus, but we 
doubt it. Oalciferous formation, Providence Island, Vermont. 

Figs. 7 to 9 ECCYLIOPTEHUS VOLUTA'l'US Whitfield sp............................... .... ...... 1031 
(See also plate LXII, figs. 71-72.) 

7 Lateral view of a cast of the interior, preserving a portion of the" collar-like" 
upper carina. Oalciferous formation, Fort Oassin, Vermont. 

8 Under side of another cast from the same localitN. 
9 Small portion of the shell from the inner or r~ther upper slope, beginning at 

the inner basal angle and extending upward almost to the base of the 
"collar." Shows the strong anterior convexity of the lines of growth. Fort 
Oassin, Vermont. 

Figs. 10 to 14 ECCYLIOPTERUS OWENANUS Meek and Worthen sp............. ... . .... .... .... .. 1032 
10 Lateral view of a cast of the interior including the enormous "collar." The 

stony matter which lies upon the concave spire is not represented in the 
drawing, causing the latter to appear like the shell itself. Fusispira bed of 
the Trenton group, Wykoff, Minntsota. 

11 Vertical section of another specimen from Wykoff. 
]2 and 13 Lateral and basal views of a cast or the interior from the same locality. This 

specimen represents the usual mode of occurrence, very few of the examples 
seen giving any idea of the high "collar" into which the outer angle is 
continued in the shell itself. 

14 Upper side of a specimen from the shaly portion of the Fusispira bed in 
Goodhue county. Shows an impression of the" collar" on the inner turns. 

Fig. 15 HELICO'l'OMA PLANULA'l'A yar. ROBUS'l'A U. and S....... ......................... 1033 

Lateral view of the specimen described. 

Figs. 16 and 17 HELICOTOMA PLANULATA Salter................................................... 1033 

Lateral and basal views of a typical example of this species. Black River 
limestone, Pauquette's Rapids, Canada. 

Figs. 18 and 19 HELICOTOMA VERTICALIS Ulrich .................................. , . ..... .... .. .... 1035 

Figs. 20 to 2<1 
20 

21 to 23 
24 

Figs. 25 to 27 

(See also plate LXII, fig. 69.) 
Basal and lateral views or a cast of the interior. Stones Riyer group, High 

Bridge, Kentucky. 

HELICOTOMA TENNESSEENSIS Safford ............................................ ·· 
Upper side or a good silicified shell, showing the small channel along the inner 

edge of the whorls which appears to be always present and readily serves in 
distinguishing this species from R. planulatoides. Stones River group, Mur
freesboro, Tennessee. 

'.I;;hree views of another specimen, from the same locality. 
The upper angle and portions of the surface on each side of it, x2. 

HELICOTOMA UMBILICATA U. and S ............................................... . 
(See also plate LXII. fig. 68.) 

Three views of the largest specimen seen. StonAs River group, near La Salle, 
Illinois. 

Figs. 28 to 30 HELICOTOMA PLANULATOIDES Ulrich ............................................ .. 
Three views of an entire silicified specimen. Black River group, Mercer county, 

KentUCky. 
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1034 

1034 



Figs. 31 to 33 
31 and 32 

33 

Figs. 34 to 38 
34 

35 to 38 

PAGl!:. 
HELICOTOMA SUBQU ADRATA Ulrich.............. .... .. .. . .. .. . .. .. . . . . .. .. .. .. .. .. 1033 

Lateral and basal views of a specimen. The central ridge in fig. 31 is probably 
abnormal. 

Lateral view of another specimen from Murfreesboro, Tennessee, with rather 
obscure revolving lines on the v~rtical side. 

HELICOTOMA DECLIVIS Safford.... . . . . . . . . . . . . . . . . . . . . . . . . .. .. . ... .. .. .. .. .... .... 1036 
Upper side of a small but well preserved example of this sb..trply defined species. 

Lower di vision of the Stones River group, Murfreesboro, Tennessee. 
Four views of an average Rpecimen, from the same locality. Among the peculiar

ities that should be especially noted, is the even slope of the umbilical cavity, 
in the bottom of which the inner whorls are not distinguishable. 

Fig. 39 HELICOTOMA MARGINATA Ulrich.................................................. 1036 
Upper side of a specimen adhering to a piece of the limestone matrix. Beneath 

the figure, a line showing profile. Top of Richmond group, near Richmond, 
Indiana. 

Figs. 40 to 42 and 47 QPHILETINA SUBLAXA U. and S................. .. ....................... ,"'.030 
40 Upper side and a section of tbe free whorl of a testiferous example of the tYPiC:'~'!' 

form; from the Stones River group at Dixon, Illinois. 
41 Portion of the free whorl of same, x2, showing the surface markings from.above. 
42 Upper side and section of free whorl of a silicified specimen of the var. depressa, 

from Murfreesboro, Tenne,see. As may be seen at. once by comparing the 
transverse sections, the free whorl in this specimen is narrower than in tbe 
Illinois specimen. 

47 Portion of the upper side of the outer whorl of a specimen from Mineral Point, . 
Wisconsin, x3. Geological and Natural History Survey of Mionesota, Museum 
Register No. 7302. 

Figs. 43 to 46 QPHILETINA ANGULARIS U. and S................................................. 1031 
43 to 46 Four views of the type of this species, x2. Phylloporina bed of the Black River 

Figs. 48 to 52 
48 

49 and 50 
51 and 52 

Figs. 53 to 56 

group, near Cannon Falls, Minnesota. 

ECCYLIOMPHAL us CONTIGUUS Ulrich .................... " ....................... . 
Apertural view of a specimen having the inner wborls sligbtly raised above the 

plane of tbe outer one. Lower division of tbe Stones River group, Murfrees
boro, Tennessee. 

So mew bat restored views of the upper and lower sides of a larger specimen. 
Two views of a small example having the inner wborls sligbtly depressed. 

..................................................................................... 
Four views of three specimens of a totally unplaced gastropodous shell. Ricb

mond group, Boyle county, Kentucky. 

1037 

. , 

Figs. 31 to 33 
31 and 32 

33 

PAGE. 
HELICOTOMA SUBQUADRATA Ulrich ................................................ 1033 

Lateral and basal views of a specimen. The central ridge in fig. 31 is probably 
abnormal. 

Lateral view of another specimen from Murfreesboro, Tennessee, with rather 
obscure revol ving lines on the v~rtical side. 

Figs. 34 to 38 HELICOTOMA DECLIVIS Safford ........................................ .. .. .. .. .... 1036 

Fig. 

Figs 

34 

35 to 38 

Upper side of a small but well preserved example of this shJ.rply defined species. 
Lower di vision of the Stones River group, Murfreesboro, Tennessee. 

Four views of an average specimen, from the same locality. Among the peculiar
ities that should be especially noted, is the even slope of the umbilical cavity, 
in the bottom of which the inner whorls are not distinguishable. 

39 HELICOTOllfA llfARGINATA Ulrich.................................................. 1036 
Upper side of a specimen adhering to a piece of the limestone matrix. Beneath-

the figure, a line showing profile. Top of Richmond group, near Richmond, 
Indiana. 

40 to 42 and 47 OPHILETINA SUBLAXA U. and S................. . ........................ ""~30 
40 Upper side and a section of the free whorl of a testiferous example of the typiC:-!,. ... 

form; from the Stones Ri vel' group at Dixon, Illinois. 
41 Portion of the free whorl of same, x2, showing the surface markings from above. 
42 Upper side and section of free whorl of a silicified specimen of the var. depressa, 

from Murfreesboro, Tenne,see. As may be seen at. once by comparing the 
transverse sections, the free whorl in this specimen is narrower than in the 
Illinois specimen. 

47 Portion of the upper side of the outer whorl of a specimen from Mineral Paint, . 
Wisconsin, x3. Geological and Natural History Survey of Minnesota, MuseulIl 
Register No. 7302. 

Figs. 43 to 46 OPHILETINA ANGULARIS U. and S................................................ 1031 
43 to 46 Four views ()f the type of this species, x2. Phylloporina bed of the Black River 

group, neal' Cannon Falls. Minnesota. 

Figs. 48 to 52 ECCYLIOllfPHAL us CONTIGUUS Ulrich...................... . . . . . . . . .. . . . . . . . . .. .. . . 1037 
48 Apertural view of a specimen having the inner whorls slightly raised above the 

plane of the outer one. Lower division of the Stones River group, Murfrees
boro, Tennessee. 

49 and 50 Somewhat restored views of the upper and lower sides of a larger specimen. 
51 and 52 Two views of a small example having the inner whorls slightly depressed. 

Figs. 53 to 56 ..................................................................................... 
Four views of three specimens of a totally unplaced gastropodous shell. Rich

mond group, Boyle county, Kentucky. 
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Figs. 1 to 4 MACLUREA DEPRESSA D. and S ...................................................... 1040 

2 to 4 

Figs. 5 to 10 
5 to 8 

Lateral view of a cast of the interior. Stones River group (Vanuxemia bed), Min
neapolis, Minnesota. 

Three views of another cast from Minneapolis. Geological and Natural History 
Survey of Minnesota, Museum Register No. 6868. 

MACLUREA BIGSBY I Hall ......................................................... . 
Four views of a specimen, from the Stones River group at Beloit, Wisconsin, 

somewhat better preserved than usual. A considerable portion of the upper 
side is a cast of the exterior and therefore retains some of the surface mark
ings. Geological and Natural History Survey of Minnesota, Museum Register 
No. 7308. 

9 The outer line represents a transverse section of the outer whorl of the same 
specimen, while the inner lip is a similar section of a specimen of M. nitidu U. 
and S. 

10 A small specimen from Dixon, Illinois, figured for comparison with M. nitiiu. It. 
may be well to point out that the umbilicus is wider and the whorls lower than 
in that species. 

1039 

Fig. 11 MACLUREA NITIDA U. and S. .. .. .. . .. .. . . . . . . .. .. .... . ......................... :. _ 1040 

Figs, 12 to 14 
12 and 13 

14 

Upper side of one of the largest specimens, showing the rather small umbilicus 
and r~gular lines of growth. Stones River gr'mp, Mineral Point. Wisconsin. 
Geological and Natural History Survey of Minnesota, Museum Register No. 
7356. The inner line of fig. 9 represents the outline of the aperture of this spec-
imen. 

MACLUREA CRASSA U. and S ..................................................... . 
Upper and lower sides of an entire cast of the interior. The obtm\e central angu

lation of the whorls is not quite as abrupt in fig. 12 as it should be (see'tdp of 
fig. 14). Trenton group, Lime City, Minnesota. Geological and Natural His-
tory Survey of Minnesota, Museum Register No. 8442. 

Transverse section of the outer whorl of "ame. The lower line at the bottom of 
the figure represents the outline of this part of the whorl in a specimen from 
Wykoff, Minnesota. 

1040 

Figs. 15 and 16 MACLUREA CRASSA var. MACRA U. and S..................... ..................... 1040 

Figs. 17 and 18 
17 

18 

Figs. 19 to 23 
19 

20 

21 and 22 
23 

The upper side and a lateral view of the type of this variety. Fusispira bed of 
the Trenton group, Hader, Minnesota. 

ECCYLIOMPHALUS SUBROTUNDUS U. and S ..................................... . 
Lateral view of a cast of the interior, showing the rounded section of the 

shell and the elevated line near the base of the inner side. Fusispira ben 
of the Trenton group, Wykoff, Minnesota. 

Upper side of same, showing the deep sinus in the upper lip. 

ECCYLIOMPHALUS UNDULATUS Hall .............................................. . 
'The lower side of a specimen which retains some of the shell in good condition. 

Stones River group, Lebanon, Tennessee. 
Lateral view of same showing cicabrices where foreign particles had formerly 

been attached. 
OppOSite lateral views of an incomplete cast of the interiOr. l3eloit, Wisconsin. 
'l;'ransverse section near the mouth of same, 

1037 

1036 
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Figs. 1 to 4 MAcLuREA DEPRESSA Do and S ..................................................... , 1040 

2 to 

Lateral view of a cast of the interior. Stones River group (Vanuxemia bed), Min
neapolis, Minnesota. 

4 Three views of another cast from Minneapolis. Geological and Natural History 
Survey of Minnesota, Museum Register No. 6868. 

Figs. 5 to ]0 
5 to 8 

MACLUREA BIGSBYI Hall 0 •••••••• 0 •••••••••••••••••••••••• 0 •••••• o. 0 •••••••• 0 ••••• 

Four views of a specimen, from the Stones River group at Beloit, Wisconsin, 
somewhat better preserved than usual. A considerable portion of the upper 
side is a cast of the exterior and therefore retains some of the surface mark
ings. Geological and Natural History Survey of Minnesota, Museum Register 
No. 7308. 

9 The outer line represents a transverse section of the outer whorl of the same 
specimen, while the inner lip is a similar section of a specimen of M. nitida U. 
and S. 

10 A small specimen from Dixon, Illinois, figured for comparison with M. nitida. It 
may be well to point out that the umbilicus is wider and the whorls lower than 
in that species. 

1039 

Fig. 11 MAoLuREA NITIDA U. and S ............... 0 • • .. ...... .. ............ 0 ........... ' '. 1040 

Figs. 12 to 14 
12 and 13 

14 

Upper side of one of the largest specimens, showing the rather small umbilicus 
and r<'gular lines of growth. Stones River gfiJUp, Mineral Point, Wisconsin. 
Geological and Natural History Survey of Minnesota, Museum Register No. 
7356. The inner line of fig. 9 represents the outline of the aperture of this spec-
imen. 

MACLUREA CRASSA U. and Soo ........ ' .... 0 •••••• 0" 0 ••••• 0 •••••••• 0 ••••• 0 ••••••• 

Upper and lower sides of an entire cast of the interior. The obtmle central angu
lation of the whorls is not quite as abrupt in fig. 12 as it should be (see'top of 
fig. 14). Trenton group, Lime Oity, Minnesota. Geological and Natural His-
tory Survey of Minnesota, Museum Register No. 8442. 

Transverse section of the outer whorl of "arne. The lower line at the bottom of 
the figure represents the outline of this part of the whorl in a specimen from 
Wykoff, Minnesota. 

1040 

Figs. 15 and 16 MACLUREA ORASSA val'. llIACRA U. and S ....... , ........... o .................... o. 1040 

Figs. 17 and 18 
17 

18 

Figs. 19 to 23 
19 

20 

21 and 22 
23 

The upper side and a lateral view of the type of this variety. Fusispira bed of 
the Trenton group, Hader, Minnesota. 

ECCYLIOMPHALUS SUBROTUNDUS U. and S ....... 0 ............................. . 

Lateral view of a cast of the interior, showing the rounded section of the 
shell and the elevated line near the base of the inner side. Fusispira ben 
of the Trenton group, Wykoff, Minnesota. 

Upper side of same, showing the deep sinus in the upper lip. 

ECCYLIOMPHALUS UNDULATUS Hall .............................................. . 
The lower side of a specimen which retains some of the shell in good condition. 

Stones River group, Lebanon, Tennessee. 
Lateral view of same showing Cicatrices where foreign particles had formerly 

been attached. 
Opposite lateral views of an incomplete cast of the interior. Beloit

l 
Wisconsin. 

Transverse section near the mouth of same. 

1037 

1036 
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Figs. 1 to 3 MACLURINA CUNEATA Whitfield.............................................. ..... 1042 
(See also plate LXXXII.) 

1 Upper side of an average cast of the interior of this common species, showing the 
small umbilicus. 7 mm. less than natural size. Geological and Natural His
tory Survey of Minnesota, Museum Register No. 8440. 

2 and 3 The lower side and a lateral view of another specimen. 5 mm. less than natural 
size. Maclurea bed of the Trenton group, Stewartsville, Minnesota. Geologi
cal and Natural History Survey of Minnesota, Museum Register No. 8441. 

Figs. 4 and 5 MACLURINA MANITOBJ1:NSIS Whiteaves............................................. 1041 
(See also plate LXXXIl.) 

Two views of a cast of the interior. Trenton group, Lime City, Minnesota. 
Geological and Natural Hist.ory Survey of Minnesota. Museum Register No. 
4105. 

Figs. 6 to 8 TROCHONEMA OBSOLETUM Ulrich................................................... 1054 
6 A finely preserved example of the natural size. Uppe.Trenton, near Burgin, 

Kentucky. 
7 Lateral view of same x2.5, showing surface markings and obsolescence of 

revolving ridges on t,he last whorl. The ridges are quite distinct on turns 
preceding the last. 

8 Basal view of same x1.8. 

Figs. 9 and 10 
9 

10 

Figs. 11 to 15 
11 to 14 

15 

TROCHONEMA ARCTATUM Ulrich ..•..........................•.................... 
Outline view of the type of this species. Trenton group, near Burgin, Kentucky. 
Apertural view of same x2. A few of the fine lines of growth are faintly indicated. 

The peripheral band is unusually narrow for species of this genus, and might 
easily be mistaken for the band of a pleurotomarian shell. 

TROCHONE~IA ROBBINSI U. and S ................................................. . 
Four views of a large cast, in part both interior and exterior, imperfect at both 

extremities. The even slope of the surface from the suture to the peripheral 
band is one of the most :>triking features. Fusispira bed, Wykoff, Mhmesota. 
Geological and Natural History Survey of Minnesota, Museum Register No. 7516. 

A small cast of the interior from the same locality. 

1054 

1053 

Figs. 16 to ]8 TROCHONEMA NIOTA Hall sp ..................................................... ',' 1052 
Three views of the nearly entire cast of the interior upon which this speCies is 

founded. Stones River group, Beloit, Wisconsin. 
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Figs. 1 to 3 MACLURINA CUNEATA Whitfield........... ........................................ 1042 

1 

2 and 3 

(See also plate LXXXII.) 
Upper side of an average cast of the interior of this common species, showing the 

small umbilicus. 7 mm. less than natural size. Geological and Natural His
tory Survey of Minnesota, Museum Register No. 8440. 

The lower side and a lateral view of another specimen. 5 mm. less than natural 
size. Maclurea bed of the Trenton group, Stewartsville, Minnesota. Geologi
cal and Natural History Survey of Minnesota, Museum Register No. 8441. 

Figs. 4 and 5 MACLURINA MANITOBJ1)NSIS Whiteaves............................................. 1041 
(See also plate LXXXll.) 

Two views of a cast of the interior. Trenton group, Lime City, Minnesota. 
Geological and Natural History Survey of Minnesota. Museum Register No. 
4105. 

Figs. 6 to 8 TROCHONElIIA OBSOLETUlII Ulrich................................................... 1054' 
6 A finely preserved example of the natural size. Uppe. Trenton, near Burgin, 

Kentucky. 
7 Lateral view of same x2.5, showing surface markings and obsolescence of 

revol ving ridges on t,he last whorl. The ridges are quite distinct on turns 
preceding the last. 

8 Basal view of same x1.8. 

Figs. 9 and lO 
9 

10 

Figs. 11 to 15 
11 to 14 

15 

TROCHONEMA ARCTATUM Ulrich ...•.........................•...................• 
Outline view of the type of this species. Trenton group, near Burgin, Kentucky. 
Apertural view of same x2. A few of the fine lines of growth are faintly indicated. 

The peripheral band is unusually narrow for species of this genus, and might 
easily be mistaken for the band of a pleurotomarian shell. 

TROCHONElIIA ROBBINSI U. and S ................................................. . 
Four views of a large cast, in part both interior and exterior, imperfect at both 

extremities. The even slope of the surface from the suture to the peripheral 
band is one of the most ~triking features. Fusispira bed, Wykoff, Mianesota. 
Geological and Natural History Survey of Minnesota, Museum Register No. 7516. 

A small cast of the interior from the same locality. 

1054 

1053 

Figs. 16 to ]8 TROCHONEMA NIOTA Hall sp ..................................................... '.' 1052 
Three views of the nearly entire cast of the interior upon which this species is 

founded. Stones Ri ver group, BelOit, Wisconsin. 



~(iH\ll,N''''~ rr=ruJcr £JIllil\ruI\Y WUlliYi'J}£j]J.ID.. 

(n I r ", 13. 1 
\ '(H .. III. I 'UTE I.,X:\\"I 

, , 

" 

" 

" 

" 
"" t!\ 

, 
l 

... ~.--~ 
I 



• 

PLATE LXXVII. 
PAnE. 

Figs. 1 to S TROCHONEMA UMBILlCATUM Hall ................ 00 00 ..• 00......................... 1047 
1 Under side of a cast of the interior, Madurea bed, Treoton group, Stewartsville, 

Minnesota. 
2 Lateral view of another cast; from the same horizon at Hader. Minnesota. 
3 Gutta perch a cast of the exterior, the lower part of the figure restored; from the 

4 and 5 

6 

7 and 8 

Figs. 9 to 12 
9 

10 

11 
12 

Figs. 13 to 16 
13 

14 to 16 

Figs. 17 and 18 

Figs. 19 to 22 
19 

20 and 21 
22 

same horizon near Galena, Illinois. The surface markiogs, excepting 
occasionally on the base, are always fine and generally obscure in the Trenton 
variety. 

Front and basal views of an exc·llent, though rather small, silicified specimen of 
the variety canailensis. Black River or Stones River group. Pauquette's 
Rapids, Ottawa river, Canada. 

Sman portion of last whorl of same, magnified somewhat more than two 
diameters, showing the character and direction of the surface markings 
between the upper and lower carinre .. 

Basal and lateral views of a large cast of the interior of a Stones River group 
variety from middle Tennessee. The whorls spread more rapidly than they' 
should in T. umbilicatum but otherwise, especially in the direction of the lines of 
growth across the vertical face of the whorls, the agreement with this species is 
very close. This form may be distinguished a's var. latum. 

TROCHONEMA BEACHI? Whitfield .............. 00 00 00 .... 00 00 00 .... 00 ............ , 1048 
Gutta percha impression of a natural mold of the upper side, showing surface 

markings. On the vertical peripheral band the lines of growth lean backward 
about as in fig. 31 of this plate, not forward as in T. umbilicatum. Stones River 
group, Minneapolis, Minnesota. 

Cast of the interior from the same horizon at Janesville, Wisconsin, agreeing very 
well with Whitfield's figure of his T. beachi. 

Vertical section of the same species from Dixon, Illinois. 
Section of last whorl of fig. 10. 

TROCHONEMA FRAGILE U. and S ..................... 00 •....... 00 .......... 00 ...... 1050 
Lateral view of a cast of the interior. Clitambonites bed of the Trenton group, 

Cannon ]j'alls, Minnesota .. 
Three views of another cast; from Carroll county, Illinois. Like the other, this 

specimen shows the remarkable sharpness, considering that it is a cast, of the 
angles, and the narrowness of the sutural groove when compared with T. 
umbilicatum. 

TROCHONEMA ECCENTRICUM Ulrich ........... 00 ............................ 00 .. 00 1019 
Apertural and basal views of the best of three specimens from the upper division 

("Glade limestone") of the Stones River group near Lebanon, Tennessee. We 
would point out that the lines of growth lean forward on the peripheral band 

, about as in T. umbilicatum and that the present species is distinguished from 
that by the eccentricity of the umbilical ridge chiefly. 

TROCHONEMA RUGOSUM U. and S............. . .................................. . 
Gutta perch a impression showing part of the periphery and under side. Stones 

River group, MinneapoliS, Minnesota. 
Lateral and basal views of a cast of the interior from the same locality. 
Upper side of a small specimen which, though somewhat abra~ed, still re~ains 

some of the strong lines of growth; also from the Vanuxemla bed at Mmne-
apolis, Minnesota. 

1049 

Figs. 23 to 25 TROCHONEMA MADISONENSE Ulrich .......... ·.············ > •••••••••••••••••••••• 

Three views of the type of this species. The absence of a basal angulation diS
tinguishes it from all of the preceding forms. Richmond group, Madison, Indiana. 

10fi1 
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Figs. 1 to 
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S TROCHONElIfA Ul'dBILlCATUl'd Hall.................................................. 1047 
1 Under side of a cast of the interior, Madurea bed, Trenton group, Stewart~ville, 

Minnesota. 
2 Lateral view of another cast; from the same horizon at Hader. Minnesota. 
3 Gutta percha cast of the exterior. the lower part of the figure restored; from the 

same horizon near Galena, Iilinois. The surface markings, excepting 
occasionally on the base, are always fine and generally obscure in the 'I'renton 
variety. 

4 and 5 Front and basal views or an exc·llent, though rather small, silicitled specimen of 
the variety canadensis. Black River or Stones River group. PaU(luette's 
Rapids, Ottawa river, Canada. 

6 

7 and 8 

Figs. 9 to 12 
9 

10 

11 
12 

Small portion of last whorl of same, magnified somewhat more than two 
diameters, showing the character and direction of the surface markings 
between the upper and lower carinffi .. 

Basal and lateral views of a large cast of the interior of a Stones River group 
variety from middle Tennessee. The whorls spread more rapidly than they' 
should in T. umbilicatum but otherwise, especially in the direction of the lines of 
growth across the vertical face of the whorls. the agreement with this species is 
very close. This form may be distinguished a's var. latwn. 

TROCHONEl'dA BEACHI? Whitfield. . .. .... .. .... .. .... .. .... .... . .. . ... ....... ..... 1048 
Gutta percha impression of a natural mold of the upper side, showing surface 

markings. On the vertical peripheral band the lines of growth lean backward 
about as in fig. 31 of this plate, not forward as in T. umbilicatum. Stones River 
group, Minneapolis, Minnesota. 

Cast of the interior from the same horizon at JaneSVille, Wisconsin, agreeing very 
well with Whitfield's figure of his T. beachi. 

Vertical section of the same species from Dixon, Illinois. 
Section of last whorl of fig. 10. 

Figs. 13 to 16 TROCHONEl'dA FRAGILE U. and S............................. .... .... .............. 1050 

13 

14 to 16 

Figs. 17 and 18 

Figs. 19 to 22 
19 

20 and 21 
22 

Figs. 23 to 25 

Lateral view of a cast of the interior. Clitambonites bed of the Trenton group, 
Cannon Falls, Minnesota .. 

Three views of another cast; from Carroll county, Illinois. Like the other, this 
specimen shows the remarkable sharpness, considering that it is a cast, of the 
angles, and the narrowness of the sutural groove when compared with T. 
umbilicatum. 

TROCHONEMA ECCENTRICUl'd Ulrich .............................................. . 
Apertural and basal views of the best of three specimens from the upper di vision 

(" Glade limestone "J of the Stones River group near Lebanon, Tennessee. We 
would point out that the lines of growth lean forward on the peripheral band 
about as in T. umbilicatum and that the present species is distinguished from 
that by the eccentricity of the umbilical ridge chiefly. 

TROCHONEMA RUGOSUM U. and S............. . .................................. . 
Gutta percha impression showing part of the periphery and under side. Stones 

River group, Minneapolis, Minnesota. 
Lateral and basal views of a cast of the interior from the same locality. 
Upper side of a small specimen which, though somewhat abra~ed, still re~ains 

some of the strong lines of growth; also from the Vanuxemla bed at Mmne-
apolis, Minnesota. 

TROCHONEMA MADISONENSE Ulrich ............ · ... ·.······,······················ 
Three views of the type of this species. The absence of a basal angulation dis
tinguishes it from all of the preceding forms. Richmond group, Madison, Indiana. 
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FigS. 26 to 29 

Figs. 30 to 34 
SO 

31 and 32 
33 

34 

Figs. 35 to 38 
35 to ::17 

38 

Figs. 39 to 41 

Figs. 42 and 43 

Figs. 44 and 45 

PJ,&l!l. 
TRocHoNEMA BELLULUM Ulrich .................................................... 1050 

Four views of the largest and relatively lowest of six specimens, all from the 
Stones River group, near Murfreesboro, Tennessee. It is to 1'Ie observed that 
this is not only a smaller type than '1'. eccentricum but that the lines of growth 
lean backward on the peripheral band instead of forward. The left side of the 
last whorl projects too far in fig. 26. 

TRocHoNEMA SUBORASSUM U. and S ........................... : ................. . 
Rather small silicified shell showing the under side. 
Twu views of a gutta percha impression, showing surface markings. 
A silicified specimen from which part of the shell has been removed. This speci

men shows that the shell is comparatively thick, the angles being very ob~use 
on the interior r.ast. 

Lateral view of the specimen of which fig. SO represents the under side. Upper 
part of Trenton group, Mercer COU?ty, Kentucky. 

TRocHoNEMA RETRORSUM U. and S.. . . . . . . . . . . . . . . . . . .. . ......................•.. 
Two lateral and a basal view of a testiferous example, showing the narrow and 
exceedingly abrupt umbilicus and the comparatively slight obliquity of the 
aperture. Black River group (Ctenodonta bed), Goodhue county, Minnesota. 

A strip across the last whorl of same and the right side in outline, x3. The lines 
of growth are very fine and regular. Their direction is peculiar; first because it 
is turned so strongly backward on the upper peripheral angle, and, second, 
because the backward sweep of the lines on the base is less than usual among 
Trochonemas of similar appearance. 

TROCHONEMA ALTUM U. and S .................................................... . 
Three views of a cast of the interior. Fusispira bed, Cannon Falls, Minnesota. 

TRocHoNEMA (EUNEMA) SAL'l'ERI U. and S.......... . . . . . . .. . . . . . . . . .. . ........ .. 
Opposite views of a cast of the exterior chiefly, showing general form of shell and 

lines of growth. Base of Fusispira bed, Cannon Falls, Minnesota. 

TROCHONEMA (E1JNEMA) NITIDU]}f Ulrich ........................................ , . 
OpPOSite views of an average specimen. Utica group, Covington, Kentucky. 

The dark lines crossing the last whorl of fig. 44 indicate merely the direction 
of the lines of growth. The latter are equal and exceedingly fine on the 
specimen. 

10)a 

1051 

1052 

1053 

1053 

Fig. 46 TRocHoNEMA v AGRANS U. and S.. .. .. . . .. .. .... .. .. . .. . .. .. .. .. .. .. . .. .. .. .. .. ... 1049 
(See also plate LXXVIII, figs. 10-13.) 

Gutta perch a impression of a natural mould of the spire, showing external form 
and surface markings of shell. Vanuxemia bed, MinneapOliS, Minnesota. 

• 

Figs. 26 to 29 

Figs. 30 to 34 
30 

31 and 32 
33 

34 

Figs. 35 to 38 
35 to 37 

38 

Figs. 39 to 41 

Figs. 42 and 4il 

Figs. 44 and 45 

PAGE. 
TROCHONEl'IIA BELLULUM Ulrich ........ ······· .......... ...... .................... 1050 

Four views of the largest and relatively lowest of six specimens, all from the 
Stones River group, near Murfreesboro, Tennessee. It is to Be observed that 
this is not only a smaller type than ']'. eccentricum but that the lines of growth 
lean backward on the peripheral band instead of forward. The left side of the 
last whorl projects too far in fig. 26. 

TROCHONEMA SUBCR~SSUM U. and S ............................................ .. 
Rather small silicified shell showing the under side. 
Two views of a gutta perch a impression, showing surface markings. 
A siliciflerl specimen from which part of the shell has been removed. This speci

men shows that the shell is comparatively thick, the angles being very obtuse 
on the interior cast. 

Lateral view or the specimen of which fig. 30 represents the under side. Upper 
part of Trenton group, Mercer couIlty, Kentucky. 

TROCHONEl'IIA RETRORSUl'II U. and S .................. ··· ........................ .. 
Two lateral and a basal view of a testiferous example, showing the narrow and 
exceedingly abrupt umbilicus and the comparatively slight obliquity of the 
aperture. Black River group (Ctenodonta bed), Goodhue county. Minnesota. 

A strip across the last whorl of same and the right side in outline, x3. The lines 
of growth are very fine and regular. Their direction is peculiar; first because it 
is turned so strongly lJackward on the upper peripheral angle, and, second, 
because the backward sweep of the lines on the base is less than usual among 
Trochonemas of similar appearance. 

THOCHONEMA ALTUl'II U. and S ............... " ................................... . 
Three views of a cast of the interior. Fusispira bed, Cannon Falls, Minnesota. 

TROCHONEl'IIA (EUNEl'IIA) SALTER! U. and S ..................................... .. 
Opposite views of a cast of the exterior chiefly, showing general form of shell and 

lines of growth. Base of Fusispira bed, Cannon Falls, Minnesota. 

TROCHONEllIA (EVNEl'IIA) NITIDUllf Ulrich ........................................ , . 
Opposite views of an average specimen. Utica group, Covington, Kentucky. 

The dark lines crossing the last whorl or fig. 44 indicate merely the direction 
of the lines of growth. The latter are equal and exceedingly fine on the 
specimen. 

10tH 

1051 

1052 

1053 

1053 

Fig. 46 TROCHONEl'IIA VAGRANS U. and S ................................................. 1049 
(See also plate LXXVIII, figs. 10-13.) 

Gutta percha impression of a natural mould of the spire, showing external form 
and surface markings of shell. Vanuxemia bed, Minneapolis, Minnesota. 
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1 
2 and 3 

4 to 6 

7 

8 

9 
Figs. 10 to 13 

10 and 11 
12 and 13 

Figs. 14 to 16 

Vorsal Sille 01 a C~L~~ 01 ~Lle lU~enOJ. llUlll VvlU>U, :' lUUUll~lll, • 

Umbilical and dorsal views of a well marked SpeGlme?- .of the ~orm of. the~peCles 
prevailing at Dixon Illin~. Excepting the \lmbll1cal reglOn, WhICh gIves an 
idea of the thiclmes~ of t@-shell, the specimen is a cast of the int~rior. . 

Three views of a large example, retaining most of the shell, from Mmeral Pomt, 
Wisconsin. . ~ B l' 't W· 

Gutta percha impression of a n<1tural mould of the extenor, Lrom e 01, IS-
consin. f th . h . th Dorsal side of an interior cast of the Minnesota form 0 e specIes, avmg e 
last whorl partly free; MinneapoliS. . 

Under side of a similar specimen from the same localIty. 
TROCHONElIfA v AGRANS U. and S, , ............................. , ................ .. 

(See also plate LXXV~I, fig: 46.) . . 
Basal and lateral views of a cast of the llltenor, from Mmneapol1s. 
Similar views of a nearly perfect cast from the same locality. Survey collection, 

Museum Register No. 6865 
GYRONElIfA LIRATUlYI U. and S ....... , ..... 00 ••••••••••••••••••••••••••••••• 0 ••••• 0 

Three viewB of the specimen upon whic~ thi~ species ~s founded. ~hile the 
greater part is preserved as a cast of the llltenor, a portlOn, as shown m fig. 14, 
is of the exterior. Beloit, Wisconsin. 

Figs. 17 and 18 GYRONEMA SElIIICARINATUM Salter sp........ .. ............ 0 .... • ............ . 

Dorsal views, natural size and x2, of a specimen retaining the shell; near Cannon 
Falls, Minnesota. 

Figs. 19 to 21 GYRONEMA PULCHELLlTlII U. and So ............. 0 ............ 0 ......... • .... '" 0 .. . 

19 Dorsal view of a small but nearly perfect example; Chatfield, Minnesota. 
20 Portion of same x5 to show extremely fine lines of growth. 
21 Aptrtural view of a larger and excellently preserved specimen; Minneapolis. 

Figs, ~2 to 25 
22 

23 and .24 

25 

Geological and Natural History Survey of Minnesota, Museum Register No. 
6854. 

GYRONEMA DUPLICATUlIi U. and S ................... " ................ 0 ••••••••••• 

Side view of a specimen which retains some of the shell and has a higher spire 
than usual; Dixon, Illinois. 

Apertural and dorsal views 'Df a large and almost entire cast of the interior 
belonging to the collection of the University of Wisconsin; Beloit, Wisconsin. 

The lower whorl of a cast of the exterior from the same collection and locality. 
Fig. 26 CYCLONElIIA (? GYRONEMA) PRiECIPTUlH, n. sp. (Ulrich.) ........... 0" 0 0 •• • ••• 0 •••• 

Dorsal view of an average example of this species; Stones River group, Murfrees
boro, Tennessee. It was through a species like this that Cyclonema was evolved 
from Gyronema. The inner lip is relatively thicker, straighter, and more refiexed 
than in species of Gyronema, but not excavated as it should be in a true 
Cyclonema. A minute umbilicus is often present. This species is referred to 

Figs. 27 and 28 
27 

28 

Figs. 29 and 30 
29 

30 
Ifigs. 31 and 32 

Figs. 33 and 34 

but not named in the fifth paragraph on page 1046. 
CYCLONEMA v ARICOSUlIl Hall ........................ o .. 0 •• '" •••••••••• o .. ' .. "" 

Apertural view of a specimen from the upper part of the Trenton group at Nash
ville, Tennessee. 

Dorsal view of a larger specimen, from Colby, Kentucky. The inner lip is nearly 
vertical and the cariual very strong in this species. 

CYCLONEMA lHEDIALE Ulrich .............. 0 ••••••••••• 0 ••••••••••••••••••••••••• 0' 

Dorsal view of an average example of the typical form of this species; Covington, 
Kentucky. ]n another common variety the revolving carinal are less equal, 
being more as in fig. 34 of this plate. 

Under side of another specimen from Covington. 
CYCLONEMA INFLATUM Ulrich ...... , ............................ 0 ••••••• 0 •••••••••• 

Dorsal views of two specimens from CinCinnati, Ohio, showing rather extreme 
conditions in the manner of growth. The apex in the first is entire. 

OYCLONElIIA PYRAMIDATUlIf Jarmes ............................. 00 ••• , 0 ••••• 0 •• 0 ••• 

Basal and dorsal views of a typical example of this species; from the vicinity of 
Morrow, Ohio. 

Figs. 35 to 39 CYCLONEMA BILIX Conrad sp ................................. 0 •••••••••••••••• 0 •••• 

35 Dorsal view of a rather large example of this species, from Versailles, Indiana. 
36 A similar view of a smaller ~pecimen, from Waynesville, Ohio. 
37 A dorsal view of a third specimen, from Clarksville, Ohio. These three speci

mens are regarded as agreeing in every respect strictly with the original type of 
the species. It is to be observed that the revolving carinal are not as strong as 

38 and 39 

Figs. 40 to 42 
40 

41 and 42 
Figs. 43 to 46 

43 

44 

45 and 46 

in U. mediale, and the suture more abruptly impressed. 
Dorsal ,,-iews of two specimens of the form which Miller proposed to distinguish 

as vanety conicum; from Versailles, Indiana. 
CYCLONEMA BILIX var. FLUCTUATUM James ..... 0 •••••••••••• 0 ••• 0 •••••• .- ••••••• 

D?rsal view of.a perfect specimen of this variety, from Versailles, Indiana, show-
109 the relatIvely fine revolving lines, oblique folds and concave slopes of the 
whorls which usually characterize this variety. 

Two views, x5, of the apex of same. 
CYCLONEJHA HUJl1EROSUM Ulrich ....... 0 •••• " •••••••••••• 0............. 0 ••••••• 0 • 

A lar~e and strong.ly mar~ed specimen of the Richmond group variety of this 
spe:leSj WayneSVIlle, Oh~o. Possibly this is an extreme variety of C. bilix, with 
Whl~h It was found assoClated, rather than of the Lorraine group types of this 
specIes. 

Apertural view of a large example of an abundant variety in the Lorraine group 
at Oincinnati. The whorls are more rounded and the" shoulder" less distinct 
than in the typical form of the species. 

Dorsal and basal views of a typical example from Cincinnati. The shoulder at 
the top of the whorls is often more pronounced. 

Fig. <17 CYCLONEM:A SIlIIULANS Ulrich .... 0 ••••••••••• , •••••••••••• 0 ••••••••••••••••••••• ,. 

Figs. 48 and 49 
48 

Dorsal v.iew ?f an average example of this species, showing the rather delicate 
revolvlOg hnes growlllg more and more obsolete on the last volution' Cincin-
nati, Ohio. ' 

CYDCLONEMA SUBLJEVE Ulrich ............. ,. . . . . . . . . . . . . . • . . . .. . .......... 0 •••••• 

.. i?!.~f!~v}o~:.v~o!.,a_ rep,res.en~a~i'~'e, exampl~; Covington~ Kentucky. 
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1056 

1055 

1054 

1055 

1060 
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1058 
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1061 
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1 
2 and 3 

4 to 6 

7 

S 

9 
Figs.]O to 13 

10 and 11 
]2 and 13 

Figs. 14 to 16 

Dorsal SH.le 01 a ea~Lr 01 lILle lULJerlUl~ l1U1.U V...,lU.1U, ~,.lvvvu. ..... 1.U, • 

Umbilical and dorsal views of a well marked speGlme?- .of the ~orm of. the ~peCles 
prevailing at Dixon Illin~. Excepting the \lmbl!Jcal regIOn, which gIves an 
idea of the thiclmes~ of tlie~shell, the specimen is a cast of the int~rior. . 

Three views of a large example, retaining most of the shell, from Mmeral Pomt, 
Wisconsin. . t B I·' W' 

Gutta percha impression of a n;:,tural mould of the exterIOr, rom e Olt, lS-
consin. f th . h' h Dorsal side of an interior cast of the Minnesota form 0 e speCies, avmg t e 
last whorl partly free; Minneapolis. . 

Under side of a similar specimen from the same locahty. 
TROCHONElIIA VAGRANS U. and S ........................ ·········· .. ···· ........ .. 

(See also plate LXXV!I, fig: 46.) . . 
Basal and lateral views of a cast of the mtenor, from Mmneapohs. 
Similar views of a nearly perfect cast from the same locality. Survey collection, 

Museum Register No. 6865 
GYRONElIIA LIRATUlII U. and S .............................. , ..................... . 

Three viewB of the specimen upon whic~ thi~ species ~s founded. ~hile the 
greater part is preserved as a cast of the Intenor, a portIOn, as shown In fig. 14, 
is of the exterior. Beloit, Wisconsin. 

Figs. 17 and 18 GYRONElIIA SElIIICARlNATUM Salter sp........ .. .............................. . 
Dorsal views, natural size and x2, of a specimen retaining the shell; near Cannon 

Falls, Minnesota. 
Figs. 19 to 21 GYRONElIIA PULCHELL(TM U. and S ................................................ . 

]9 Dorsal view of a small but nearly perfect example; Chatfield, Minnesota. . 
20 Portion of same x5 to show extremely fine lines of growth. 
21 ApErtural view of a larger and excellently preserved specimen; Minneapolis. 

Figs. ~2 to 25 
22 

23 and 24 

25 

Geological and Natural History Survey of Minnesota, Museum Register No. 
6854. 

GYRONEl\IA DUPLlCATUlII U. and S ................... " ........................... . 
Side view of a speCimen which retains some of the shell and has a higher spire 

than usual; Dixon, Illinois. 
Apertural and dorsal views ·{)f a large and almost entire cast of the interior 

belonging to the collection of the University of Wisconsin; Beloit, Wisconsin. 
The lower whorl of a cast of the exterior from the same collection and locality. 

Fig. 26 CYCLONEMA (? GYRONEMA) PRJEClPTUlI'I, n. sp. (Ulrich.) .......................... . 
Dorsal view of an average example of this species; Stones River group, Murfrees

boro, Tennessee. It was through a species like this that Cyclonema was evolved 
from Gyronema. The inner lip is relati vely thicker, straighter, and more refiexed 
than in species of G.IITOnema, but not excavated as it should be in a true 
Cyclonema. A minute umbilicus is often present. This species is referred to 

Fig-s. 27 and 28 
27 

28 

Figs. 29 and 30 
29 

30 
lI'igs. 31 and 32 

Figs. 33 and 340 

but not named in the fifth paragraph on page 1046. 
CYCLONEMA v ARlCOSUM Hall .............................. '" ................... . 

Apertural view of a specimen from the upper part of the Trenton group at Nash
ville, Tennessee. 

Dorsal view of a larger specimen, from Colby, Kentucky. The inner lip is nearly 
vertical and the carinffi very strong in this species. 

CYCLONEl\IA lIIEDlALE Ulrich .............. · ...................................... . 
Dorsal view of an average example of the typical form of this species; Covington, 

Ken tucky. J n another common variety the revolving carinffi are less equal, 
being more as in fig. 34 of this plate. 

Under ~ide of another specimen from Covington. 
CYCLONEMA lNFLATUM Ulrich ..................................................... . 

Dorsal views of two specimens from CinCinnati, Ohio, showing rather extreme 
conditions in the manner of growth. The apex in the first is entire. 

CYCLONEMA PYRAMIDATUlIl Jarmes ....... , ................ "" ................... . 
Basal and dorsal views of a typical example of this species; from the vicinity of 

Morrow, Ohio. 
Figs. 35 to 39 CYCLONEMA BlLIX Conrad sp ............. "' ...................................... . 

35 Dorsal view of a rather large example of this species, from Versailles, Indiana. 
36 A similar view of a smaller ~pecimen, from Waynesville, Ohio. 
37 A dorsal view of a third specimen, from Clarksville, Ohio. These three speci-

38 and 39 

Figs. 40 to 42 
40 

41 and 42 
Figs. 43 to 46 

43 

44 

45 and 46 

mens are. regard~d as agreeing in every respect st~ictly with the original type of 
the species. It IS to be observed that the revolVing carinffi are not as strong as 
in U. mediale, and the suture Illore abruptly impressed. 

Dorsal views of two specimens of the form which Miller proposed to distinguish 
as variety conicum .. from Versailles, Indiana. 

CYCLONEl\IA BILl X var. FLUCTUATUM James .............................. -...... . 
Dorsal view of a perfect specimen of this variety, from Versaill8s Indiana show

ing the relatively fine revolving lines, oblique folds and conca~e slopes'of the 
Whorls which usually characterize this variety. 

Two views, x5, of the apex of same. 
CYCLONEMA HUlIIEROSUM Ulrich ................................................. . 

A larg:e and strong.ly marked specimen of the Richmond group variety of this 
spe~les.; WayneSVille, Oh~o. POSSibly this is an extreme variety of C. bilix, with 
whl~h It was found assOCIated, rather than of the Lorraine group types of this 
species. 

Apertural view of a large example of an abundant variety in the Lorraine group 
at Cincinnati. The whorls are more rounded and the" shoulder" less distinct 
than in the typical form of the species. 

Dorsal and basal views of a typical example from Cincinnati. The shoulder at 
the top of the whorls is often more pronounced. 

Fig. 47 CYCLONEM:A SIllIULANS Ulrich ................................................... .. 

Figs. 48 and 49 
48 

Dorsal v,iew <:>f an average example of this species, showing the rather delicate 
revol vlng hnes growlllg more and more obsolete on the last volution' Cincin-
nati, Ohio. ' 

CYDCLONEMA SUBLJEVE Ulrich ................................ " . . ..............•. 
"'~~~! ~v}.~~ o!.,a~ rep,res.en~a~t~'e, exampl~; Covington~ Kentucky. 
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Figs. 1 to 5 HOLOPEA INSIGNIS U. and S .......................... · .... · ...... · .. ·· .... ·...... 1065 
1 and 2 Opposite views of the interior cast of a young shell. The bight is relatively 

greater than in fully grown individuals. Stones River group, Minneapolis, 
Minnesota. 

3 to 5 Three views of a large cast. This specimen is so sharp and clean that it may be 
a cast of the exterior rather than of the interior. Stones River group, Cannon 
Falls, Minnesota. 

Fig. 6 HOLOPEA CONCINNULA U. and S......................... ................. 1066 
A cast of the interior, the last whorl with obscure lines of growth. Stones 

River group, Beloit, Wisconsin. 

Figs. 7 to 10 HOLOPEA APPRESSA U. and S..................................................... 1065 
7 to 9 Three views of a small but entire cast of the interior, gi ving a good idea of 

the peculiarities of the species. Clitambonites bed, Goodhue county, 
Minnesota. 

10 Under side of a larger cast. Geological and Natural History Survey of Minnesota, 

Figs. 11 and 12 
11 

12 

Figs. 13 to 18 
13 and 14 

15 to 18 

Museum Register No. 6765. 

HOLOPEA EXCELSA U. and S ..................................................... . 
Apertural view of an incomplete cast of the interior. Fusispira bed, Wykoff, 

Minnesota. 
Dorsal view of a nearly complete cast from the same locality. 

HOLOPEA PYRENE Billi ngs ........................................................ . 
Two views of a cast of the interior, the inner whorls restored. Trenton group, 

near Cannon Falls, Minnes0ta. 
Four views of a cast of the interior of a young specimen. Fusispira bed, near 

Cannon Falls, Minnesota. 

Fig. 19 HOLOPEA var. PARVULA Ulrich .................................................. .. 

Figs. 20 and 21 
20 

21 

Figs. 22 to 25 
22 

23 to 25 

Dorsal view of the largest of three specimens. Upper Trenton, near Burgin, 
Kentucky. 

HOLOPEA ROTUNDA U. and S ..................................................... . 
Perfect silicified shell, showing the aperture, minute umbilicus, and general 

form of the shell. Trenton group, Hartsville, Tennessee. 
A much larger specimen, presumably of this species, from the Stones Rivet' 

group at Dixon, Illinois. 

HOLOPEA AlIfPLA U. and S ..................................................... . 
An average example of this species. The specimen is a cast of the interior 

and shows broad varices of growth and rather obscure traces of revolving 
lines. Stones River group, Cannon Falls, Minnesota. 

Body whorl of a large specimen, strongly marked with wrinkles and lines of 
growth. The specimen appears to be a cast of the exterior and is from 
Cannon Falls, Minnesota. Geological and Natural History Survey of 
Minnegota, Museum Register No. 5836. 

1067 

1067 

1066 

1065 

Fig. 26 HOLOPEA SIMILIS U. and S......................... ............................... 1066 
Dorsal view of an average example of the form which we have separated 

provisionally from H. ampla and H. obliqua under this name. Shales of the 
Black River group, Fillmore county, Minnesota. Geological and Natural 
History Survey of Minnesota, Museum Register No. 7381. 

Figs. 27 and 23 HOLOPEA SUPRAPLANA U. and S.................................................. 1068 
27 Dorsal view of a cast of the interior. Lower part of Fusispira bed, Kenyon, 

Minnesota. 
28 Apertural view of the largest specimen seen. Though a cast of the interior, 

it gives a good idea of the strongly inrolled thin inner lip. Kenyon, 
Minnesota. 
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Figs. 1 to 5 HOLOPEA INSIGNIS U. and S .......................... · .... ·· ........ ·· .... ·...... 1065 
1 and 2 Opposite views of the interior cast of a young shell. The bight is relatively 

greater than in fully grown individuals. Stones River group, Minneapolis, 
Minnesota. 

3 to 5 Three views of a large cast. This specimen is so sharp and clean that it may be 
a cast of the exterior rather than of the interior. Stones River group, Oannon 
Falls, Minnesota. 

Fig. 6 HOLOPEA CONCINNULA U. and S......................... ........ ......... 1066 
A cast of the interior, tbe last whorl with obscure lines of growth. Stones 

River group, Beloit, Wisconsin. 

Figs. 7 to 10 HOLOPEA APPRESSA U. and S .............................................. ·...... 1065 
7 to 9 Three views of a small but entire cast of the interior, giving a good idea of 

the peculiarities of the species. Clitambonites bed, Goodhue county, 
Minnesota. 

10 Under side of a larger cast. Geological and Natural History Survey of Minnesota, 
Museum Register No. 6765. 

Figs. 11 and 12 HOLOPEA EXCELSA U. and S............................ .... . . .... .. .... .. .... .... 1067 
11 Apertural view of an incomplete cast of tbe interior. Fusispira bed, Wykoff, 

Minnesota. 
12 Dorsal view of a nearly complete cast from the same locality. 

Figs. 13 to 18 BOLOPEA PYRENE Billings......................................................... 1067 
13 and 14 Two views of a cast of the interior, the inner whorls restored. Trenton group, 

near Cannon Falls, Minnes0ta. 
15 to 18 Four views of a cast of the interior of a young specimen. Fusispira bed, near 

Cannon Falls, Minnesota. 

Fig. 19 HOLOPEA var. PARVULA Ulrich ................................................... . 
Dorsal view of the largest of three specimens. Upper Trenton, near Burgin, 

Kentucky. 

Figs. 20 and 21 HOLOPEA ROTUNDA U. and Soo.................................................... 1066 
20 Perfect silicified shell, showing tbe aperture, minute umbilicus, and general 

form of the shell. Trenton group, Hartsville, Tennessee. 
21 A much larger specimen, presumably of this species, from the Stones Rivet' 

group at Dixon, Illinois. 

Figs. 22 to 25 HOLOPEA AMPLA U. and S................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1065 
22 An average example of this species. The specimen is a cast of the interior 

and shows broad varices of growth and rather obscure traces of revolving 
lines. Stones River group, Cannon Falls, Minnesota. 

23 to 25 Body whorl of a large specimen, strongly marked with wrinkles and lines of 
growth. The specimen appears to be a cast of the exterior and is from 
Cannon Falls, Minnesota. Geological and Natural History Survey of 
Minnesota, Museum Register No. 5836. 

Fig. 26 HOLOPEA SIMILIS U. and S ................................... " . . . . . . . . . . . . . . . . . . . 1066 

Figs. 27 and 23 
27 

28 

Dorsal view of an average example of the form which we have separated 
provisionally from H. ampZa and H. obUqua under this name. Shales of the 
Black River group, Fillmore county, Minnesota. Geological and Natural 
History Survey of Minnesota, Museum Register No. 7381. 

HOLOPEA SUPRAPLANA U. and S ................................................. . 
Dorsal view of a cast of the interior. Lower part of Fusispira bed, Kenyon, 

Minnesota. 
Apertural view of the largest specimen seen. Though a cast of the interior, 

it gives a good idea of the strongly inrolled tbin inner lip. Kenyon, 
Minnesota. 
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FUSISPIRA SCHUCHERTI U. and S ...................... ··.·.................... .... 1076 
View of the type and only known specimen of this species. Part of the shell 

is preserved. Its great thickness is the most important of the peculiarities 
of the species. Black River group, Beloit, Wisconsin. Geological and Natural 
History Survey of Minnesota, Museum Register No. 7322. 

FUSISPIRA NOBILIS U. and S ................... · ............ ····· ... · ............. . 
Opposite views of a sharply defined but incomplete and small cast or the 

interior, showing, besides the usual characters of the species, seven obscure 
revolving lines on two of the whorls. Trenton group, Fusispira bed, Wykoff, 
Minnesota. 

A larger specimen from the same locality. Thi8 slightly exceE'ds in size the 
average for the species. The whole surface is covered with a thin layer of 
crystalline calcite and exhibits not a trace of revolving bands. 

1078 

FUSISPIRA SULOATA Ulrich ....................................................... 1077 
Dorsal view of a specimen that, excepting the patch of shell Shown, is a 

sharply dE'fined cast of the interior. The sbell is rather thick, and, as shown 
in the figure, the external suture line is situated considerably higher than 
it is in the cast. The latter shows, especially on the upper whorls, rather 
distinct revolving sulci. Base of Utica or top of Trenton, Scott county, 
Kentucky. 

Apertural view of same. 
Small portion of the surface of tee shell x 10, showing punctm of two sizes 

arranged in series parallel with the suture line. 

FUSISPIRA CONVEXA U. and S ............. ··.··................................... 1077 
Dorsal view of an incomplete but clean cast of the interior, from the Trenton 

limestone at Trenton Falls, New York. Has obscure revolving bands like 
the preceding species but differs in its more convex and more depressed 
whorls. 

The last two whorls of a larger cast, apparently of this species. Clitambonites 
bed of the Trenton group, Goodhue county, Minnesota. 

Outline of the lower and outer parts of the lip of same as seen from beneath. 

FUSlspmA SUBBREVIS U. and S.................................................... 1076 
Opposite views of a small cast of the interior, Fusispira bed, Goodhue county, 

Minnesota. 
A pertural view of a much larger cast. This specimen has the mouth entire 

but has suffered some from pressure and may not really belong to this species. 
Maclurea bed of the Trenton group, Stewartsville, Minnesota. Geological 
and Natural History Survey of Minnesota, Museum Register No. 8728. . 

Dorsal view of lower two whorls of same. 
Dorsal view of a specimen from the Fusispira bed at Decorah, Iowa. This 

agrees, so far as we can see, exactly with the original of fig. 11. Geological 
and Natural History Survey of Minnesota, Museum Register No. 7362. 

Outline, as seen from below, of lower and outer portions of the lip of the 
specimen reprf'sented by figs. 13 and 14. 

FUSISPIRA INFLATA Meek and Worthen.................................. ........ 1075 
Apertural view of a cast of the interior of a young specimen. Lower part of 

Fusispira bed, Kenyon, Minnesota. 
Apertural view of a large and nearly perfect cast of the interior, showing the 

adult appearance of the species. Fusispira bed, Goodhue county, (Hader 
P.O.), Minnesota. In the variety which occurs in the Maclurea bed the 
under side of the whorls is more ventricose, causing the bend in the inner 
outline of the aperture to be more abrupt. 

FUSISPIRA INTERJ\1EDIA U. and 8...... .. .. .. .. .. . ................................. 1076 
Dorsal view of a specimen showing the slender spire and relatively rapid 

expansion of the last whorl. Maclurea bed, Stewartsville, Minnesota. Geolog-
ical and Natural History Survey of Minnesota, Museum No. 7451. 

Opposite views of another specimen from this locality, showing, as far as it goes, 
the same features. 
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Fig. FUSISPIRA SCHUCHERTI U. and S .................... ·.··.·.................... .... 1076 

Figs. 2 to 4 
2 and 3 

4 

View of the type and only known specimen of this species. Part of the shell 
is preserved. Its great thickness is the most important or the peculiarities 
of the species. Black River group, Beloit, Wisconsin. Geological and Natural 
History Survey of Minnesota, Museum Register No. 7322. 

FUSISPIRA NOBILIS U. and S ................... · .. ·· ... ················ ........... . 
Opposite views of a sharply defined but incomplete and small cast or the 

interior, showing, besides the usual characters of the species, seven obscure 
revolving lines on two of the whorls. Trenton group, Fusispira bed, Wykoff, 
Minnesota. 

A larger specimen from the same locality. Thi8 slightly exceE'ds in size the 
average for the species. The whole surface is covered with a thin layer of 
crystalline calcite and exhibits not a trace of revolving bands. 

1078 

Figs. 5 to 7 
5 

FUSISPIRA SULOATA Ulrich......................... .............................. 1077 

6 
7 

Figs. 8 to 10 
8 

9 

JO 

Dorsal view of a specimen that, excepting the patch of shell shown, is a 
sharply defined cast of the interior. The shell is rather thick, and, as shown 
in the figure, the external suture line is situated considerably higher than 
it is in the cast. The latter shows, especially on the upper whorls, rather 
distinct revolving sulci. Base of Utica or top of Trenton, Scott county, 
Kentucky. 

Apertural view of same. 
Small portion of the surface of tl:;e shell x 10, showing punctffi of two sizes 

arranged in series parallel with the suture line. 

FUSISPIRA CONVEXA U. and S ............. · .................•.................... 
Dorsal view of an incomplete but clean cast of the interior, from the Trenton 

limestone at Trenton Falls, New York. Has obscure revolving bands like 
the preceding species but differs in its more convex and more depressed 
whorls. 

The last two whorls of a larger cast, apparently of this species. Clitambonites 
bed of the Trenton group, Goodhue county, Minnesota. 

Outline of the lower and outer parts of the lip of same as seen from beneath. 

1077 

Figs. 11 to 16 FUSISPIRA SUBBREVIS U. and S.................................................... 1076 
It and 12 Opposite views of a small cast of the interior, Fusispira bed, Goodhue county, 

Minnesota. 
13 A pertural view of a much larger cast. This specimen has the mouth entire 

but has suffered some from pressure and may not really belong to this species. 
Maclurea bed of the Trenton group, Stewartsville, Minnesota. Geological 
and Natural History Survey of Minnesota, Museum Register No. 8728. . 

14 Dorsal view of lower two whorls of same. 
I;'; Dorsal view of a specimen from the Fusispira bed at Decorah, Iowa. This 

agrees, so far as we can see, exactly with the original of fig. 11. Geological 
and Natural History Survey of Minnesota, Museum Register No. 7362. 

16 Outline, as seen from below, of lower and outer portions of the lip of the 

Figs 17 and 18 
17 

18 

Figs. 19 to 21 
19 

20 and 21 

specimen reprE'sented by figs. 13 and 14. 

FUSISPIRA INFLATA Meek and Worthen ......................................... . 
Apertural view of a cast of the interior of a young specimen. Lower part of 

Fusispira bed, Kenyon, Minnesota. 
Apertural view of a large and nearly perfect cast of the interior, showing the 

adult appearance of the species. Fusispira bed, Goodhue county, (Hader 
P.O.), Minnesota. In the variety which occurs in the Maclurea bed the 
under side of the whorls is more ventricose, causing the bend in the inner 
outline of the aperture to be more abrupt. 

FUSISPIRA INTER~IEDIA U. and S...... . . . . . . . . .. . ............................... . 
Dorsal view of a specimen showing the slender spire and relatively rapid 

expansion of the last whorl. Maclurea bed, Stewartsville, Minnesota. Geolog
ical and Natural History Survey of Minnesota, Museum No. 7451. 

Opposite views of another specimen from this locality, showing,as far as it goes, 
the same features. 

1075 

1076 
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PLATE LXXXI. 

Figs. 1 and 2 SUBULITES sp. undet. (? ELONGA'l'US Conrad) ........................... "" ....... . 
PAGE. 

Lateral view of a cast of the interior and top of same, showing the peculiar ter
mination of interior casts of species of Subulites. Trenton group, Ottawa, Canada. 

Fig. 3 SUBULITES CANADENSIS Ulrich ... :.... .... ..... .. . ..... . . . .... .. .... .... .... .... . .. 1071 
Figure of a cast of the interior, restored at both extremities from other specimens. 

Figs. 4 and 5 
4 

5 

Figs. 6 to 8 
6 

... . 
8 

Figs. 9 to 11 
9 

10 

11 

Figs. 12 to 15 
12 

13 and 14 

15 

Black River group, Ottawa, Canada. 

SUBULITES CONRADI U. and S .................................... '" . . . .... .... . . .. lOll 
Cast of the interior; from the Stones Ri ver group, Cannon Falls, Minnesota. The 

relative narrowness of the shell, especially of the basal part, is the most im
portant of the distinctive features of this species. 

Basal outline of lips. 

SUBULITES DIXONENSIS U. and S..... .... . .. .. .. . .... .... .... .... .... . ... .... . . .... 1071 
Lateral view of a partial cast of the interior, showing the anterior outline of the 

outer lip . 
Another view of same showing the form of the aperture, which is relatively wider 

below than in the other species, and the comparatively abrupt basal taper of 
the volutions. Stones River group, Dixon, IllinoiR .• 

Outline of lower and outer lips as seen from below. 

SUBULITES BELOITENSIS U. and S.................................................. 1072 
Entire cast oe the interior.* The mouth is very similar to that of S. c((llaclensis (see 

fig. 3), but the shell as a whol~ is more slender, while the sides of the whorls are 
practically flat instead of gently convex. 

Lower part of same specimen in another view, for comparison with fig. 6. Stones 
. River group, Beloit, Wisconsin. 
Outline of lower and outer lips as seen from below. 

SUBULITES PERGRACILIS U. and S.... ............................................. 1072 
Apertural view of a fragment, with the lower extremity and the spire restored in 

outline. 
Two views of another fragment, the first showing the peculiar band along the 

suture, the second the aperture. 
Three lines, the lower representing the basal outline ot fig. 12, the middle one the 

basal outline of fig. 14, the upper one part of the greatest circumference of the 
body whorl. Trenton group, Fusispira bed, Wykoff, Minnesota. 

Figs. 16 and 17 SUBULITES PARVUS Ulrich......................................................... 1072 
Opposite views of a cast of the interior. Stones River group, High Bridge, Ken

tucky. 

Figs. 18 and 19 SUBULITES NAN us Ulrich.......................................................... 1072 
Opposite views of the larger of two specimens of this small species. Stones River 

group (" Glade limestone "), Lebanon, Tennessee. 

·Fig. 20 SUBULITES sp. undet .............................................................. . 
Fragmentary example of a curved species; from the Fusispira bed at Wykoff. 

Minnesota. 

Figs. 21 and 22 CYl{TOSPIRA BICURV ATA Ulrich ......................................... , .. ....... 1074 

Fig. 

OpPOSite views of the unique specimen upon which the species is founded. Stones 
River group, High Bridge, Kentucky. 

23 CYRTOSPIRA WYKOFFENSIS U. and S ............................................... 1074 
Apertural view of the type specimen, the apex restored in the figure. Fusispira 

bed, Wykoff, Minnesota. 

* We believe this specimen is composed of parts of two indIviduals. However that may be. it gives a correct idea of 
the species and therefore may j ustiy stand as the type. 
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Figs. 1 and 2 SUBULITES sp. undet. (? ELONGATUS Conrad) ...................................... . 
PAGE. 

Lateral view of a cast of the interior and top of same, showing the peculiar ter
mination of interior casts of species of Suuulites. Trenton group, Ottawa, Canada. 

Fig. 3 SUBULITES CANADENSIS Ulrich ... :.... ............ .............. ........ .... ....... 1071 
Figure of a cast of the interior, restored at both extremities from other specimens. 

Figs. 4 and 5 
4 

5 

Figs. 6 to 8 
6 

., . 
8 

Figs. 9 to 11 
9 

10 

11 

Figs. 12 to 15 
12 

13 and 14 

15 

Figs. 16 and 17 

Figs. 18 and 19 

Black River group, Ottawa, Canada. 

SUBULITES CONRADI U. and S.... .... .................. .... ............ .... ........ 1071 
Cast of the interior; from the Stones River group, Cannon Falls, Minnesota. The 

relative narrowness of the shell, especially of the basal part, is the most im
portant of the distinctive features of this species. 

Basal outline of lips. 

SUBULITES DIXONENSIS U. and S..... .... .. ... .. . .... .... .... .... .... ....... . .. .... 1071 
Lateral view of a partial cast of the interior, showing the anterior outline of the 

outer lip . 
Another view of same showing the form of the aperture, which is relati vely wider 

below than in the other species, and the comparatively abrupt basal taper of 
the volutions. Stones River group, Dix0n, Illinois .• 

Outline of lower and outer lips as seen from below. 

SunuLITES BELOITENSIS U. and S............ .... .... .... .... .... ............ .... .. 1072 
Entire cast of the interior." The mouth is very similar to that of S. ccmacZensis (see 

fig. 3), but the shell as a whol~ is more slender, whilE' the sides of the whorls are 
practically flat instead of gen tly con vex. 

Lower part of same specimen in another view, for comparison with fig. 6. Stones 
. River group, Beloit, Wisconsin. 
Outline of lower and outer lips as seen from below. 

SUBULITES PERGRACILIS U. and S.... .... .... .... .... .... .. .. .... . ... .... .... ..... 1072 
Apertural view of a fragmen t, with the lower extremity and the spire restored in 

outline. 
Two views of another fragment, the first showing the peculiar band along the 

suture, the second the aperture. 
Three lines, the lower representing the basal outline or fig. 12, the middle one the 

basal outline of fig. 14, the upper one part of the greatest circumference of the 
body whorl. Trenton group, Fusispira bed, Wykoff, Minnesota. 

SUBULITES PARYUS Ulrich......................................................... 1072 
Opposite views of a cast of the interior. Stones River group, High Bridge, Ken

tucky. 

SUBULITES NANUS Ulrich ........................................................ " 1072 
Opposite views of the larger of two specimens of this small species. Stones River 

group (" Glade limestone "), Lebanon, Tennessee. 

·Fig. 20 SUBULITES sp. undet ........ , .................................................... ,. 
Fragmentary example of a curved species; from the Fusispira bed at Wykoff. 

Minnesota. 

Figs. 21 and 22 CYRTOSPIRA BICURYATA Ulrich ..................... , ...... «.. •••••••••••• ....... 1074 

Fig. 

Opposite views of the unique specimen upon which the species is founded. Stones 
River group, High Bridge, Kentucky. 

23 CYRTOSPIRA WYKOFFENSIS U. and S.... ........ ........ ........................ ... 1074 
Apertural view of the type specimen, the apex restored in the figure. Fusispira 

bed, Wykoff, Minnesota. 

* We believe this specimen is composed of parts of two individuals. However that may be, it gives a correct idea of 
the species and therefore may j ustiy stand as the type. 
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Figs. 24 and 25 CYRTOSPIRA TORTILIS Ulrich.... .... .............................................. 1074 

Opposite views of a silicified shell of this species. Lower division of the Stones 
River group, Murfreesboro, Tennessee. 

Figs. 26 and 27 FUSISPIRA PLANULATA U. and S ................... : ........................... 0... 1078 

Figs. 28 to 31 
28 

29 

30 
31 

Opposite views of the type of this species. The specimen is an excellent cast of 
the interior from the Fusiilpira bed of the Trenton at Eagle POint, Iowa. 

FUSISPIRA ANGUSTA U. and S ..................................................... . 
Apertural view of the lower whorls of a large specimen. It is a cast of the 

interior, but as the shell was not very thfck. it gi yes a good idea of the external 
form of the volutions and mouth. Clitambonites bed, Cannon Falls, Minnesota. 

Dorsal view of a more complete cast, from the same locality, showing the compar
atively great hight of the volutions 

A third cast having somewhat deeper sutures than usual. Cannon Falls, Minnesota. 
Somewhat loosely coiled cast of th.e interior, from the same bed and locality. 

1079 

Fig. 32 FUSISPIRA ANGUSTA var. SUBPLANA U. and S .... ......................... ...... 1079 
Ventral view of one of th~ two specimens upon which this variety is founded. 

Clitambonites bed, near Cannon Falls, Minnesota. 

Figs.33,34,36,37 SUBULITES, sp. undet.. . . . . . .... .. .... .. . . . . .... . . . . .. .... . . .. .... .. .... .. .... .... .. 1073 
33 Testiferous fragment with banded suture line. Black River group (Ctenodonta 

bed), Chatfield, Mir:nesota. 
34 Apical portion of a shell, preserved partly as a cast of the interior. Stones River 

group, High Bridge, Kentucky. 
36 An imperfect. macerated shell from High Bridge, Kentucky. 
37 Interior cast of the spire showing that the apical whorls are not filled with solid 

material as in the more typical species of SubuZites. Stones River group, Beloit, 
Wisconsin. 

Fig. 35 SUBULITES REGULARIS Ulriet...................................................... 1072 
(See also plate LXXXII, figs. 47 and 48.) 

35 Int~rior cast of the last volution, showing the long and remarkably slender canal. 
High Bridge, Kentucky. 

Figs. 38 and 39 FUSISPIRA SUBFUSIFOl::ms Hall ................................................... 1077 
Opposit,e views of an incomplete cast of the interior, showing the convex whorls 

and rather wide mouth which are characteristic of this species. Fusispira bed, 
Goodhue county, Minnesota. 

Figs. 40 and 41 MEEKOSPIRA SUBCONICA U. and S ......................... " .... , . . .. . . . .. . .. .. . . .. 1080 
Two views of the type of this species. Richmond group, near Spring Valley, Min

nesota. 

PAGE. 
Figs. 24 and 25 CYRTOSPIRA TORTILIS Ulrich.... .... .............................................. 1074 

Figs. 26 and 27 

Figs. 28 to 31 
28 

29 

30 
31 

Opposite views of a silicified shell of this species. Lower division of the Stones 
River group, Murfreesboro, Tennessee. 

FUSISPIRA PLANULATA U. and S ................... :... ... ..... .... .. .... .... ...... 1078 
Opposite views of the type of this species. The specimen is an excellent cast of 

the interior from the Fusispira bed of the Trenton at Eagle POint, Iowa. 

FUSISPIRA ANGUSTA U. and S. .. . .... .. . ... .. .... .... .... ..... . .... ......... ... .... 1079 
Apertural view of the lower whorls of a large specimen. It is a cast of the 

interior, but as the shell was not very thIck. it gives a good idea of the external 
form ofthe volutions and mouth. Clitambonites bed, Cannon Falls, Minnesota. 

Dorsal view of a more complete cast, from the same locality, showing the compar
atively great hight of the volutions 

A third cast having somewhat deeper sutures than usual. Cannon Falls, Minnesota. 
Somewhat loosely coiled cast of th.e interior, from the same bed and locality. 

Fig. 32 FUSISPIRA ANGUSTA var. SUBPLANA U. and S .... .... .............. ....... ...... 1079 
Ventral view of one of th'l two specimens upon which this variety is founded. 

Clitambonites bed, near Cannon Falls, Minnesota. 

Figs.33,34,36,37 SUBULITES, sp. undet.. . . . . . .... .. .... .... .. .... .. . . .. .. .. .... .... .. .... .. .... .... .. 1073 
33 Testiferous fragment with banded suture line. Black River group (Ctenodonta 

bed), Chatfield, Mir.nesota. 
34 Apical portion of a shell, preserved partly as a cast of the interior. Stones River 

group, High Bridge, Kentucky. 
36 An imperfect. macerated shell from High Bridge, Kentucky. 
37 Interior cast of the spire showing that the apical whorls are not filled with solid 

material as in the more typical speeies ot' Subulites. Stones River group, Beloit, 
Wisconsin. 

Fig. 35 SUBULITES REGULARIS Ulriet...................................................... ]072 
(See also plate LXXXII, figs. 47 and 48.) 

35 Int!Crior cast of the last volution, showing the long and remarkably slender canal. 
High Bridge, Kentucky. 

Figs. 38 and 39 FUSISPIRA SUBFUSIFOl~lIIIS Hall ................................................... 1077 
Opposit.e views of an incomplete cast of the interior, showing the convex whorls 

and rather wiele mouth which are characterisLic of this species. Fusispira bed, 
Goodhue county, Minnesota. 

Figs. 40 and 41 MEEKOSPIRA SUBCONIOA U. anel S .................................... '" ... ..... . .. 1080 
Two views of the type of this species. Richmond group, near Spring Valley, Min

nesota. 
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Figs. 1 and 2 

Figs. 3 and 4 

Figs. 5 and 6 

Figs. 7 to 9 

Fig. 10 

Figs. 11 to 15 
11 and 12 

13 

14 and 15 

Figs. 16 to 20 
16 

17 and 18 
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TRYBLIDIUM MODESTUM U. and S.................................................. 826 

Two views, dorsal and profile, of the specimen described. 

ARCHINACELLA PEROVALIS Whitfield sp........................................... 830 
Dorsal and profile views of a cast of the interior from Minneapolis (After Sar

desan, who called it Metoptoma explanata.) 

ARCHINACELLA RUGATINA Ulrich ................................................ . 
Two views of a cast, apparently of the exterior, from Middletown, Ohio. 

SCENELLA MAGNIFICA U. and S...................... . .......................... . 
Three views, in outline and restored at the apex, of the specimen described. 

SCENELLA OBTUSA Sardeson sP ............................................. " ...... . 
Dorsal view of a cast of the interior, from Minneapolis. (After Sardeson, who 

called it Conchopeltis ubtltSa.) 

835 

839 

841 

STENOTHECA EXSERTA Sardeson sp ............................................... , 842 
Two views of a small specimen presumably of this species; Minneapolis. Geolog-

ical and Natural History Survey of Minnesota, Museum Register No. 715. 
Outline vi'lw of a large specimen from Beloit, WisconSin, belonging to the collec

tion of the University of Wisconsin. 
Copies of Sardeson's original figures of his T1ybliclium exsertum, founded upon a 

specimen from the" Blue limestone" at Minneapolis. 

SALPINGOSTOMA SCULPTILIS U. and S...... ...... .... ...... .... .... ................ 902 
Lateral view of a partial cast of the interior from which the greater part of the 

apertural expansion has been broken away; Goodhue county, Minnesota. 

Lateral and dorsal views of a more complete cast of the exterior, showing the 
greater part of the expanded aperture, the dorsal slit and surface sculpture; 
from Goodhue county. Geological and Natural History Survey of Minnesota, 
Museum Register No. 7462. 

19 Portion of same, x5, showing slit-band and SCUlpture. 
20 Transv.erse section of inner half of last whorl of a cast of the interior from Fill-

more county, Minnesota. 

Figs. 21 and.22 SALPINGOSTOJ>IA IMBRICATA U. and S ............................. ". ...... .... .... 902 
Two views of the. specimen described. 

Figs. 23 to 25 OXYDISCUS SUBACUTUS, n. sp. (Ulrich.)........................................... 913 
(See also plate LXII, Figs. 62-65.) 

23 Lateral view in outline, each volution embracing about one-half of the precedtog 
one. 

24 Ventral view of same, x2, to correct fig. 62 on pI. LXII. 
25 Side view of a s'imilar specimen, x2, showing the slender inner whorls. Both 

specimens are from Danville, Kentucky. 

Figs. 26 to 28 OXYDISCUS CRISTATUS Safford sp ............................... : .................. 914 
26 Lateral view of the smallest of four specimens; Jackson county, Tennessee. 

Collection of Prof. J. M Safford. 
27 Similar view of the largest specimen; Lindsley's Hlll, Tennessee. In this exam-

ple the outer part of tl:elast whorl is free from the dorsal keel of the preceding 
whorl. 

28 Portion of the dorsal keel of a large specimen, broken like fig. 27, showing the 
posterior extremity of the long slit; Nashville, Tennessee. 

Figs. 29 to 31 CCELOCAULUS NEGLECTUS U. and S..... .... .... .... .... .... .... ... ................ 1020 
29 and 30 Lateral and basal views of the specimen described; near Cannon Falls, Min·nesota. 

31 Upper two whorls of same, x2.5, to show the rounded terminus more clearly. 

Figs. 32 to 34 
32 
33 

HELICOTOMA GRANOSA Ulrich .................................................... : 
The upper side of a small specimen, x3, from High Bridge, Kentucky. 
Profile view of same, x3, showing the surface granulation more clearly than in 

Figs. 35 to 

fig. 32. 
34 Upper side of same, natural size. 

38 LrosPIH.A ABRUPTA U. and Soo ..................................... " ............ .. 
35 Under side of an average example. Murfreesboro, Tennessee. 
36 
37 

38 

Upper side of another specimen. 
Profile views, x2, the lower line giving the form for the original of fig. 35, the 

line above it for that of fig. 36. The spire is sometimes more depressed. The 
line on the right of the figure is intended to show the contour of the" band" 
and peripherial .rtion of the whorls. 

Oblique view ot the umbiliCUS, x2, showing the crescent·shaped refiexion of the 
inner lip. 

]035 

995 

Figs. 1 and 2 

Figs. 3 and 4 

Figs. 5 and 6 

Figs. 7 to 9 

Fig. 10 

FigS. 11 to 15 
11 and 12 

13 

14 and 15 

Figs. 16 to 20 
16 

17 and 18 
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TRYBLIDIUM MODESTUM U. and S.................................................. 826 

Two Views, dorsal and profile, of the specimen described. 

ARCHINACELLA PEROVALIS Whitfield sp .......... " ................. '" .. ..... .... 830 
Dorsal and profile views of a cast of the interior from Minneapolis (After Sar

desan, who called it Metoptoma explanata.) 

ARCHINACELLA RUGATINA Ulrich ................................................ . 
Two views of a cast, apparently of the exterior, from Middletown, Ohio. 

SCENELLA MAGNIFICA U. and S...................... . .......................... . 
Three views, in outline and restored at the apex, of the specimen described. 

SCENELLA OBTUSA Sardeson sp ........................................... " ...... . 
Dorsal view of a cast of the interior, from Minneapolis. (After Sardeson, who 

called it Conchopeltis ubtltSa.) 

STENOTHECA EXSERTA Sardeson sp ............................................... , 
Two views of a small specimen presumably of this species; Minneapolis. Geolog

ical and Natural History Survey of Minnesota, Museum Register No. 715. 
Outline vi'lw of a large specimen from Beloit, Wisconsin, belonging to the collec

tion of the University of Wisconsin. 
Copies of Sardeson's original figures of his T1ybliclium exsertum, founded upon a 

specimen from the" Blue limestone" at Minneapolis. 

SALPINGOSTOMA SCULPTILIS U. and S ............................................. . 
Lateral view of a partial cast of the interior from which the greater part of the 

apertural expansion has been broken away; Goodhue county, Minnesota. 

835 

839 

841 

842 

902 

Lateral and dorsal views of a more complete cast of the exterior, showing the 
greater part of the expanded aperture, the dorsal slit and ~urface sculpture; 
from Goodhue county. Geological and Natural History Survey of Minnesota, 
Museum Register No. 7462. 

19 Portion of same, x5, showing slit-band and sculpture. 
20 Transv.erse section of inner half of last whorl of a cast of the interior from Fill-

more county, Minnesota. 

Figs. 21 and.22 SALPINGOSTO];IA IMBRICATA U. and S.... ..... ... .... .......... .... .. ...... .... .... 902 

Figs. 23 to 25 

23 

24 
25 

Figs. 26 to 28 
26 

27 

28 

Figs. 29 to 31 
29 and 30 

31 

Figs. 32 to 34 
02 
33 

34 

Figs. 35 to 38 
35 
36 
37 

38 

Two views of the.specimen described. 

OXYDISCUS SUBACUTUS, n. sp. (Ulrich.)........................................... 913 
(See also plate LXII. Figs. 62-65.) 

Lateral view in outline, each volution embracing about one-half of the precedtng 
one. 

Ventral view of same, x2, to correct fig. 62 on pI. LXII. 
Side view of a similar specimen, x2, showing the slender inner whorls. Both 

specimens are from Danville, Kentucky. 

OXYDISCUS CRISTATUS Safford sp ............................... : .................. 914 
Lateral view of the smallest of four specimens; Jackson county, Tennessee. 

Collection of Prof. J. M Safford. 
Similar view of the largest specimen; Lindsley's HlII, Tennessee. In this exam

ple the outer part of ttelast whorl is free from the dorsal keel of the preceding 
whorl. 

Portion of the dorsal keel of a large specimen, broken like fig. 27, showing the 
posterior extremity of the long slit; Nashville, Tennessee. 

CCELOCAULUS NEGLECTUS U. and S................................ ................ 1020 
Lateral and basal views of the specimen described; near Cannon Falls, Min·nesota. 
Upper two whorls of same, x2.5, to show the rounded terminus more clearly. 

HELICOTOMA GRANOSA Ulrich .................................................... : 
The upper side of a small specimen, x3, from High Bridge, KentuckY· 
Profile view of same, x3, showing the surface granulation more clearly than in 

fig. 32. 
Upper side of same, natural size. 

LIOSPIRA ABRUPTA U. and S ..................................................... . 
Under side of an average example. Murfreesboro, Tennessee. 
Upper side of another specimen. 
Profile views, x2, the lower line giving the form for the original of fig. 35, the 

line above it for that of fig. 36. The spire is sometimes more depressed. The 
line on the right of the figure is intended to show the contour of the" band" 
and peripherial ,.rtion of the whorls. 

Oblique view at the umbilicus, x2, showing the crescent·shaped reflexion of the 
inner lip. 
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Figs, 39 to 41 
39 

40 

41 

Figs. 42 to 44 
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LroSPIRA DECIPIENS Ulrich': ..................... ' .. , . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 998 

Upper side, showing slender volutions and distinct peripheral band; Murfreesboro, 
Tennessee. 

Lower side of same, with the apertural portions restored. The umbilicus is filled 
with shell-matter as in L. micula, L. p~'ogne and other species of the genus. 
(See plates LXVIII and LXIX.) 

Profile of same, natural size; also outline of upper surface and perippery of last 
whorl, intended especially to show the band in transverse section. 

LIOSPIRA :ilIODESTA Ulrich." ................. , ..... ·, .... · .. ······················ 
Three views, x2, of a specimen from the Otenndonta bed at Ohatfield, Minnesota. 

Since page 995, on which this shell is referred to as possibly belonging to L. 
abJ'upta, was printed, we have decided that it is sufficiently distinct to bear a 
name of its own. We propose, therefore, to call it L. modesta. 
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Fig. 45 MACLURINA llIANITOBENSIS Whiteaves sp. . .... .. .... ..... .. ... ...... .............. 1041 
Inner whorls on the fiat side of a specimen from Olmsted county, Minnesota, x2. 

Fig. 46 MACLURINA CUNEATA Whitfield sp..... .. . . . . .. . . ... . .... .. . . . . . . .... .. .......... 1042 

Figs. 47 and 48 

47 
48 

Figs. 49 to 54 
49 

50 
51 

52 

53 

54 

Figs. 55 to 61 
55 to 57 

58 

59 

60 and 61 

Figs, 62 to 64 
62 and 63 

64 

Figs. 65 to 61 
65 

66 and 67 

Vertical section of a very young example, magnified nearly two diameters, show
ing that the inner whorls are widely umbilicated. The specimen is imbedded 
in the rock filling the outer whorl of the specimen of M. manitobensis showing 
the inner whorls as represented in fig. 45. 

SunULITES REGULARIS U. and S............... ........................ ............ 1072 
(See also plate LXXXI, fig. 35.) 

Ventral view of a young specimen; High Bridge, Kentucky. 
Side view of a large specimen, from the same locality. 

STROPHOSTYLUS TEXTILIS U. and S .............................................. , 1064 
Oast of the interior from St. Paul, Minnesota, showing the usual form and several 

of the strong obliquely transverse furrows which occur so frequently, especially 
on interior casts, in this species. 

A more depressed cast from Fillmore county, retaining traces of external markings. 
Ventral view of a testiferous example from the vicinity of Oannon Falls, 

Minnesota. . 
Dorsal view of an incomplete shell from the same locality. The surface markings 

are beautifully preserved on this specimen. 
View of a specimen from Ohatfield, Minnesota, from which a part of the last 

whorl was removed so as to show the spirally twisted folds of the columella. 
Surface of last whorl of original of fig. 52, x5. 

OYCLONE~IA GRACILE Ulrich, and varieties .......... "'. ............................ ' .. 
Three specimens of the typical form of this species, showing considerable differ

ence in their respective apical angles, Newport, Kentucky. 
Ventral view of a specimen, from the same locality, referred to this species with 

some doubt, It may be an extreme form of C. sublceve (plate LXXVIII, figs. 48 
and 49), but the upper whorls are more convex than in any of the numerous 
specimens of that species before us. 

Dorsal view of a rather small but perfect specimen of a form that, on account of 
the constant presence of delicate revolving lines, may be distinguished as var. 
st1·iatellum. It occurs with the other varieties at Oincinnati. 

Two views of the apical whorls of same, x5. 

OYCLONEllIA (?HOLOPEA) LIMATUM Ulrich ........................................ .. 
Opposite views of an excellently preserved example of this Holopea-like shell. 

The surface on portions of the specimen is polished, and here exhibits traces 
of revolving lines as shown in the figures. 

Ventral view of a more ventricose individual. Both specimens were found in the 
vicinity of Cincinnati, Ohio. 

OYCLONEMA TRANSVERSUnf UIr·ich ........................................••...... 
Dorsal view of the strongly marked specimen regarded as the type of this species; 

Oovington, Kentucky. The two upper whorls are restored in the figure. 
Dorsal and basal views of a larger specimen which, while agreeing in probably all 

essential respects with the preceding, has a smoother surface with faint indica
tions of revolving lines on the periphery . 
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LIOSPIRA DECIPIENS Ulrich':.................. .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 998 

Upper side, showing slender volutions and distinct peripheral band; Murfreesboro, 
Tennessee. 

Lower side of same, with the apertural portions restored. The umbilicus is fined 
with shell-matter as in L. mienla, L. p1'ogne and other species of the genus. 
(See plates LXVIII and LXIX.) 

Profile of same, natural size; also outline of upper surface and perippery of last 
wllorl, intended especially to show the band in transverse section. 

LIOSPIRA MODESTA Ulrich .......................... ·· .... · .. ······················ 
Three views, ><2, of a specimen from the Ctenndonta bed at Chatfield, Minnesota. 

Since page 995, on which this shell is referred to as possibly belonging to L. 
abJ'upta, was printed, we have decided that it is sufficiently distinct to bear a 
name of its own. We propose, therefore, to call it L. modesta. 
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Fig. 45 MACLURINA lIIANITOBENSIS Whiteaves sp. . .... .. .... ..... .. ... ...... .............. 1041 
Inner whorls on the fiat side of a specimen from Olmsted county, Minnesota, x2. 

Fig. 46 MACLURINA CUNEATA Whitfield sp .............. , .... ......... ... ...... .......... 1042 
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Figs. 62 to 64 
62 and 63 
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Figs. 65 to 67 
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66 and 67 

Vertical section of a very young example, magnified nearly two diameters, show
ing that the inner whorls are widely umbilicated. The specimen is imbedded 
in the rock filling the ou ter wll0rl of the specimen of M. manitobensis showing 
the inner whorls as represented in fig. 45. 

SUBULITES REGULARIS U. and S..... .......... .... ........ .... .... .... ...... ...... 1072 
(See also plate LXXXI, fig. 35.) 

Ventral view of a young specimen; High Bridge, Kentucky. 
Side view of a large specimen, from the same locali ty. 

STROPHOSTYLUS TEXTILIS U. and S .............................................. · 1064 
Oast of the interior from St. Paul, Minnesota, showing the usual form and several 

of the strong obliquely transverse furrows which occur so frequently, especially 
on interiur casts, in this species. 

A more depressed cast from Fillmore county, retaining traces of external markings. 
Ventral view of a testiferous example from the vicinity of Oannon Falls, 

Minnesota. . 
Dorsal view of an incomplete shell from the same locality. The surface markings 

are beautifully preserved on this specimen. 
View of a specimen from Ohatfield, Minnesota, from which a part of the last 

whorl was removed so as to show the spirally twisted folds of the columella. 
Surface of last whorl of original of fig. 52, x5. 

OYCLONE~IA GRACILE Ulrich, and varieties .......... '"; .............................. . 
Three specimens of the typical form of this species, showing considerable differ

ence in their respective apical angles, Newport, Kentucky. 
Ventral view of a specimen, from the same locality, referred to this species with 

some doubt. It may be an extreme form of C. sublceve (plate LXXVIII, figs. 48 
and 49), but the upper whorls are more convex than in any of the numerous 
specimens of that species before us. 

Dorsal view uf a rather small but perfect specimen of a form that, on account of 
the constant presence of delicate revolving lines, may be distinguished as var. 
st1·iatellum. It occurs with the other varieties at Oincinnati. 

Two views of the apical whorls of same, x5. 

OYCLONEMA (?HOLOPEA 1 LIMATUM Ulrich ......................................... . 
OpPOSite views of an excellentlv preserved example of this Holopea-like shell. 

The surface on portions of the specimen is polished, and here exhibits traces 
of revolving lines as shown in the figures. 

Ventral view of a more ventricose individual. Both specimens were found in the 
vicinity of CinCinnati, Ohio. 

OYCLONEMA TRANSVERSUnf Ulr·ich ........................................••...... 
Dorsal view of the strongly marked specimen regarded as the type of this species; 

Oovington, Kentucky. The two upper whorls are restored in the figure. 
Dorsal and basal views of a larger specimen which, while agreeing in probably all 

essential respects with the preceding, has a smoother surface with faint indica
tions of revolving lines on the periphery . 
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Actinoceratidre, 781. 
Actinoclonta, 608. 
Actinomya, 628, 485, 501. 504-506, 513, 515,517. 

518, 524, 525, 531. 
cincinnatiensis, 514.* 
modio'iformis, 515, 516. 
pholaclifonnis,514.* 
safi'ordi,515. 
subcarinata, 516, 514. 
superna, 505. 

Actinopteria, 485. 
.fEchmina, 632. 664, 666, 678. 
Aglaia, 632, 631. 
Agnesia, 960. 
Allodesma, 617, 486, 504, 628. 

subellipticLlm, 617. 
Allonychia, 498,485. 
A llorisma, 619, 487, 517. 
Ambonychia, 489, 483, 485, 490, 491, 49::!, 494, 4~18, 

534.557. 
acutirostra, 494. 
affinis, 492, 490, 491. 
amygdalin a, 493, 490, 494. 
aphffia, 494. 
attenuat(~, 494, 495. 
bellistriata, 492, 479*,490-493,498,499. 
el'ecta, 496. 
intenneclia, 499. 
jamesi, 498. 
/ameUosa 494, 493, 495. 
nitida, 494. 
orbicularis, 490-493. 
planistriata, 491, 490, 492, 495. 
Tadiata, 498, 477*, 490. 
retrorsa, 499. 
robusta, 499. 

superb a, 494. 
llndata, 497. 

Ambonycbiidffi, 489, 476, 485, 501, 532, 5::!4, 537. 
American species of Oeraurus, note on classifica-

tion of, 736; ditto, of Lichas, 751. 
Ammonoidea, 761, 762. 
Amnigenia.486. 
Amphicmlia, ,l91, 485, 48P. 490. 
Amphion, 743. 
Angellum, 534. 
A ngle, genal, 697. 
Annulations, 698. 
A nodon topsis, 487. 
Anomalodonta, 498, 486. 
Anoptera, 485. 
Anthracomya, 485. 
Anthracoptera. 485. 
AnthraCOSia, 486. 
Aparchites, 643, 632, 633, 640, 642, 647, 650, 683. 

arrectus, 616. 
chatfieldensis, 646 . 
ellipticLls, 644, 637, 645. 
fimbriatus, 645. 
granilabiatus, 644, 645,646. 
inornatus, 647. 
leperditoides, 648. 
maccoyii, 644. 
millepunctatus, 645. 646. 
minutissimus, 648, 646. 

var. trentonensis, 646,686. 
ob/ongus, 640. 
obsaZetus, 640. 
simplex, 644. 
subovatus, 648. 
tyrrelIii, 647. 
unicornis, 649, 647. 
whiteavesii, 643. • 

Aperture of Gastropoda, 815. 
Apicalangle of Gastropoda, 817. 
Arca, 533, 584. 
Arcidffi. 533, 486, 583, 584. 
Archinacella, 828, 815, 820. 821, 822, 825-~27, 832, 

836, 837. 
canadensis, 828. 
cingulata, 829. 830, 833. 
deleta, 831, 833, 834. 



depressa, 830, 834. 
estella, 834, 836. 
instabilis, 836. 

var. incur va, 835, 834. 
patelliformis, 831, 826, 828, 830-833. 
perovalis, 830,829, 831. 
pileolum, 836, 834. 
powersi, 829, 820"" 821, 828-831. 
richmondensis, 834, 835. 
rotunda, 835. 
rugatina, 835. 
semicarinata, 833. 
simplex, 834, 836. 
simulatrix, 833, 830. 
subrotunda, 834. 
valida, 832, 833. 

Arges, 744, 746, 750, 753, 754. 
armatus, 746. 
consanguineus, 746\ 753. 
contusus, 746, 753. 
eriopis, 753. 
hispidus, 753. 
phlyctenoides, 746, 753. 
wesenbergeusis, 746. 

SCIENTIFIC INDEX. 

Barbatia, 533. 
Barychil ina, 632, (131. 
BarychilinidcB, 632. 
Bathyurus, 722. 

extans, 722*,723. 
longispi nus, 722. 
schucherti,724'-. 
spioiger, 723-'. 
stonemalli, 71N. 

Baylea, 960. 
Beaks of Lamellibranchiata, 475, 
Beecherella, 632, 691. 

anguJaris, 692. 
earinat<!, 69l, 692. 
cristata, 691. 
navicula, 692. 
ovata,692. 
subtumida, 691, 692. 

Beeeher"llidre, 691, 632, 692. 
Belemnites, 770, 773. 
Bellerophina, 857. 

CXXXlll 

Bellerophon, 914, 815, 844, 853, 854--858, 867, 868, 
875, 876,881,885,896,897,898, 9J2, 915, 922, 92:3, 
926. 

var. paulianus, 744,745*,746,753. acutu8, 869*. 
Argillrecia, 632, 631. 
Aristerella, 524, 483, 485, 501. 

nitidula, 524, 509. 
Arthropoda, 699. 
Articulating groove, 697. 
Asaphidre, 700. 
Asaphus, 700,710, 711. 

canadensis, 705. 
canalis, 707*. 
expanslls, 701*, 700, 711. 
extans, 722. 
huttoni, 710. 
megistos, 701. 
platycephalus, 701, 706. 
romingeri, 705. 
susre, 708. 
vigilans, 712. 

Ascoceras, 764. 
manubrium, 764"'. 

Asiphonida, 485. 
Astartella, 487. 
Astartidre, 487. 
Atalanta, 844, 858. 
Atrypa reticularis, 724. 
Avicula avifol'mis, 532. 

trentollensis, 532. 
A viculidre, 532, 485, 489. 
Aviculopecten, 485. 
A viculopinna, 485. 
Axinrea, 583, 584. 

sulplanata, 583. 
Axis of trilobit,es, 696. 

Bactrites, 764, 804. 
Balrdia, 632, 6::11, 690, 691, 693. 

anticostiensis, 691, 693. 
Bakeve,lia, 485. 

affinis, 853. 
alleg-oriclls, 85:3. 
antiquatus,847. 
argo, 913. 
bicarenus, 853. 
bilineatus, 917, 85:3. 
bilohatus, 868, 872, 873. 
blandfordianus, 853. 
canaliferus, 853. 
cancel/atlis, 872, 848. 
capax, 921, 85:3. 
carbollw'ius, 866. 
charon, 85:3. 
clausus, 916, 853, 917, 920. 
combsi, 85:3. 
contortus, 850, 91.5. 
costatus, 853. 
crasslls, 85:3. 
exigua, 896. 
explcmatus, 854. 
fasciatus, 85:3. 
ferrussaci, 853. 
fiscello-striata, 896. 
gibsoni, 853. 
giganteus,853. 
globulus, 85:3. 
hiulcus, 853. 
impress us, 85:3. 
jonesianus, 853. 
li ndsleyi, 889. 
lineatus, 853. 
macer, 913. 
rnacromphalus, 850. 
macrostorna, 854. 
martini, 85:3. 
micromphalus,866. 
miser, 853. 
mohri, 920, 85:3. 
montj'ortanus, 8.54. 

depressa, 830, 834. 
estella, 834, 836. 
instabilis, 836. 

var. incur va, 835, 834. 
patelliformis, 83[, 826, 828, 830-833. 
perovalis, 830,829, 83[. 
pileolum, 836, 834. 
powersi, 829, 820~, 821, 828-83l. 
richmondensis, 834, 835. 
rotunda, 835. 
rugatina, 835. 
semicarinata, 833. 
simplex, 834, 836. 
simulatrix, 833, 830. 
subrotunda, 834. 
valida, 832, 833. 

Arges, 744, 746, 750, 753, 754. 
armatus, 746. 
consanguineus, 746., 753. 
contusus, 746, 753. 
eriopis, 753. 
hispidus, 753. 
phlyctenoides, 746, 753. 
wesenbergeusis, 746. 

SCIENTIFIC INDEX. 

Barbatia, 533. 
Barychilina, 632, 631. 
Barychilinid~B, 632. 
Bathyurus, 722. 

extans, 722*,723. 
longispi [JUs, 722. 
schuchcrti,724'·. 
spioigc.r, 723". 
stonemani, 724. 

Baylea, 9HO. 
BeakR of Lamellibranchiata, 478. 
Beecherella, H32, 691. 

angularis, H92. 
carinat<!, 69l, 692. 
cristata, 691. 
navicula, H92. 
ovata, 692. 
subtumida, 69], H92. 

Beecher<"llidre, 69], 632, 692. 
Belemnites, 770, 773. 
Bellerophina, 857. 

CXXXIll 

Belleropbon, 914, 815, 844, 853, 854-858, 867, 868, 
875, 876,881,885,896,897,898, 9]2, 915, 922, 923, 
926. 

var. paulianus, 744,745*,746,753. acutus, 869*. 
Argillrncia, 632, 631. 
Aristerella, 524, 483, 485, 501. 

nitidula, 524, 509. 
Arthropoda, 699. 
Articulating groove, 697. 
Asaphidre, 700. 
Asaphus, 700,710, 71l. 

canadensis, 705. 
canalis, 707*. 
expanslls, 70[*, 700, 7l1. 
extans, 72g. 
huttoni, 7]0. 
megistos, 70l. 
platycephalus, 701, 706. 
romingeri, 705. 
susre, 708. 
vigilans, 71g. 

Ascoceras, 764. 
manubrium, 764"'. 

Asiphonida, 485. 
Astartella, 487. 
Astartidre, 487. 
Atalanta, 844, 858. 
Atrypa reticularis, 724. 
Avicula avijormis, 532. 

trentonensis, 532. 
A viculidre, 532, 485, 489. 
A viculopecten, 485. 
A viculopinna, 485. 
Axinrea, 583, 584. 

sulplanata, 583. 
Axis of trilobit,es, 696. 

Bactrites, 764,804. 
Balrdia, 632, 631, 690, 691, 693. 

anticostiensis, 691, 693. 

Bakeve, lia, 485. 

affinis, 853. 
alleg-oricus, 853. 
antiquatus, 847. 
argo, 913. 
bicarenus, 853. 
bilineatus, 917, 853. 
bilot-atus, 868, 872, 873. 
blandfordianus, 853. 
canaliferus, 853. 
cancel/atlis, 872, 848. 
capax, 921, 853. 
carbOnct7'ius, 855. 
charon, 853. 
clausus, 916, 853, 9[7, 920. 
com bsi, 853. 
contortus, 850, 91S. 
costatus, 853. 
crassus, 853. 
exigua, 896. 
explanatus, 854. 
fasciatus, 853. 
ferrussaci, 853. 
fiscello-striata, 896. 
gibsoni, 853. 
giganteus, 853. 
globulus, 853. 
hiulcus, 853. 
impressus, 853. 
jonesianus. 853. 
Ii ndsleyi, 889. 
lineatus, 853. 
macer, 9[3. 
macromphalu8, 8S0. 
macmstoma, 8.54. 
martini, 853. 
mic1'omphalus,856. 
miser, 853. 
mohri, 920, 853. 
montfortanus, 8.54. 
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morrowensis, 874, 873. 
nactus, 853. 
natator, 854. 
newbelTyi, 854. 
noclocannatus, 855. 
orbignyanlls, 855. 
orien talis, 853. 
palinurus, 913. 
palulus, 854, 924. 
pelops, 853. 
percarinatus, 853. 
pettos, 847. 
phale1'a, 928. 
platystoma, 918, 85:J, 919, 921,925. 
plenus, 853. 
plicatu5, 853. 
propinquus, 853. 
punctij1'ons, 894. 
rectangularis, 869. 
recticostatus, 853. 
recurva, 920, 853. 
1-uilis, 854. 
rug-osus,' 853. 
Rcalifer, 853. 
similis, 919. 853, 916, 918-921. 
sowerbyi, 853. 
sp. undet., 853. 
sphaera, 853. 
squamatus, 853. 
strictus, 856. 
subangularis, 920, 853. 
subglobulus, 917,853. 
sublawis, 853. 
substriatus, 913. 
sulcatus, 853. 
taenia, 850. 
tangentialis, 853. 
tenuifascia, 853. 
triangularis. 853. 
tricarinatus, 853. 
tTiliTCttus, 854. 
triloba tus, 848. 
troosti, 915,853,912, 916-920, 925,926. 

val'. liurginensis, 916, 853. 
tuberculatus, 853. 
ullcZulalus, 856. 
vaginati, :850. 
vasulites, 853. 
wisconsinensis,' 881. 

Bellerophontacea,'.844, 818, 845,848, 856, 877, 898, 
912, 922, 926, 1014 .. 

Bellerophontiidm,'852, 856, 859, 868, 876, 915, 922. 
925. 

Bembexia, 954, 9.55, 956, 1001,-1008. 
larteti, 955. 
sulcomarginata, 1001.* 

Bernix, 632. 
Beyrichia,:657, 631,632,650,656,658,669,674,675, 

677 ,'678, 679, 687. 
affinis, 679. 
bella, 657. 
bussacensis, 679. 
carinata, 679. 
chambersi, 676, 670, 677. 
ciliata, 673. 

clarki, 669, 679. 
complicata, 679. 
devonica, 669. 
digitata, 679. 
dissecta, 679. 
erratica, 679. 
guillieri, 674. 
haJJi, 669, 679. 
harpa,679. 
hastata, 676. 
hieroglyphica, 679. 
holli,657. 
initial is, 658, 654. 
kloodeni, 657. 674. 
lacunata, 679. 
lata, 657, 674. 
mamillosa, 679. 
marchica, 679. 
nodulosa, 679. 
oculije1'a, 679. 
palmata, 679. 
quaclrilirata, 679, 677. 
radians, 659. 
1'egulaTis, 679. 
ribeiriana, 679. 
signata, 679. 
siliqua, 687. 
subquadrata,669. 
trisulcata, 679. 

BeyrichieJJa, 632, 631. 
Reyrichiidm, 647, 630-632, 659, 671. 
Beyrichiopsis. 632, 631, 659. 
Beyrichona, 632. 
Body whorl of Gastropoda, 815. 
Bollia, 668, 632, 657, 667, 671, 672, 674, 678,681, 

682. 
auricularis, 674. 
bicollina, 669. 
bilobata. 669. 
c1 uplex, 669. 
granifera, 669. 
hindi, 669. 
interrupta, 669. 
lata, 657. 
obesa, 669. 
persulcata, 609, 668, 670, 679. 
pumilla, 669. 
regularis, 669, 668, 679. 
rotundata, 669. 
semicircularid, 669. 
semilunata, 669. 
Rubmquata, 669, 670, 682. 
symmetrica. 669, 657. 
ungula, 669, 670. 
unguloidea, 669, 679. 
uniflexa, 668, 669. 
vinei, 669,668, 682. 

var. mitis, 669. 
Border of cephalon, 697. 
Brachiopoda, 475. 
lira "lycinetus, 632, 631. 
Branchiogastropoda, 817. 
Bronteidre, 725. 
Bronteus, 725, 726. 

hibernicus, 726. 
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morrowensis, 874, 873. 
nactus, 853. 
natator, 854. 
newbelTyi, 854. 
noc1oeannatus, 855. 
orbignyanHs, 855. 
orien talis, 853. 
palinurus, 913. 
patulus, 854, 924. 
pelops, 853. 
percarinatus, 853. 
pettos, 847. 
phale?'a, 928. 
platystoma, 918, 85::l, 919, 921,925. 
plenus, 853. 
plica tU5, 853. 
propinquus, 853. 
punetij7'ons, 894. 
rectangularis, 869. 
recticostatus, 853. 
recurva, 920, 853. 
rudis, 854. 
rug-os us,' 853. 
~califer, 853. 
similis, 919. 853, 916, 918-921. 
sowerbyi, 853. 
sp. undet., 853. 
sphaera, 853. 
squamatus, 853. 
strietus, 856. 
subangularis, 920, 853. 
subglobulus, 917,853. 
sublawis, 853. 
substriatus, 913. 
sulcatus, 853. 
taenia, 850. 
tangentialis, 853. 
tenuifascia, 853. 
triangularis. 853. 
tricarinatus, 853. 
tTiliTatus, 854. 
triloba tus, 848. 
troosti, 915, 85:3, 912,916-920,925,926. 

var. burginensis, 916, 853. 
tuberculatus, 853. 
urI(/ulatus, 856. 
vuginati,:850. 
vasuli tes, 853. 
wiseonsinensis,' 881. 

Bellerophontacea,'.844, 818. 845,848, 856, 877, 898, 
912, 922, 926, 1014. 

Bellerophontiid~e,'852, 856,859, 868, 876, 915, 922. 
925. 

Bembexia, Sl54, 9.55, 956, 1001,-1008. 
larteti, 955. 
sulcomarginata, 1001.* 

Bernix, 632. 
Beyrichia,:657, 631,632,650,656,658,669,674,675, 

677,'678,679,687. 
affinis, 679. 
bella, 657. 
bussacensis, 679. 
carinata, 679. 
chumbersi, 676, 670, 677. 
ciliata, G73. 

clarki, 669, 679. 
complicata, 679. 
devonica, 669. 
digitata, 679. 
dissecta, 679. 
erratica, 679. 
guillieri, 674. 
halli, 669, 679. 
harpa, 679. 
hastata, 676. 
hieroglyphica, 679. 
holli,657. 
initialis, 658, 654. 
kloodeni, 657. 674. 
lacunata, 679. 
lata, 657, 674. 
mamillosa, 679. 
marchica, 679. 
nodulosa, 679. 
oeulije?'a, 679. 
palmata, 679. 
quaclrili7'uta, 679, 677. 
radians, 659. 
ngularis, 679. 
ribeiriana, 679. 
signata, 679. 
siliqua, 687. 
subquadrata, 669. 
trisulcata, 679. 

Beyrichiella, 63::!, 631. 
Reyrichiid~, 647, 630-632, 659, 671. 
Beyrichiopsis. 632, 631, 659. 
Beyrichona, 632. 
Body whorl of Gastropoda, 815. 
Bollia, 668, 632, 657, 667, 671, 672, 674, 678,681, 

682. 
auricularis, 674. 
bicollina, 669. 
bilobata. 669. 
el uplex, 669. 
granifera, 669. 
hindi, 669. 
interrupta, 669. 
lata, 657. 
obesa, 669. 
persulcata, 669,668, 670, 679. 
pumilia, 669. 
regularis, 669, 668, 679. 
rotundata, 669. 
semicircularid, 669. 
semilunata, 669. 
Rub~quata, 669, 670, 682. 
symmetrica, 669, 657. 
ungula, 669, 670. 
unguloidea, 669, 679. 
uniflexa, 668, 669. 
vinei, 669, 668, 682. 

var. mitis, 669. 
Boreler of cephalon, 697. 
Brachiopoda, 475. 
lIra'lycinetus, 632, 631. 
Branchiogastropoda, 817. 
Bronteid re, 725. 
Bronteus, 725, 726. 

hibernicus, 726. 
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laticauda, 726. 
lllnatus, 726. 

Bucanella, 848, 849, 875, 876, 882, 922, 924. 
esthona, 849, 876, 882, 923. 
nan a, 848. 
substriata, 876. 
trilobata, 924. 

Bucania, 883, 849; 850, 851, 853, 858, S66-8tl8, 875-
877, 881, 884-886,894-899, 904, 905, 914, 922-92-t. 

bidorsata, 877, 849, 882, 886, 923. 
buelli, 900, 901. 
costata, 1044. 
crassa., 895,851,896. 
elliptica, 888, 851. 
emmonsi, 887, 851,888. 
expansa, 884, 883, 886, 897, 904. 
frankforteosis, 891, 851, 893. 
halli, 886, 851, 887, 888. 
iotexta, 851, 886-888. 
lindsleyi, 889,851, 875, 884, 890-895, 897. 
micronema, 892.851. 
minnesotensis, 887,851. 
nana, 895,851, 896. 

var. subpatula, 896, 851. 
nashvillensis, 890, 850, 851, 891,893,897. 
ozekanowskii, 851. 
peracuta, 896,851. 
platistoma, 918. 
punctifrons, 894, 851, 886, 889, 895, 896. 
rotundata, 850, 886. 
rugatina, 890, 851, 891, 892. 
simulatrix, 892, 851, 893, 904. 
siogularis, 894, 851. 
subangulata, 891, 8M, 866. 
sublata, 888, 851, 892. 
sulcatina, 850, 883-887, 889, 897, 922. 
trilobata, 848. 

Bucaniidre, 849, 848, 850, 866, 875, 884, 913, 915. 
Bucanopsis, 922, 849, 853, 85-1, 868, 875-877, 882, 

883, 885, 915, 923-925. 
angustifasciata, 854. 
carinifera, 925, 853, 923. 
clathrata, 854. 
decussata. 854. 
elegans, 854. 
elliptica, 8M. 924. 
esthona, 924. 
exigua, 853. 
gemma, 853. 
integra, 854. 
kansasensis, 854. 
kattaensis, 854. 
latevitta, 853. 
leda, 854, 924. 
lineolata, 854. 
lyra, 854, 924. 
marcouana, 854, 924. 
meekana, 854, 
montfortianus, 924. 
neglecta, 854. 
ornatissima, 854. 
reperta, 854. 
rotalinea, 854. 
striata, 854. 
subdecussata, 854. 

substriata, 854,924, 925. 
textilis, 854, 924. 

Bucanospira, 1044, 815, 1045. 
expansa, 1044*, 1045. 

Bnlimorpha, 1069, 1079. 
Bumastus, 719. 

orbicaudatus, 72201<,714, 715, 721. 
trentonensis, 718, 713-715, 719*,7201',721*,722. 

BursulelIa, 632. 
Byssal opening, 478. 
8yssonychia, 498, 485, 490, 492, 499. 

intermedia, 499, 500. 
radiata, 477*, 479*, 492, 499. 
tenuistriata, 500*. 
vera, 500, 499, 628. 

Byssopteria, 485. 
Byssus, 476. 
Bythocypris, 686, 630-632, 685-691. 

concinna, 688, 689. 
curta, 689, 687. 
cylindrica, 687, 653, 685-689. 
granti,689. 
ovata, 689. 
robusta, 690.* 
.testacella, 688. 

Rythocythere, 632. 

Oalymmene, 699. 
blumenbachi, 700. 
callicephala, 699*, 700. 
senaria, 700*, 699. 

Oalymmenidre, 699, 
Oalyptrreiche, 1068, 822, 1044. 
Oameroceras, 775, 763, 765, 772, 777, 778, 780. 788. 

burchardi, 765*. 
hennepini, 779,812. 
protei forme, 777,765*,766*, 812. 
sp., 780,812. 
sp. nov., 780, 812. 
trentonense, 775. 

Candona, 632, 631. 
(Japulidre, 1068. 
Capulus, 822. 
Carbonarca, 486. 
Carbonia, 632. 
Carboniferous Ostracoda, 631. 
Cardinal (dorsal) slope, 478. 
Oardiola, 486. 
Oardiomorpha, 487. 
Oardiomorphidm, 487. 
Cardiopsis,486. 
Oarinaropsidre, 857. 
Oarinaropsis, 926, 854, 857, 859, 865, 866, 927. 

acuta, 928, 858. 
carinata, 858. 
cunulre, 927, 858, 928. 
cymbula, 927, 858, 929. 
deleta, 831. 
explanata, 929. 858. 
minima, 929, 858. 
patelliform is, 831, 832. 
phalera, 928, 858, 929. 
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laticauda, 726. 
lunatus, 726. 

Bucanella, 848, 849, 875, 876, 882, 922, 924. 
esthona, 849, 876, 882, 923. 
nana,848. 
substriata,876. 
trilobata, 924. 

Bucania, 883, 849; 850, 851, 853, 858, S66-8p8, 87G-
877, 881, 884-886,894-899, 904, 905, 914, 922-92·L 

bidoTsata, 877, 849, 882, 886, 923. 
buelli, 900, 901. 

costata, 1044. 
crassa, 895,851, 89tJ. 
elliptica, 888, 851. 
emmonsi, 887, 851, 888. 
expansa, 884, 883, 886, 897, 904. 
fran kfortensis, 891, 85 I, 893. 
halli, 886, 851, 887, 888. 
intexta, 851,886-888. 
lindsleyi, 889, 851, 875, 884, 890-895, 897. 
micronema, 892, 851. 
minnesotensis, 887, 851. 
nana, 895,851, 896. 

var. subpatula, 896, 851. 
nashvillensis, 890, 850, 851,891,893,897. 
ozekanowskii, 851. 
peracuta, 896, 851. 
platistoma, 918. 
punctifrons, 894, 851,886, 889, 895, 896. 
rotunclo.,ta, 850, 886. 
rugatina, 890, 851, 891, 892. 
simulatrix, 892, 851, 893, 904. 
singularis, 894, 851. 
subangulata, 891, 851, 866. 
sublata, 888, 851, 892. 
sulcatina, 850,883-887, 889, 897,922. 
trilobata, 848. 

Bucaniidro, 849, 848, 850, 866, 875, 884, 913, 915. 
Bucanopsis, 922, 849, 853, 854, 868, 875-877, 882, 

883, 885, 915, 923-925. 
angustifasciata, 854. 
carinifera, 925, 853, 923. 
clathrata, 854. 
decussata. 854. 
elegans, 854. 
elliptica, 851. 924. 
esthona, 924. 
exigua, 853. 
gemma, 853. 
integra, 854. 
kansasensis, 854. 
kattaensis, 854. 
latevitta, 853. 
leda, 854, 924. 
lineolata, 854. 
lyra, 854, 924. 
marcouana, 854, 924. 
meekana, 854, 
montfortianus, 924. 
neglecta, 854. 
ornatissima, 854. 
reperta, 854. 
rotalinea, 854. 
striata, 854. 
subdeCllssata, 854. 

substriata, 854, 924, 925. 
textiliS, 854, 924. 

Bucanospira, 1044, 815, 1045. 
expansa, 1044\ 1045. 

Blllimorpha, 1069, 1079. 
Bumastus, 719. 

orbicaudatus, 722*,714, 715, 721. 
trentonensis, 718,713-715,719*,720*,721',722. 

Bursulella, 632. 
Byssal opening, 478. 
Byssonychia, 498, 485, 490, 492, 499. 

intermedia, 499, 500. 
radiata, 477*,479*,492, 4!J9. 
tenuistriata, 500*. 
vera, 500, 499, 628. 

Byssopteria, 485. 
Byssus, 476. 
Bythocypris, 686, 630-632, 685-691. 

concinna, 688, 689. 
curta, 689, 687. 
cylindrica, 687, 653, 685-689. 
granti, 689. 
ovata, 689. 
robusta, 690." 
testacella, 688. 

Rythocythere, 632. 

Calymmene, 699. 
blumenbachi,700. 
callicephala, 699*, 700. 
senaria, 700*, 699. 

Calymmenidro, 699, 
Calyptrroida~, 1068. 822, 1044. 
Cameroceras, 775, 763, 765, 772, 777, 778, 780. 788. 

burcharcli, 765*. 
hennepini, 779,812. 
protei forme, 777,765*, 766*, 812. 
sp., 780,812. 
sp. nov., 780, 812. 
trentonense, 775. 

Candona, 6:{2, 631. 
()apulidro, 1068. 
Capulus, 822. 
Carbonarca, 486. 
Carbonia, 632. 
Carboniferous Ostracoda, 631. 
Cardinal (clorsal) slope, 478. 
Cardiola, 486. 
Cardiomorpha, 487. 
Cardiomorphidm, 487. 
Cardiopsis, 486. 
Carinaropsidro, 857. 
Carinaropsis, 926,854, 857,859, 865,866, 927. 

acuta, 928, 8513. 
carinata, 858. 
cunulro, 927, 858,928. 
cymbula, 927, 858, 929. 
eleleta, 831. 
explanata, 929. 858. 
minima, 929, 858. 
patelliform is, 831, 832. 
phalera, 928, 858, 929. 
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Caudal spine, 698. 
Caularops canadensis, 1024. 

lituiformis, lO::l3. 
Cephalon, 696. 
Cephalopoda, 475; chapter on, 761-812. 
Ceratolicbus, 753. 

dracon, 753. 
gryps, 753. 

Ceratella, 657. 
cham bersi, 659. 

Ceratopsis, 675, 657, 676, 678. 
chambersi, 676,654,657. 

var. robusta, 677*, 676. 
hastata, 676. 
intermedia, 676. 
oculifera, 676. 

Cerauridre, 734. 
Ceraurus, 738, 734, 736, 737. 

american species of, note on classification, 736. 
apollo, 738. 
glaucus, 737, 738. 
icarus, 737, 738. 
ins'ignis, 738. 
mercurius, 738. 
niagarensis, 738. 
nurninitor, 737. 738. 
nuperus, 738. 
perforator, 737,738. 
pleurexanthemus, 734, 736, 738. 
polydorus, 738. 
pompilus, 738. 
proliflcus, 737, 738. 
rarus, ?:l8. 
robusta, 738. 
sal teri, 738. 
satyrlls, 737, 738. 
scofieldi, 738. 
sub-generic classification, 736. 
tarquinius, 738. 
trentonensis, 738. 

Cerithidre, 947. 
Cephalopoda, 475. 
Chamocardia, 485. 
Cha~nocardiida3, 485. 
Chrenodomus, 628. 

typicalis, 477*. 
Chrenornya, 487. 
Chasmops, 732-734. 

troosti, 732, 734. 
Cheeks of trilobites, 697. 
Cheirurus, 736. 
Chelotia, 949, 960. 
Cimitaria, 619,487. 
Classification, of Gastropoda, 817; of Larnelli

branchiata, 484; of Paleozoic Ostracoda, 631. 
Clathrospira, 1005,954,957,1001, 1006, 1007. 

conica, 1008, 1007. 
convexa, 1007. 
subcunica, 1006, 1007, 1008. 

Clavicle, 480. 
Oleidophonts mojo)', 611. 
Clidophorus, 606, 486, 478, 479*, 480, 483,582, 612, 

628, 847. 
consuetus, 606. 
cuneatus, 607. 

fabula, 608, 607. 
ellipticus, 607. 
elongatus, 607. 
major, 611. 
neglectus, 607. 
planulatus, 607. 

Olinoceras, 797, 764, 778, 804. 
dens, 797. 
rnurnireforrne, 797, 8J2. 

Clinopistha, 478,486. 
Clionychia, 493, 483, 485, 490, 49], 49~, 495,498. 

erecta, 496, 497. 
larnellosa, 494,495-497. 
nitida, 495, 496. 
rhomboidea, 496. 
undata, 497,491. 

Clisiospira, 816. 
Ccelocaulus, 1019,959, 1020. 

barroisi, 1019, 1020. 
davjdsoni, 959, ]020. 
neglectus, 1020, ]019. 
cehlerti, 1020. 
.procerus, 1020. 

Colpoceras, 777. 
Colpnmya, 522,485,523, 524. 

constricta, 523*. 
demissa, 524, 523, 525. 

Columella of Gastropoda, 8]5. 
Conchopeltis, 823, 839. 

alternata, 823*, 839. 
minnesotensis, 838, 823, 839. 
obtusa, 841. 

Conocardiidre, 41l7. 
Conocardium, 487 
Conolichas, 749, 753,754. 

cornutus, 749*,752,754. 
eriopis, 753, 751. 
hispidus, 753, 754. 
pust.ulosus, 754. 

Conradella, 904, 850, 851, 858, 859, 866, 883, 886, 
898, 905, 906. 

bellula, 910,852, 911. 
cOlllpressa, 908, 85:?, 906, 907. 
dyeri, 909, 852, 906, 908-911. 

var. cellulosa, 910, 852. 
elegans, 911, 852, 910, 9]2. 
fimbriata, 907, 852. 
grand is, 908,852, 909. 
imbricata. 911, 852, 912. 
obliqua, 906,852, 907. 
pannosa, 852, 906. 
similis, 906, 852, 907. 
triangularis, 908, 852, 909, 911, 912. 

Cornura, 733. 
Corycephalus, 733. 
Cranidium, 697. 
Cranoceras, 803. 
Craspedostoma, 1045, 1043. 
Crassatellidre, 608. 
Crenipecten, 485. 
Cretaceuus Ostracoda, 631. 
Crotalocephal us, 737, 738. 

niagarensis, 737, 738. 
insignis, 738. 
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Cauclal spine, 698. 
Caularops canadensis, 1024. 

lituiformis, 1O:l3. 
Cephalon, 696. 
Cephalopocla, 475; chapter on, 761-812. 
Ceratolichus, 753. 

clracon, 753. 
gryps, 753. 

Ceratella, 657. 
chambersi, 659. 

Ceratopsis, 675,657,676,678. 
cham\Jersi, 676, 654, 657. 

var. robusta, 677'*, 676. 
hastata, 676. 
in termeclia, 676. 
oculifera, 676. 

Cerauriclffi, 734. 
Ceraurns, 738, 734, 736, 737. 

american species of, note on classification, 736. 
apollo, 738. 
glaucus, 737, 738. 
icarus, 737, 738. 
insignis, 738. 
mercurius, 738. 
niagarensis, 738. 
numinitor, 737. 738. 
nuperus, 738. 
perforator, 737,738. 
pleurexanthemus, 734,736, 738. 
polydorus, 738. 
pompilus, 738. 
prolittcus, 737, 738. 
rarus, 7:)8. 
robusta, 738. 
sal teri, 738. 
satyrus, 737, 738. 
scofielcli, 738. 
sub-~eneric classification, 736. 
tarquinius, 738. 
trentonensis, 738. 

Cerithiclm, 9~7. 
Cephalopoda, 475. 
Cbamocardia, 485. 
Oha~nocardii(hlJ, 485. 
Cbmnodomus, 628. 

typicalis, 177*. 
Chmnomya, 487. 
Chasmops, 732-734. 

troosti, 732, 7:34. 
Cheeks of trilo bi tes, 697. 
Cheirurus, 736. 
Cbelotia, 9~9, 960. 
Oimitaria, 619, 487. 
Classification, of Gastropoda, 817; of Lamelli

brancbiata, 484; of Paleozoic Ostracoda, 631. 
Clathrospira, 1005, 954, 957, 1001, 1006, 1007. 

conica, 1008,1007. 
convexa, 1007. 
su bcunica, 1006, 1007. 1008. 

Clavicle, 480. 
Cleidophorlls mujor, 611. 
Clidophorus, 606, 486, 478, 479*, 480, 483, 582, 612, 

628,847. 
consuetus, 606. 
cuneatus, 607. 

fabula, 608, 607. 
ellipticus, 607. 
elongatus, 607. 
mujor, 611. 
neglectus, 607. 
planulatus, 607. 

Clinoceras, 797, 764, 778, 804. 
dens, 797. 
mumiffiforme, 797, 8J2. 

Clinopistha, 478,486. 
Clionychia, 493, 483, 485, 490, 491, 494, 495, 498. 

erecta, 496, 497. 
lamellosa, 494,495-497. 
nitida, 495, 496. 
rhomboidea, 496. 
undata, 497,491. 

Clisiospira, 816. 
Ccelocaulus, 1019, 959, 1020. 

barroisi, 1019, 1020. 
davidsoni, 959, 1020. 
neglectus, 1020, 1019. 
cehlerti, 1020. 

.procerus, 1020. 
Colpoceras, 777. 
Colpnmya, 522,485,523, 524. 

constricta, 523*. 
dem issa, 524, 523, 525. 

Columella of Gastropoda, 815. 
Conchopeltis, 823, 839. 

alternata, 823*, 839. 
rninnesotensis, 838, 823, 839. 
obtusu, 841. 

Conocardiidffi,487. 
Conocardium, 487 
Conolichas, 749, 753,754. 

cornutus, 749*,752,754. 
eriopis, 753, 754, 
hispidus, 753, 754. 
pust.ulosus, 754. 

Conrad ella, 904, 850, 851, 858, 859, 866, 883, 886, 
898, 905, 906. 

bellula, 910,852,911. 
cOlllpressa, 908, 85:?, 906, 907. 
dyeri, 909, 852, 906, 908-91 l. 

var. cellulosa, 910, 852. 
elegans, 911, 852, 910, 912. 
fimbriata, 907, 852. 
grand is, 908, 852, 909. 
imbricata. 911, 852, 912. 
obliqua, 906,852, 907. 
pannosa, 852, 906. 
similis, 906, 852, 907. 
triangularis, 908, 852, 909, 911, 912. 

Cornura, 733. 
Corycephalus, 733. 
Cranidium, 697. 
Cranoceras, 803. 
Craspedostoma, 1045, 10~3. 

Crassatellidffi, 608. 
Crenipecten, 485. 
Cretaceous Ostracoda, 63l. 
Crotalocephal us, 737, 738. 

niagarensis, 737, 738. 
insignis, 738. 



SCIENTIFIC INDEX. cxxxvii 

Orustacea, 629, 699; Chapter on Ostracoda, 629-693; 
Ohapter 'on trilobites, 695-759. 

Or,Vpbams, 733. 
Oryptamia, 958, 960. 
Ctenobolbina, 673, 632, 656, 657, 667, 672, 674, 676, 

678. 
bispinosa, 674. 
ciliata, 673, 654, 659, 674. 

var. emaciata, 673*. 
crassa, 675, 673, 674. 
duryi,675. 
fulcrata, 674, 667, 675. 
informis, 674. 
minima, 674. 
papillosa, 674. 
punctata, 674. 
tumida, 674. 

Otenodonta, 578, 483, 486, 533, 579, 580, 582-584, 
628,847. 

abrupta, 593, 581. 
al bertina, 598, 581, 595, 597, 599. 
alta, 602, 580, 581, 603. 
angela, 581. 
appressa, 580. 
astartiformis, 601, 579, 581, 602, 604. 
calvini, 596, 581, 597. 
carinata, 589, 581, 590. 
cingulata, 581. 
circularis, 581. 
compressa, 600,581-583, 591,602,603. 
contracta, 587, 581, 588,590. 
crandalli,.580. 
cuneiformis, 587, 580, 586. 
danvillensis, 581. 
donaciformis, 581. 
dubia, 581. 
fecunda, 595, 581,582,596,598, 599. 
filistriata, 599*,581,597,598. 
gibberula, 587, 581, 588-590, 592, 599*. 
gibberula group, 581, 587. 
gibbosa, 581. 
hamburgensis, 605, 606. 
hartsvillensis, 581. 
hilH, 581. 
intermedia, 601, 581, 602, 607. 
iphigenia, 580. 
levata, 590, 581, 593, 595, 628. 
levata group, 581, 5H2, 592. 
logani, 583, 581, 584. 
logani group, 581, 591. 
longa, 590, 581. 
madlsonensis, 597,581,598. 
medialis, 593, 581, 594. 
mundula, 597, 581. 
nasuta, 584, 578, 580,583-587,592. 

var. robusta, 585, 580. 
nasuta group, 580, 583, 584. 
nitida, 592,581,593-595, 598, 599. 
nuculiformis, 582, 581. 
obliqua, 604,581. 
ovata,581. 
oviformis, 586, 580. 
pectunculoides, 581. 
pectunculoides group, 581. 

peJ'rninuta, 581. 
planodorsata, 589,581,590,591, 6Hi. 
pulchella, 581. 
recurva, 603, 578, 583, 602, 604. 
rccurva group, 581, 582, 600. 
regia, 585, 580. 
ret rosa, 581. 
scofieldi, 593,581, 591, 595. 
similis, 604,603. 
aimulatrix, 600. 581, 596. 
socialis, 594, 581, ri91, 593, 596, 606. 
subnasuta, 585, 580, 586,587, 591. 
subrotunda, 583, 581. 
tennesseensis, 583, 581. 
tumida, 597, 581. 

Cucullella, 606. 
Ouneamya, 620, 478, 481*, 483,487, 517, 621, 625 

627. 
coriformis, 622, 621, 623. 
curta, 477*, 621. 
rniamiensis, 621, 623. 
oblonga, 62:J. 
scapha, 623. 
sulcodorsata, 625. 
truncatula, 622, 620, 623. 

Outtle·fish, 761. 
Oybele, 742, 743. 

bellata, 742*. 
mira, 7i3. 
revalensis, 743. 
winchelli, 742*, 743. 

Oycloconcha, 617, 483, 487. 
Oycloconchidre, 617,487,628. 
Oyclonema, 1056, 1)47, 939, 1043-1047, 1054, 1857-

1059, 1061, 1063, 1064. 
adst1'ictum, 1064. 
bilix, 1058, 1056-1059. 

var. conicum, 1059. 
fiuctuatum, 1059, J057. 
lata, 1059. 

callcellatum, 1064, 1058. 
carinatum, 1057. 
cincirmatiense, 1060. 
delicatulu1n, 1064. 
jluctucttum, 1058. 
gracile, 1062, 10m, 1064. 

var. striatum, 1062. 
humerosum, 1061. 
infiatum, 1060, IOG7. 
limatum, 1063. 
mediale, 105H, 105fi-J062. 
noclulosum, 1857. 
percct1'inntwn, 105'1. 
pyramidatum, 106'. 
semicctri?latum, lU55, 1057. 
sirnulans, 1061, 1062. 
sublawe, 1062. 
transversum, 1062,939, 1047. 
varicosum, 1060, 1046. 
'ventricosa, 1060. 

Oyclora, 847. 
Oymatonota, 628, 485, 501. 
Oyphaspis, 759. 

brevimarginata, 759. 

SCIENTIFIC INDEX. cxxxvii 

Crustacea, 629,699; Chapter on Ostracoda, 629-fi93; 
Chapter "on trilobites, 695-759. 

Cryphams, 733. 
Cryptamia, 958, 960. 
Ctenobolbina, 673,632,656,657,667, (J72, 674, (nfi, 

678. 
bispinosa, 674. 
cil1ata, 673, 654, 659,674. 

var. emaciata, 673*. 
crassa, 675, 673, 674. 
duryi,675. 
fulcrata, 674, 667, 675. 
informis, 674. 
minima, 674. 
papillosa, 674. 
punctata, 614. 
tumida, 674. 

Ctenodonta, 578, 483, 486, 533, 579, 580, 582-584, 
628,847. 

abrupta, 593, 58I. 
albertina, 598, 581, 595,597, 599. 
alta, 602, 580, 581, 603. 
angela, 58I. 
appressa, 580. 
astartiformis, 601, 579,581,602,604. 
calvini, 596, 581, 597. 
carinata, 589, 581, G90. 
cingulata, 58I. 
circularis, 58I. 
compressa, 600, 5S1-583, 591, (JO:Z, 603. 
contracta, 587, 581, 588, 590. 
crandalli,.580. 
cuneiformis, 587, 580,586. 
danvillensis,58I. 
donaciformis, 581. 
dubia,58I. 
fecunda, 595, 581,582, 596. 598, 599. 
filistriata, 599*,581,597, 598. 
gibberula, 587, 581, 588-590, 592, 599*. 
gibberula group, 581, 587. 
gibbosa, 58I. 
hamburgensis, 605, G06. 
hartsvillensis, 581. 
hUli, 581. 
intermedia, 601, 581, 602, 607. 
iphigenia. 580. 
levata, 590, 581, 593, 595, 628. 
levata group, 581, 582, Grl2. 
logani, 583, 581, 584. 
logani group, 581, 591. 
longa, 590, 581. 
madisonensis, 597,581,598. 
medialis, 593, 581, 594. 
mundula, 597, 581. 
nasu ta, 584, 578, 580, 583-587, 592. 

var. robusta, 585, 580. 
nasuta group, 580, 583,584. 
nitida, 592, 581, 593-595, 598, 599. 
nuculiformis, 582, 581. 
obliqua, 604, 581. 
ovata, 58L 
oviform is, 586, 580. 
pectunculoides, 581. 
pectunculoides group, 581. 

pel'lllinuta, G8I. 
planodnrsata, 589, G81, 5\)0, G91, (jJ(j. 

pulchella, GS1. 
recurva, 603, 578, G83, 602, 604, 
recur va group. 581, 582, fiOO. 
regia, 58G, 580. 
r('trosa, 531. 
scofieldi, 593,581,591, fi9". 
similis. 604, 603. 
~imulatrix, 600. 581, G96. 
social is, 5Uio, 581, G91, i59a. G96, 606. 
subnasuta, 585, G80, 586, G87, 591. 
subrotunda, 583, 581. 
tennesseensis, 583, S81. 
tumida, 597. 581. 

Cucullella, 606. 
Cuneamya, 620, 478, 481*, 483, 487, 517, 621, 625 

627. 
coriformis, 622, 621, 623. 
curta, 477"", 621. 
miamiensis, (521, f523. 
oblonga,62:J. 
scapha, 62:3. 
8ulcodo1"sata, 625. 
truncatula, 622. 6~0, 623. 

Cuttle-fish,761. 
Cybele, 742, 743. 

bella ta, 742*. 
mira, 743. 
revalensis, 74:3. 
winchelli, 742*, 743. 

Cycloconcha, 617, 483, 487. 
Cycloconchidao, 617,487,628. 
Cyclonema, 1056, H47, 939, 1043-1047, 1054, 1857-

1059, 1061, 1063, 10f54. 
aclstJ'ictum, 10C4. 
bilix, 1058, 1056-1059. 

var. conicum, 1059. 
fluctuatum, 1059, lOG? 
lctta, 1059. 

CClllcellatllm, 1064, lOSS. 

carinatum, 1057. 
cincimwtiense, 1061). 

cleUcatulum, 10C4. 
j/.uctuatum, 105S. 
gracile, ] 062, 10,,7, 1064. 

var. striatum, IOG2. 
humerosum,10()1. 
iuflatum, 1060, 10;,7. 
limatum, 1063, 
mediale, 105H, IOfili-l062. 
noclulosul)" lS57. 
pe1"carinatwn, 10[//. 
pyramidatum, 106'. 
semicar·i71atum, 11155, 10m. 
simulans, IOn I, 10G2. 
sublaove, 1062. 
transversum, 1062,939,1047. 
varicosum, 1060, 1046. 
vent7·icosa. lOCO. 

Cyclora, 847. 
Cymatonota, 628, 485, 501. 
Cyphaspis, 759. 

brevimarginata, 759. 
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galenensis,759*. 
girarcleauensis, 759. 

Cypre lla, 6:{2. 
Cypri ca rdella, 501, 485. 
Oypr icarclinia, 486. 
Cypri ca rcliniiclm, 486. 
Cyprie.arclites, 535, 484, 486, 534,536, 539, 561, G65, 

573, 577. 
bre'viHscHlct, 535. 
canadensis, 535. 
carinata, 565. 
cing ulata, 545. 
curtis, 536. 
Qanti, 53S. 
ge1'1nanus, 547'. 
glabella, 543. 
grandis, 547. 
hainesi, 535. 
haynianus, 557', ci35. 
hindi,535. 
hm'onensis, 535. 
luculentus, 547, 549. 
megambonus, 570,535. 
minnesotensis, 543. 
modestus, 627, 625. 
nan us, 558. 
niotct, 560. 
obliqua, 540, 535. 
obtusa, 535. 
obtusifrons, 554. 
oviformis, 544. 
plebeia, 535. 
quo,d1'angularis, 566, 535. 
'rectirostris, 535. 
rotundatus, 552, 535, 553, 560. 
rugosa, 535. 
saffordi, 535. 
sardesoni, 555. 
spinijera, 535. 
sterlingensis, 535, 567. 
subangulata, 535. 
subcarinata, 535. 
subspatulata, 535. 
tenellus, 546. 
triangularis, 557. 
ventricoslts, 538,535, 539, 560, 573. 
vicinlls, 554. 
winchelli, 535. 
wortheni, 561. 

Cypriclm, 686, 629, 631, 632, 690. 
Cypridella, 632. 
Uypriclina, 632, 631, 633, 688. 

minuta, 688. 
Cypriclinella, 632. 
Cyprinidm, 632, 631. 
Cyprosina, 632. 
Cyprosis, 632. 
Cyreniclm, 60S. 
Cyrtina, 724. 
Cyrtoceras, 803, 762, 764, 766, 774, 776, 796, 799. 

billingsi, 806, 805, S12. 
camurum, 805, 80S, S12. 
corniculum, 809, S12. 
featherstonhaughi, 807, S12. 

hallianum, 805, 806,812. 
houghtoni, 807, 812. 
lamellos1lm, 805, 806. 
minneapolis, 808, 812. 
neleus, 804, 812. 
norwoocli, 809, S12. 
scofielcli: 810, 812. 
shumarcli, 810, 812. 

Cyrtoceraticlm, 803. 
Cyrtocerina, 774,812. 

exiguum, 798. 
manitobense, 799. 
mercurius, 774. 
planodorsatum, 792. 
schoolcrafti, 774, 812. 
typica, 774. 

Cyrtoclonta, 534, 4S6, 504, 506, 521, 533-536, 5a9, 
541, 544, 546, 549, 550, 556, 560, 561,563-566,571, 
573, 574. 

acutumbona, 565. 
affinis, 540, 513, 541, 564. 

var. fillmorensis, 540. 
ampla, 538. 
billingsi, 538, 539, 543. 
breviuscula, 535. 
canadensis, 534, 535, 537, 546. 
carinata, 540. 
cingulata, 545, 542, 544, 546, 556. 
cordiform is, 577. 
dictma, 546. 
emma, 619. 
ganti, 521*. 
german a, 547*, 543, 54S, 549. 
gibbera, 542. 
glabella, 543, 538, 539, 544, 545, 560, 561. 
granclis, 547*,543, 546-549. 

var. germana, 549, 546, 54S. 
intermedia, 549, 547*. 
luculenta, 549, 546, 567. 

ha.lli, 541. 
hayniana, 557, 559. 
huronensis, 535, 537-539, 573. 
janesvillensis, 537, 5;)S, 574. 
obesa, 542. 
obliqua, 540, 535, 538, 539. 
obtusa, 535. 
oviformis, 544. 
parva, 541. 
persimilis, 544, 539, 541, 546, 561. 
primigenia, 546. 
rotulata, 541, 542, 544, 546. 
rugosus, 534, 535. 
safi'orcli, 545, 535, 549. 
sigmoidea, 565. 
spinifera, 535. 
subangulata, 535. 
subcarinata, 540, 535, 574. 
subovata, 536,505, 538, 539. 
subspatulata, 535. 
tenella, 546,544,547, 549. 
winchelli, 521*. 

Cyrtodontidm, 533, 486, 502, 521, 534, 557. 
Cyrtolites, 858, 842, 845, 846,847,851,859,863,866, 

867, 897, 904, 905, 912, 918, 926. 
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galenensis,759*. 
girardeauensis, 759. 

Cypre lla, 6:{2. 
Cypricardella, 501, 485. 
Oypricardinia, 486. 
Cypricardiniidm, 486. 
Cypriearclites, 535, 484, 486, 534,536, 539, 561, 565, 

573,577. 
bre'viuscula, 535. 
can aden sis, 53[). 
carinata, 565. 
cinguluta, 545. 
curtis, 536. 
flanti, 535. 
germanus, 547'. 
glabella, 543. 
grandis, 547. 
hainesi, 535. 
haynianus, 557, 535. 
hindi,535. 
hm'onensis, 535. 
luculentus, 547, 549. 
megamuonus, 570,535. 
minnesotensis, 543. 
modestus, 627, 625. 
nan us, 558. 
niota, 560, 
obliqua, 540, 535. 
obtusa, 535. 
obtusi/rons, 554. 
ovijormis, 544. 
plebeia, 535. 
quo,d1'ungularis, 566, 535. 
crecticrostris, 535. 
Totunclatus, 552, 535, 553, 560. 
"ugosa, 535. 
sajfordi, 535. 
sarcZesoni, 555. 
spinijera, 535. 
sterlingensis, 535, 567. 
subangulata, 535. 
subcacrinata, 535. 
subspatulctta, 535. 
tenellus, 546. 
triangularis, 557. 
ventricOSHs, 538,535, 539, 560, 573. 
vicinus, 554. 
winchelli, 535. 
wortheni, 561. 

Cypridm, 686, 629, 631, 632, 690. 
Cypridella, 632. 
Uypridina, 632, 631, 633, 688. 

rninuta, 688. 
Cypridinella, 632. 
Cyprinidm, 632, 631. 
Cyprosina, 632. 
Cyprosis, 632. 
Cyrenidm, 608. 
Cyrtina, 724. 
Cyrtoceras, 803, 762, 764, 766, 774, 776, 796, 799. 

billingsi, 806, 805, 812. 
camurum, 805, 808, 812. 
corniculum, 809,812. 
featherstonhaughi, 807, 812. 

hallianurn, 805, 806,812. 
houghtoni, 807, 812. 
lamellos1lm, 805, 806. 
rninneapolis, 808, 812. 
neleus, 804, 812. 
norwoodi, 809, 812. 
scofieldi: 810, 812. 
shumardi, 810,812. 

Cyrtoceratidm, 803. 
Cyrtocerina, 774,812. 

exiguum, 798. 
rnanitobense, 799. 
rnercurius, 774. 
planodorsatum, 792. 
schoolcrafti, 774, 812. 
typica, 774. 

Cyrtodonta, 534, 486, 504, 506, 521, 533-536, 5::19, 
541, 544, 546, 549, 550, 556, 560, 561,563-566,571, 
573,574. 

acuturnbona, 565. 
affinis, 540, 513, 541, 564. 

var. fillrnorensis, 540. 
arnpla, 538. 
billingsi, 538, 539, 543. 
breviuscula, 535. 
canadensis, 534, 535, 537, 546. 
carinata, 540. 
cingulata, 545, 542, 544, 546, 556. 
cordiforrnis, 577. 
dictma, 546. 
emma, 619. 
ganti, 521*. 
gerrnana, 547*, 543, 548, 549. 
gibbera, 542. 
glabella, 543, 538, 539, 544, 545, 560, 561. 
grand is, 547*,543, 546-549. 

var. germana, 549, 546, 548. 
interrnedia, 549, 547*. 
luculenta, 549, 546, 567. 

haJJi, 541. 
hayniana, 557, 559. 
huronensis, 535, 537-539, 573. 
janesvillensis, 537, 5S8, 574. 
obesa, 542. 
obJiqua, 540, 535, 538, 539. 
obtusa, 535. 
oviformis, 544. 
parva, 541. 
persimilis, 544, 539, 5401, 546, 56!. 
primigenia, 546. 
rotulata, 541, 542, 544, 546. 
rugosus, 534, 535. 
saffordi, 545, 535, 549. 
sigmoidea, 565. 
spinifera, 535. 
subangulata, 535. 
subcarinata, 540, 535,574. 
subovata, 536,505, 538, 539. 
subspatulata, 535. 
tenella, 546,544,547, 549. 
winchelli, 521*. 

Cyrtodontidm, 533, 486,502,521, 534, 557. 
Cyrtolites, 858, 842, 845, 846, 847, 851, 859,863,866, 

867, 897, 904, 905, 912, 918, 926. 



SOIENTlE'IO lNDEX. ex XXIX 

ttrrosus, 847, 860. 
carinatus, 862, 846, 861-865, 867. 
compresllus, 859. 
conradi, 862, 863. 
costatus, 1044. 
cristatus, 914, 859. 
delanonei, 852, 859. 
desideratus, 859. 
dilatus, 865, 846. 
discus, 852, 859. 
disjunctus, 864,846. 
dyeri, 909,859,911. 
elegans, 911,859,909. 
euryomphalus, 860. 
expansus, 859. 
jilosus, 859. 
giBanus, 859. 
imbricatus, 911, 859. 
lamellije1', 847, 860. 
magnus, 859. 
nitidulus, 866, 847. 
nitidus, 859. 
obliquus, 847, 860. 
orbiculus, 852, 859. 
ornatus, 860, 846, 858-866, 886, 925. 

var. minor, 861, 846. 
'pannosus, 859. 
parvus, 86t:, 846, 867. 
ph-asetra, 847, 860. 
retrorsus, 861, 846, 862, 864-, 865,867. 

var. fillmorensis, 862, 846. 
sinuatus, 859. 
sinuosus, 859. 
subcarinatus, 859. 
subplana, 1081, 846. 
trenton en sis, 859. 

Cyrtolitidre, 846, 848, 866. 
Cyrtolitina, 863, 846, S47, 858-860, 883, 886, 905. 

nitidula, 866,864, 867. 
Cyrtometopus, 735, 736, 738. 

apollo, 737,738. 
mercurius, 737,738. 
prolificus, 737. 
rarus, 737, 738. 
scofieldi, 735*, 737, 738. 

Cyrtospira, 1073, 1069, 1070, 1074. 
abbreviata, 1074. 
bicurvata, 1074. 
brevis, 1074. 
parvula, 1074. 
tortilis, 1074, 1073. 
ventricosa, 1074. 
wykoil'ensis, 1074. 

Oythere, 632, 631, 633, 684. 
Cythereis, 631. 
Cytherella, 68t:, 630-632, 643, 685,686. 

ovata, 684 
rugosa, 686. 

var. arcta, 686. 
subrotunda. 685, 643. 

Oytherellidre, 684, 632. 
Cytherellina, 632, 685, 687, 688. 

siliqua, 687-689. 
var. grandis, 687. 

ovata, 689, 687. 
tersa, 687. 

Cytheridre, 632, 630. 
Oytherideis, 631. 
Cytherina, 633. 

fabulites, 634. 
Cytherodon, 486. 
Oytheropsis 1'ugosa, 686. 

Dalmanites, 726, 732, 733. 
achates, 7~6. 727*, 728,732, 7:33. 
anchiops, 732. 
bebryx, 732, 733. 
hicornis, 733. 
breviceps, 732, 734. 
carleyi, 732, 733. 
dentatus, 73il. 
doiphi, 7.33. 
intennedius, 727. 
)imulurus, 7::13. 
nasutus, 733. 
tridens, 733. 

Darwinula, 632. 
Darwinulidre, 632. 
Delphinula, 939. 
DentaJium, 818. 
Depranella,670. 
Dexiobia, 486. 
Dibranchiata, 761. 
Dicranella, 664, 632, 665, 678. 

bicornis, 665, 664. 
marginata, 666,664. 
simplex, 666,664. 
spinosa, 665, 664. 

Dicranactis, 726. 
Dilobella, 672.632. 

typa, 673, 672. 
Diploceras, 775. 

vanuxemi, 775. 
Discohe ix, 1026. 
Distortion of shells by pressure, 481. 
Docoglossa, 818, 819, 845, 927. 
Dolabra, 565. 

stirlingensis, 567. 
Dorsal furrows, 697. 
Doublure, 698. 
Doubtful species of Pleurotomaria and Murchi

sonia, \l59. 
Drepanella, 670, 632, 657, 671. 

ampla, 671. 
var. elongata, 671, 670*. 

bigeneris, 672, 670, 671. 
bilateralis. 671. 
crassinoda, 670*,67l. 
macra, 670*. 

Dyeria, 1044. 
costata, 1044*, 1045. 

Eccoptochile, 737, 738. 
clavigera, 737. 
icarus, 738. 

Ecculiornphalus undulatus, 1036. 
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arrosus, 841, 860. 
carinatus, 862, 846, 861-865, 867. 
compresllus, 859. 
conradi, 862, 863. 
costatus, lOU. 
cristatus, 914, 859. 
delanonei, 852, 859. 
desideratus, 859. 
dilatus, 865, 846. 
discus, 852, 859. 
dlsjunctus, 864,846. 
dyeri, 909,859,911. 
elegans, 911, 859, 909. 
euryomphalus, 860. 
expansus, 859. 
jiIOSllS, 859. 
gillanus, 859. 
imbricatus, 911, 859. 
lamellije1', 847, 860. 
magnus, 859. 
nitidulus, 866, 847. 
nitidus, 859. 
obliquus, 847, 860. 
orbiculus, 852, 859. 
ornatus, 860, 846, 858-866, 886, 925. 

var. minor, 861, 846. 
'pannosu8, 859. 
parvus, 86.t, 846, 867. 
phasetra, 847, 860. 
retrorsus, 8lH, 846, 862, 864, 865,867. 

var. flllmorensis, 862, 846. 
sinuatus, 859. 
sinuosus, 859. 
subca1"inatus, 859. 
8ubplana, 1081, 846. 
trentonensis, 85Y. 

Cyrtolitidre, 846, 848, 866. 
Cyrtolitina, 863, 846, ~47, 858-860, 883, 886,905. 

nitid ula, 866, 864, 867. 
Cyrtometopu8, 735, 736, 738. 

apollo, 737,738. 
mercurius, 737, 738. 
prolificus, 737. 
rarus, 737, 738. 
scofieldi, 735*, 737, 738. 

Cyrtospira, 1073, 1069, 1070, 1074. 
abbreviata, ]074. 
bicurvata, 1074. 
brevis, ]074. 
parvula, 1074. 
tortili8, 1074, 1073. 
ventricosa, 1074. 
wykoil'ensis, 1074. 

Cy.j:,here, 632, 631, 633, 684. 
Cythereis, 631. 
Cytherella, 684,630-632, 643, 685,686. 

ovata, 684 
rugosa, 686. 

var. arcta,686. 
subrotunda. 685, 643. 

Cytherellidre, 684, 632. 
Cytherellina, 632, 685, 687, 688. 

siliqua, 687-689. 
var. grandis, 687. 

ovata, 689, 687. 
tersa, 687. 

Cytheridre, 632, 630. 
Cytherideis, 631. 
Cytherina, 633. 

fabulites, 634. 
Cytherodon, 486. 
Cytlieropsis 1'ugosa, 6SC. 

Dalmanites, 726, 732, 733. 
achates, 7:!6. 727", 728,732, 7:33. 
anchiops, 732. 
bebryx, 732, 733. 
hicornis, 733. 
breviceps, 732, 734. 
carleyi, 732, 733. 
dentatus, 73::1. 
doiphi, 733. 
intennedius, 727. 
limulurus, 7::13. 
nasutus, 73::1. 
tridens, 733. 

Darwinula, 632. 
Darwinulidre, 632. 
Delphinula, 939. 
Dentalium, 818. 
Depranella, 670. 
Dexiobia, 486. 
Dibranchiata, 761. 
Dicranella, 664, 632, 665, 678. 

bicornis, 665, 664. 
marginata, 666, 664. 
simplex, 666,664. 
spinosa, 665, 664. 

Dicranactis, 726. 
Dilobella, 672.632. 

typa, 673. 672. 
Diploceras, 775. 

vanuxemi, 775. 
Discohe ix, 1026. 
Distortion of shells by pressure, 48l. 
Docoglossa, 818, 819, 845, 927. 
Dolabra, 565. 

stirlingensis, 567. 
Dorsal furrows, 697. 
Doublure, 698. 
Doubtful species of Pleurotomaria and Murchi

sonia, \159. 
Drepanella, 670, 632, 657, 671. 

ampla, 671. 
var. elongata, 671, 670*. 

bigeneris, 672, 670, 671. 
bilateralis. 671. 
crassinoda, 670*, 67l. 
macra, 670*. 

Dyeria, 1044. 
costata, 1044*, 1045. 

Eccoptochile, 737, 738. 
cla vigera, 737. 
icarus, 738. 

Ecculiomphalus undulatus, 1036. 
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Eccylioruphalus, 1036,935-937,1024,1029, 1031, 1037. 
angelini, 1023. 
canadensis, 936, 1023, 1024. 
contiguus, 1037.1023. 
devonicus, 1023. 
rlistans, 1023. 
intortu8, ]037, 936, ]023,1024. 
li tui forruis, 1023. 
subrotunclus, 1037,1023. 
uoclulatus, 1036, 936, 1023, 1024, 1037. 
volutatus, "36. 

Eccyliopterus, 1031,935-939,1027, 1029. 
alatus, 937. 
beloi tensis, 1032, 937. 
marginalis, 937. 
ottawaensis, 1032. 
owenanus, 1032, 1031. 
replicata, 937. 
triangulus, 1032,937. 
volutans, 937. 

Ectenoclesma, 485. 
Ectenoptera, 62E, 485. 
Edaphoceras, 7~Jl. 
Edruondia,487. 

l'entricoset, [jf3, [i39, [iU. 

Elpe,632. 
Elymella, 486. 
Elymelliche, 486. 
Emarginula, 84+. 
Emarginulid<e, 845. 
Encrinuridm, 739. 
Encrinurus, 739, 741, 743. 

cristatus, 741 *. 
m·iru.~, 743. 
raricostatus, 740. 
seebachi, 741 
vannulus, 739*, 740". 

Encloce1'as, 775,770,772. 
beleinnitijonne, 770-773. 
IJUl'clwTai, n2. 
clulJZicatmn, '177, 77S. 
gemillipctrwn, 77S. 
glwlius, 780. 
longissimll1n, 77S. 
mugniventl'um, 777. 
l1wltitulwlatum., 1'18. 
p)'oteijo1'me, 777, 775, 778. 

var. linl'olatum, 778. 
stranguZatum, ns. 
towistl'iatum, 78S, 77S. 

Encloceratid<e, 767, 774. 
Enr]oclesrna, 525, 485, 501, 504, 526-528. 

corupressurn, 529. 
cuneaturn, 52H, 525, [,27. 
gesneri, 528, 526, 529. 
orthonoturn, 527,528,529. 
postlaturu, 527. 
tren tonense, 526. 
undosuru, 529,528. 

Endolobus, 791. 
Endosiphon, 771. 
Entemnotruchus, 949, 960. 
Entomidm, n:32. 
Entoruiclella, 632, G72. 

Entomis, 632,672. 
fiabellifera, 659. 

Entomoconchidal, 632. 
Entomoconchus, 632. 
Eoptera, 487. 
Eotomacea, 930. 848. 
Eotomaria, 1000, 935, 938, 940, 954, 957, 991-993 

995, 998, 1001, 1002, 1004, 1005, 1008, 1013. 
canalifera, 1002, 1003. 
dryope, 1003,1002. 
elevata, 1005, 944. 
labiosa, 1003. 
sublalvis, 954. 
supracingulata, 100~, 1002. 
vicina, 1003, 1002. 

Epistoma, 698. 
Eremoeeras, 803. 
Eridonychia, 498, 485. 
Errata, for chapter on Cephalopoda, 812; for chap

ter on Gastropoda, 1081; for chapter on Laruel
libranchiata, 628. 

Escutcheon of Lamellibranchiata, 478. 
Euchasma, 487. 
Euchrysalis, 1069. 
Eueonia, 953,938,954, 957, 1001, 1013. 
Euconospira, 955, 949, 954-957. 

planibasalis, 1080.* 
turbiniformis, 1080,* 95tl. 

Eudoceras, 791. 
Eudoceratidal, 791. 
Eulinidal, 1069, 1079. 
Eulima, 1079. 

peracuta, 1079 
Eunema, 1046, 1021, 1043, 1045,1052. 

arctatum, 1054. 
nitidum, 1053. 
obsoletum, 1054. 
pagoda, 959, 1021. 
prisca, 1022, 1021, 1023, 1052. 
robbinsi, 1053. 
salteri, 1053. 
simile, 1053. 
strigillatum, 1046, 1047. 

Euomphalidal, 1023, 8]5, 930, 947, 962, 993, 1024, 
1032, 1033, 1037, 1038, 1043. 

Euomphalopterus, 932, 931-934, 938,939, 955. 
alatus, 932, 939. 

var. obsoletus, 934*. 
undulans, 932. 

Euomphalus, 912,935,1025-1031,1033. 
calciferus, J023. 
eassianus, 1028. 
catillus, 1026. 
discors, 1028. 
gotlandicus, 1037, 1023, 1024. 
latus, 1026. 
marginale, 936. 
obtusangulus, 1025. 
pentangulatus, 1023, 1020. 
planidorsatus, 1027,1026. 
planissimus, 852. 
pralcursor, 1025. 
qualteriatus, 935. 
similis, 1026. 
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Eccy liomphal us, 1036,935-937, 102-±, 1029, 1031, 1037. 
angelini, 102:3. 
canadensis, 936, 1023, 1024. 
eontiguus, 1037. 1023. 
devonieus, 1023. 
distans, 1023. 
in tortus, 1037, 936, 102:3, 1024. 
lituiformis, 1023. 
subrotunclus, 1037,1023. 
u oclulatus, 1036, 936, 1023, 1024, 1037. 
volutatus, [136. 

Eeeyliopterus, 103],9,35-939,1027,1029. 
alatus, 937. 
beloitensis, 1032,937. 
marginalis, 937. 
ottawaensis, 1032. 
owen anus, 1032,1031. 
replicata, 937. 
triangul us, 1032, 9:37. 
volutans,937. 

Ectenodesma, 485 .. 
Ectenoptera, 62E, 485. 
Edaphoceras, 7()1. 
Edmondia,487. 

t'entricosa, [jJ3, S3[J, S74. 

Elpe,632. 
Elymella, 486. 
Elyruellida', 486. 
Emarginula, 844. 
Emarginulidm, 845. 
Encrinuridm,739. 
Encrinurus, 739, 741, 743. 

eristatus, 741 *. 
m'irtts, 743. 
raricostatus, 740. 
seebachi, 741 
vannulus, 739*,740*. 

Endocel'as, 77u, 770, 772. 
belemnitijol'me, 770-773. 
bUl'c/wl'ai, 772. 
dUIJlicatmn, '177, 778. 
gemillipctrwn, 778. 
glwlius, 780. 
longissimmn, T18. 

nwgniventl'wn, 777. 
nwltitubulatttm, 778. 
pl'oteijoJ'me, 717, 115, 778. 

vaT. linmlatwn, 778. 
strangulatum, 778. 
t6lwistl'iatttm, 788, 778. 

Encloceraticlm, 767, 774. 
Enr1oclesma, 525, 485, 50], 504, 526-528. 

compressurn, 529. 
cuneatum, 526, 525, 527. 
gesneri, 528, 526, 529. 
orthonotum, 521, 528, 529. 
postlatum, 527. 
tren tonense, 526. 
undosum, 529,528. 

Enclulobus, 791. 
Endosiphon, 77l. 
Entemnotruchus, 949, 960. 
En tomidm, (;:32. 
Entomiclella, 6:32, (;72. 

Entomis, 632,672. 
fiabellifera, 659. 

Entomoconchidffi, 632. 
Entomoeonchus, 632. 
Eoptera, 487. 
Eotomacea, 930, 848. 
Eotomaria, 1000, 935, 938, 940, 954, 957, 991-993 

995, 998, 1001, 1002,1004, 1005, 1008,1013. 
canalifera, 1002, 1003. 
dryope, 1003,1002. 
elevata, 1005,944. 
labiosa, 1003. 
sublffivis, 954. 
supraeingulata, 100!., 1002. 
vieina, 1003, 1002. 

Epistoma, 69B. 
Eremoeeras, S03. 
Eridonyehia, 498, 485. 
Errata, for chapter on Cephalopoda, 812; for chap

ter on Gastropoda, lOS]; for chapter on Lamel
libranehiata, 628. 

Escutcheon of Lamellibranehiata, 47S. 
Euchasma, 4S7. 
Euehrysalis, 1069. 
Eueonia, 953, 938, 954, 957, 1001, 1013. 
Eueonospira, 955, 949, 954-957. 

planibasalis, ]OSO.* 
turbiniformis, 1080,* 95(:. 

Eudoceras, 791. 
Eudoceratidffi, 791. 
Eulinidffi, 1069, 1079. 
Eulima, 1079. 

peraeuta, 1079 
Eunema, 1046, 1021, 1043, 1045,1052. 

arctatum, 1054. 
nitidum, 1053. 
obsoletum, 1054. 
pagoda, 959, 1021. 
prisca, 1022, 1021, 1023, 1052. 
robbinsi, 1053. 
salteri, 1053. 
simile, 1053. 
strigillatum, 1046, 1047. 

Euomphalidffi, 1023, 8]5, 930, 947, 962,993, 1024, 
1032, 1033, 1037, 1038, 1043. 

Euomphalopterus, 932, 931-934, 938, 939, 955. 
alatus, 932, 939. 

var. obsoletus, 934*. 
undulans, 932. 

Euomphalus, 912,935,1025-1031,1033. 
ealciferus, 1023. 
cassianus, 1028. 
cat ill us, 1026. 
discors, 102S. 
gotlandicus, 1037,1023, 1024. 
latus, 1026. 
marginale, 936. 
obtusangulus, 1025. 
pentangulatus, 1023, 1020. 
planidorsatus, 1027,1026. 
planissimus, 852. 
prfficursor, 1025. 
qualteriatus,935. 
similis, 1026. 
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strongi, 852. 
subquadratus, 1026, 1028. 
subrugosus, 1026. 
subumbilicatus, 1026. 
triquetrus, 1023. 
tuba, 1044. 
umbilicatus, 1026. 
uniangulatus, 1025. 
walmstedi, 1025. 

Euphemus, 855, 856, 868, 875, 876, 915, 922, 924. 
apertus. 855. 
carbonarius, 855. 
lndicus, 8fl5. 
lrevis. 855. 
lenticularis, 855, 
nodocarinatus, 855. 
orbigyanus, 855. 
uril, 855. 

Eurychilina, 658, 631, 632, 650, 659, 661, 664. 
requalis, 659. 
granosa, 659, 66]. 
longula, 659, 662. 
manitobensis, 659, 662. 
obesa, 659, 663. 
reticulata, 660, 658, 659, 662. 

var. incurva, 660, 661. 
striatomarginata, 659, 663. 
subrequata, 663, 648, 659, 664. 
subradiata, 661, 659,662 .. 
symmetrica, 663. 
ventrosa, 662. 

Eurymya, 512, 485, 501, 504,524,628. 
alata, 513. 
plana, 512,513. 
subplana, 513. 

Eurystomites, 811. 
undatus var. occidentalis, 811, 812. 

Eutbydesma, 487. 
. Eyes of trilobites, 697. 

Facial Ruture of trilobites, 697. 
Fissurella, 815. 
Fissurellidre, 930, 947. 
Foot of Gastropoda, 8]3. 
Form of sbell, in Cephalopoda, 63; in Gastropoda, 

815. 
Frontal lobes, 697. 
Furrows, dorsal, 697; lateral, of glabella, 697. 
Fusispira, 1075, 815, 1066, 1070, 1073. 

angusta, 1079. 
var. subplana, 1079. 

convexa, 1077,1078. 
inllata, 1075, 1076. 

var. ventricosa, 1075. 
intermedia, 1076. 
nobilis, 1078, 1073. 
planulata, 1078, 1073. 
scbucherti, 1076, 1077, 1078. 
spicula, 1073. 
subbrevis. 1076. 
subfusiformis, 1077. 1078. 
sulcata, 1077, 1078. 
terebriformis, 1077, 1078. 
ve niric (i / • ~ (~D. 

Gastropoda, 475, 4RO; chapter on, 813-lOBl. 
Genal angle of trilobites, 697; spines, n!J7. 
General characters of the Lower Silurian Cephalo

poda, 763. 
Gerasaphes, 710. 

ulrichana, 710*,705,711'". 
Glabella of trilobites, 696; furrows of, 697. 
Glossites, 486. 
Glos~opbora, 817. 
Glyptocardia, 486. 
Glyptodesma, 485. 
Gomphoceras, 796. 

cassinense, 7.96. 
Gomphoceratidal, 796. 
Goniatites intumescens, 756. 
Gonioceras, 794, 766. 

anceps, 794, 795, 812. 
larnbi, 793. 
occidentale, 795,812. 

Gonioceratidre, 794. 
Goniodon, 486. 
Goniophora, 485, 504. 
Goniostropha, 1013, 1012, 1014. 

bachelieri, 1013. 
cbalmasa, 1013. 

Gosseletia, 960. 
Gosselettia, 485. 
Grammysia, 625, 487, 621. 
Grammysiidal, 623, 487. 
Groove, articulating, 697; pleural, 697. 
Gymnosomata, 818. 
Gyroceras, 811, 803. 

duplicostatum, 811, 812. 
Gyroma, 9~O, P6l. 
Gyronema, 1054, 1046,1056,1057. 

duplicatum, 1055,1056. 
liratum, 1056, 1046. 
pericarinatum, 1046. 
pulchellum, 1054, 1046, 1055, 1056 
semicarinatum, 1055. 

Halliella, 656, 632, 674. 
labiosa, 656. 
retifera, 656. 
sculptilis, 656. 
seminulum, 656. 

Hallina nicolleti, 615. 
Haliotidal, 9ilO. 
Haliotis, 844. 
Harpes, 755, 756. 

consuetus, 756. 
escanal>al, 758. 
minnesotensis, 755, 757. 
venulosus, 756*. 

Harpina, 755, 757. 
antiquata, 758. 
minnesotensis, 755*, 757. 
ottawensis, 757. 
prima, 756*. 
rutrellum, 757,758*. 

Helcion. 820, 827. 
Helcionopsis, 826, 820, 821, ~24. 

fissicosta ta, 821. 
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strongi, 852. 
subquadratus, 1026, 1028. 
subrugosus, 1026. 
suburribilicatus, 1026. 
triquetrus, 1023. 
tuba, 1044. 
umbilicatus, 1026. 
uniangulatus, 1025. 
walmstedi, 1025. 

Euphemus, 855, 856, 868, 875, 876, 915, "I;~g, 924. 
apertus, 855. 
carbonarius, 855. 
in dicus, 8f>5. 
lrevis, 855. 
lenticularis, 855, 
nodocarinatus, 855. 
orbigyanus, 855. 
urii, 855. 

Eurychilina, 658, 631, 632, 650, 659, 661, 664. 
requalis, 659. 
granosa, 659, 661. 
longula, 659, 662. 
manitobensis, 659,662. 
obesa, 659, 663. 
reticulata, 660, 658, 659, 662. 

var. incurva, 660, 66I. 
striatomarginata, 659, 663. 
subrequata, 663, 648,659,664. 
subradiata, 661, 659,662. 
symmetrica, 663. 
ventrosa, 662. 

Eurymya, 512,485,501,504,524,628. 
alata, 513. 
plana, 512,513. 
subplana, 513. 

Eurystomites, 811. 
undatus var. occidentalis, 811,812. 

Euthydesma, 487. 
Eyes of trilobites, 697. 

Facial suture of trilobites, 697. 
Fissurella, 815. 
Fissurellidre, 930, 947. 
Foot of Gastropoda, 813. 
Form of shell, in Cephalopoda, 63; in Gastropoda, 

815. 
Fron tal lobes, 697. 
Furrows, dorsal, 697; lateral, of glabella, 697. 
Fusispira, 1075, 815, 1066, 1070, 1073. 

angusta, 1079. 
var. subplana, 1079. 

convexa, 1077,1078. 
infiata, 1075, 1076. 

var. ventricosa, 1015. 
intermedia, 1076. 
nobili!>, 1018,1073. 
planulata, 1078, 1073. 
schucherti, 1016, 1077, 1078. 
spicula, 1073. 
subbrevis, 1076. 
subfusiformis, 1017, 1078. 
sulcata, 1017, 1078. 
terebriformis, 1077, 1078. 
'Veniric (:(. ;(;0. 

Gastropoda, 475, 4RO; chapter on, 813-lOk1. 
Genal angle of trilorJites, 697; spines, r;(J7. 
General characters of the Lower Silurian C,~phal()· 

poda, 763. 
Gerasaphes, 710. 

ulrichana, 710''",705, 711"". 
Glabella of trilobites, 696; furrows of, 8m. 
Glossi tes, 4R6. 
Glossophora, 817. 
Glyptocarclia, 486. 
Glyptodesma, 485. 
Gomphoceras, 796. 

cassinense, 7Y6. 
Gomphoceratidre, 796. 
Goniatites intumescens, 756. 
Gonioceras, 794, 766. 

anceps, 794, 795, 812. 
lambi,793. 
occidentale, 795, 812. 

Gonioceratiure, 794. 
Goniodon, 486. 
Goniophora, 485, 504. 
Goniostropha, 1013, 1012, 1014. 

bachelieri, 1013. 
chalmasa, lOla. 

Gosseletia, 960. 
Gosselettia, 485. 
Grammysia, 625, 487, fl21. 
GrammYl>iidre, 623, 487. 
Groove, articulating, 697; pleural, 697. 
Gymnosomata, 818. 
Gyroceras, 811, 803. 

duplicostatum, 811,812. 
Gyroma, 9~0, fl61. 
Gyronema, 1054, H146, 1056, 1057. 

duplicatum, 1055, 1056. 
liratum, 1056, 10413. 
pericarinatuOl, 1046. 
pulchellum, 1054, 1046, 1055, 1056 
semicarinatum, 1055. 

Ralliella, 656, 632, 674. 
labiosa, 656. 
retifera, 656, 
sculptilis, 656. 
seminulum, 656. 

Rallina nicolleti, 615. 
Haliotidm, 9::;0. 
Haliotis, 844. 
Harpes, 755, 756. 

consuetus, 756. 
escanaDa', 758. 
rninnesotensis, 755,757. 
venulosus, 756*. 

Harpina, 755, 757. 
antiquata, 758. 
minnesotensis, 755*, 757. 
ottawensis, 757. 
prima, 756*. 
rutrellum, 757 , 758~'. 

Helcion. 820, 827. 
Helcionopsis, 826, 820, 821, tl24. 

fissicostata, 821. 
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radiata, 827. 
striata, 827. 
subcarinata, 827. 

Helicotoma, 1032, 934-936, 9:38, 994, 1025-1030, 
1033, 1035. 

declivis, 1036, 103:3. 
eucharis, 1033. 
gorgonia, 1033. 
granosa, 1035, 1033. 
larvata, 994, 999, 1000,1033. 
marginata, 1036,1029, 1033. 
misera, 1033. 
muricata, 1033. 
maresi, 1033. 
perstriata, 1033. 
planulata, 1033, 1026, 1029, 1034. 

var. robusta, 1033. 
planulatoides, 1034, 1033, 1035. 
proserpina, 1033. 
serotina, 1033. 
spinosa, 1033. 
subquadrata, 1034,1029. 
tennesseensis, 1034, 1033-1036. 
tritonia, 1033. 
umbilicata, 1031,1033,1035. 
verticalis, 1035, 1033. 

Hercynella, R22, 1069. 
Heteromyaria, 485, 480. 
Heteropoda, 819, 813, 817, 844, 845. 
Hippa, 632. 
Hipponicharion, 632. 
Hisingeria, 1028, 1029. 

planorbis, 1028, 1029. 
Holomeris, 726. 
Holopea, 1064, 847, 100S, 1009, 1024, 1043, 1044, 

1057. 
ampla, 1065, 1066. 
appressa, 1(165,1067. 
cassina, 95S. 
concinnula, 1066, 1067. 
excelsa, 1067, 1066. 
insignis, 1065, 1068. 
limata, 1063. 
nashvillensis, 1068. 
obliqua, 831, 1066, 1067. 
oxford ensis, 1068. 
paludiniforruis, 1067, 1066. 
parvula, 1067. 
perundosa, 1067. 
pyrene, 1067, 1068. 
rotunda, 1066, 1067. 
similis, 1066, 1065. 
supraplana, 1068, 933. 

Horualonotus, 704. 
dekayi, 704. 
major, 704. 
vanuxemi, 704. 

Homolichas, 754. 
Homomyaria, 486. 
Hoplolichas, 747, 748, 753, 754. 

bicornis, 748. 
hyloous, 754. 
proboscidea, 747,748. 
robbinsi, 747. 498. 
tricuspidata, 747, 748. 

Hormoceras tenuifllum, 781. 
Hormotoma, 1012, 949, 959, 987, 1008, 1013, 1014, 

1018, 1019, 1021. 
bellicincta, 1017, 944, 987,988,1014,1018,1019. 
clavicula, 1014. 
gracilis, 1014,959,1015,1016,1020. 

var. angustata, 1015, 1016. 
goodhuensis, 1015, 1014, 1016. 
multivolvis, 1015,1016. 
sublaxa, 1015,1016. 

lebesconteia, 1014. 
major, 1018, 1019. 
sal teri 10 16, 959. 

var. canadensis, 1016. 
nitida, 1016. 
tennesseensis, 1016. 

subang-ulata, 1016,1015, 1020. 
teretiformis, 1014. 
trentonensis, 1017, 1014, 1018, 1019. 

Hypostoma, 698. 

Ianthimidoo, 934. 
Ilionia, 487. 
Illoonus, 714, 718, 719. 

americanus, 714*,715,716. 
arcturus, 718. 
crassicauda, 714-716, 718, 719*. 
herricki, 716, 71S. 
indeterminatus, 716*. 
milleri, 718, 720, 721. 
mirmesotensis, 712. 
O1'bicaudatus, 722. 
ovatus, 716, 718. 
pterocepbalus, 718. 
taurus, 714. 
trentonensis, 718, 719. 

lnachus plarlOrbi.~, 1028. 
sulcatus, 1028. 

Introduction, to chapter on Cephalopoda, 761; to 
chapter on Gastropoda, 813; to chapter on tril
obites, 695. 

Ischyrina, 613, 486, 608, 629. 
plicata, 613. 
winchelli, 613. 

Ischyrodonta, 521, 486, 523, 564. 
ovalis, 477*. 

Isoarca, 584. 
logani, 584. 

Isochilina, 632, 613, 683. 
cylindrica, 687. 
fabacea, 647. 
labellosa, 637. 
minutissima, 646. 
rectangular is, 683. 

Isotelus, 700, 705, 706, 710, 7.13. 
canalis, 707*, 705. 
gigas, 701, 702-704, 706*, 708. 
gigas-maximus, 701,704, 705*. 
iowensis, 704. 
jacobus, 706. 
maximus, 701,702,703*,704,706-708 .. 
megistos, 701, 706. 
susoo, 708*. 

Isoxys, 632. 
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radiata, 82;. 
striata, 827. 
subcarinata, 827. 

Helicotoma, 1032, 934-936, 9:38, 994, 1025-1030, 
1033, 1035. 

declivis, 1036, 103:3. 
eucbaris, 1033. 
gorgonia, 1033. 
granosa, 1035, 1033. 
larvata, 994, 999, 1000, 1033. 
marginata, 1036,1029, 1033. 
misera, 1033. 
muricata, 1033. 
maresi, 1033. 
perstriata, 1033. 
planulata, 1033,1026, 1029, 1034. 

var. robusta, 1033. 
planulatoides, 1034-, 1033, 1035. 
proserpina, 1033. 
serotina, 1033. 
spinosa, 103:3. 
subquadrata, 1034,1029. 
tennesseensis, 1034, 1033-1036. 
tritonia, \033. 
umbilicata, 1031,1033,1035. 
verticalis, 1035, 1033. 

Hercynella, R22, 1069. 
Heteromyaria, 485, 480. 
Heteropoda, 819, 813, 817, 844, 845. 
Hippa, 632. 
Hipponicbarion, 632. 
Hisingeria, 1028, 1029. 

planorbis, 1028, 1029. 
Holomeris, 726. 
Holopea, 1034, 847, 1008, 1009, 1024, 1043, 1044, 

1057. 
ampla, 1065, 1066. 
appressa, 1065, 1067. 
cassin a, 958. 
concinnula, 1066, 1067. 
excelsa, 1067, 1066. 
insignis, 1065, 1068. 
limata, HJ63. 
nashvillensis, 1068. 
obliqua, 831,1066, \067. 
oxfordensis, 1068. 
paludiniforruis, 1067, 1066. 
parvula, 1067. 
perundosa, 1067. 
pyrene, 1067, 1068. 
rotunda, 1066, 1067. 
similis, 1066, 1065. 
supraplana, 1068, 933. 

Homalonotus, 704. 
dekayi, 704. 
major, 704. 
vanuxemi, 704. 

Homolichas, 754. 
Homomyaria, 486. 
Hoplolichas, 747, 748, 753, 754. 

bicornis, 748. 
hY];:BUS, 754. 
proboscidea, 747,748. 
robbinsi, 747, 498. 
tricuspidata, 747,748. 

Hormoceras tenuifllum, 781. 
Hormotoma, 1012, 949, 959, 987, 1008, 1013, 1014, 

1018, 1019, 1021. 
bellicincta, 1017, 944, 987,988, 1014,1018,1019. 
clavicula, 1014. 
gracilis, 1014, 959, 1015, 1016,1020. 

var. angustata, 1015, 1016. 
goodhuensis, 1015, 1014, 1016. 
multivolvis, 1015,1016. 
sublaxa, 1015, 1016. 

lebesconteia, 1014. 
major, 1018, 1019. 
salteri 1016, 959. 

var. canadensis, 1016. 
nitida, 1016. 
tennesseensis, 1016. 

oubang'ulata, 1016,1015, HJ20. 
teretiformis, 1014. 
trentonensis, 1017, 1014, 1018, 1019. 

Hypostoma, 698. 

Ianthimidoo, 934. 
Ilionia, 487. 
Illffinus, 714, 718, 719. 

american us, 714*, 715, 716. 
arcturus, 718. 
crassicauda, 714-716, 718, 719*. 
herricki, 716, 718. 
incteterminatus, 716*. 
milleri, 718, 720, 721. 
mirmesotensis, 712. 
Q1'bicaudatus, 722. 
ovatus, 716, 718. 
pterocepbalus, 718. 
taw'us, 714. 
trentonensis, 718, 719. 

lnachus planorbis, 10118. 
sulcatus, 1028. 

Introduction, to chapter on Cephalopoda, 761; to 
chapter on Gastropoda, 813; to cbapter on tril
obites, 695. 

Iscbyrina, 613, 486, 608,629. 
plicata, 613. 
wincbelli, 613. 

Ischyrodonta, 521,486, 523, 564. 
ovalis, 477*. 

Isoarca., 584. 
logf],ni, 584. 

Isochilina, 632, 643, 683. 
cylindrica, 687. 
fabacea, 647. 
labellosa, 637. 
minutissima, 646. 
rectangularis, 683. 

Isotelus, 700, 705,706. 710, 7.13. 
canalis, 707*, 705. 
gigas, 701,702-704,706", 70S. 
gigas-maximus, 701,704,705*. 
iowensis, 704. 
jacobus, 706. 
maximus, 701,702,703*,704,706-708. 
megistos, 701, 706. 
susffi,708*. 

Isoxys, 632. 



SCIENTIFIC INDEX. cxliii 

Jonesella, 667, 632, 675. 
crassa, 675, 667. 
crepidiformis, 667*, 656, 668. 
obscura, 668, 656,667. 
pedigera, 667*. 

Jurassic Ostracoda, 631. 

Kir),bya, 632, 656, 681, 683. 
permiana, 683. 

Kloodenia, 632, 658, 674, 679. 
kiesowi, 679. 

Kokenia, 882, 849, 850, 877, 923. 
costalis, 882 849, 883, 923. 
estbona, 882, 883, 924. 

Krausella, 69J, 630, 632, 690, 692. 
anticostiensis, 693, 691. 
arcuata, 692, 689, 691. 
inffiq ualis, 691, 689, 690. 

Kyammodes, 632, 631. 

Lamellibrancbiata, cbapter on, 475-628. 
Lateral glabella furrows, 697; lobes, 697. 
Leperditella, 636, 632, 643. 

ffiquilatera, 636*,645. 
canalis, 637, 636. 
dorsicornis, 639, 636. 
german a, 6 Q 7, 636, 639. 
infiata, 636*, 638, 639. 
macra, 638,636. 
minuta, 688. 
mundula, 636*, 638. 
persimilis, 637, 636, 644. 
sulcata, 636*, 639. 

var. ventricornis, 636*. 
tumida, 637, 636. 

Leperditia, 633,630-634,636, 640, 643, 641,657.688. 
cequilatera, 636. 
britannica, 6a3. 
byrnesi, 666, 664. 
canadensis var. josephiana, 634. 
carbonaria, 636. 
cylindl'ica, 687. 
dorsicornis, 639, 636. 
fabulites, 634, 635. 

var. josephiana, 634. 
fimbriata, 645. 
german a, 638, 636. 
gigantea, 633. 
grand is, 633. 
granilabiata, 644. 
hisingeri, 635, 

var. fabulina, 635. 
inflata, 636. 
,iosephiana, 634, 635. 
linneyi, 6a5. 
millepunctata, 645. 
minutissima, 646. 
mundula, 636. 
nicklesi, 636. 
obscura, 637. 
sukata, 636. 

var. ventricornis, 636. 

tumidfL, 636. 
unicorni~, 649, 647. 
wiluiensis, 63-5. 

Leperdi tildffi, 633, 631, 632. 
Lepeta, 819, 820. 
Lepetopsis, 822, 821. 

levettii, 822. 
sp. undet., 820'''. 

Lepidilla, 632. 
Lepiditta, 632. 
Leptode~ma, 485. 
Leptodomus, 489, 487, 621. 
Leptomaria, 949, 960. 
Leptotrypa clavis, 984. 

ornata, 860. 
Lichadffi, 744. 
Lichas, 744, 747-749, 751-753. 

bicornis, 748, 747, 753. 
boltoni, 753. 
breviceps, 753. 
celorrhin, 747. 
consanguineus, 753. 
contusus, 753. 
COfDUtUS, 749,754. 
cucullus. 746, 753. 
dracon, 753. 
eriopis, 753, 754. 
faberi, 754. 
grandis, 753. 
gryps, 753. 
halli, 754. 
barrisi, 753. 
hispiclus, 753, 754. 
hy lffius, 754. 
jukesi,753. 
laciniatus, 752-x-. 
margaritifer, 754. 
minganensis, 753. 
nereus, 753. 
pachyrhyncha var. longirostrata, 747, 748. 
palmata, 752*. 
pblyctenoides, 753. 
proboscidea, 748. 
pustulosus, 754. 
robbinsi, 747*,498.748, 753. 
subordinate generic relations of, 75l. 
trentonensis, 747, 752, 753, 
wesenbergensis var. paulianus, 744,753. 

Ligament, 479. 
Limoptera. 485. 
Lingual ribbon of Gastropoda, 814. 
Lioptera, 485. 
Liospira, 992, 935, 938, 940, 942, 953. 954, 957, 958, 

993, 994, 998, 1001, 1002. 
abrupta, 995, 1001. 
americana, 996, 997. 
angulata, 1000, 994. 
angustata, 997. 
convexa, 998. 
decipiens, 998, 993, 1001. 
eugenia, 999, 994. 
helena, 997, 994, 998, 999. 
larvata, 999, 994. 
micula, 994, 944, 995-998. 
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Jonesella, 661, 632, 675. 
crassa, 675, 667. 
crepidiformis, 667*, 656, 668. 
obscura, 668, 656,667. 
pedigera, 667*. 

Jurassic Ostracoda, 631. 

KirJebya, 632, 656, 681, 683. 
permiana, 683. 

Kloodenia, 632, 658. 674, 679. 
kiesowi,679. 

Kokenia, 882, 849, 850, 877, 923. 
costalis, 882 849, 883, 923. 
estbona, 882, 883, 924. 

Krausella, 69J, 630, 632, 690, 692. 
anticostiensis, 693, 691. 
arcuata, 692, 689, 691. 
imequalis, 691, 689, 690. 

Kyammodes, 632, 631. 

Lamellibrancbiata, cbapter on, 475-628. 
Lateral glabella furrows, 697; lobes, 697. 
Leperditella, 636, 632, 643. 

alquilatera, 636*,645. 
canalis, 631, 636. 
dorsicornis, 639, 636. 
german a, 6 Q 7, 636,639. 
infiata, 636*, 638, 639. 
macra, 638,636. 
minuta, 688. 
mundula, 636*, 638. 
persimilis, 637, 636, 644. 
sulcata, 636*, 639. 

var. ventricornis, 636*. 
tumida, 637,636. 

Leperditia, 633, 630-634, 636, 640, 643, 644,657,688. 
cequilatera, 636. 
britannica, 6::13. 
byrnesi, 666, 664. 
canadensis var. josephiana, 634. 
carbonaria, 636. 
cylindl'ica, 687. 
dorsicornis, 639, 636. 
fabulites, 634, 635. 

var. josephiana, 634. 
fimbriata, 645. 
german a, 638, 636. 
gigantea, 633. 
grandis, 633. 
granilabiata, 644. 
bisingeri, 635. 

var. fabulina, 635. 
inflata, 636. 
joseph ian a, 634, 635. 
linneyi, 635. 
millepunctata, 645. 
minutissima, 646. 
mundula, 636. 
nicklesi, 636. 
obscura, 637. 
sulcata, 636. 

var. ventricornis, 636. 

tumidn, 636. 
unicorni~, 649, 647. 
wiluiensis, 635. 

Leperdi tildm, 633, 631, 632. 
Lepeta, 819, 820. 
Lepetopsis, 822,821. 

levettii, 822. 
sp. undet., 820"-. 

Lepidilla, 632. 
Lepiditta, 632. 
Leptode~ma, 485. 
Leptodomus, 489, 487, 621. 
Leptomaria, 949, 960. 
Leptotrypa clavis, 984. 

ornata, 860. 
Licbadal, 744. 
Licbas, 744, 747-749, 751-753. 

bicornis, 748, 747, 753. 
boltoni, 753. 
breviceps, 753. 
celorrbin, 747. 
consanguineus, 753. 
contllsus, 753. 
cornutus, 749.754. 
cucullus, 746, 753. 
dracon, 753. 
eriopis, 753, 754. 
jabel'i, 754. 
grandis, 753. 
gryps, 753. 
balli, 754. 
barrisi, 75il. 
bispidus, 753, 754. 
by lalus, 754. 
jukesi,753. 
laciniatus, 752-~. 
margaritifer, 754. 
minganensis, 753. 
nereus, 753. 
pacbyrbyncba Yar.longirostrata, 747,748. 
palmata, 752*. 
pblyctenoides, 753. 
proboscidea, 748. 
pustulosus, 754. 
robbinsi, 747*,498,748,753. 
subordinate generic relations of, 751. 
trentonensis, 747, 752, 753, 
wesenbergensis var. paulianus, 744, 753. 

Ligament, 479. 
Limoptera, 485. 
Lingual ribbon of Gastropoda, 814. 
Lioptera, 485. 
Liospira, 992, 935, 938, 940, 942. 953. 954, 957, 958, 

993, 994, 998, 1001, 1002. 
abrupta, 995, 1001. 
americana, 996, 997. 
angulata, 1000, 994. 
angustata, 997. 
convexa, 998. 
decipiens, 998, 993, 1001. 
eugenia, 999,994. 
belena, 997, 994, 998, 999. 
larvata, 999, 994. 
micula, 994, 944, 995-998. 
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modesta, lOSI. 
munduIa, 999, 994, 1002. 
numeria, 1000, 994,999. 
obtusa, 997. 
persimilis, 998, 994, 997, 999. 
progne, 99(1, 995-998, 1002. 
rugata, 999, 994. 
subconcava, 999, 994, 998, 1002. 
vitruvia, 995, 996, 9!l7. 

Lithodornus, 485. 
Lithophaga, 485. 
Litorinid::e, 1064. 
Lituites, 764, 811. 

lituus, 764*, 811. 
undatus var. occidentalis, 811. 

Lobes, frontal, 697; lateral, 697; palpebral, 697. 
Loligo, 761. 
Longicone, 763. 
Lophospira, 960, 847, 925, 933, 938, 945, 947, 949,950, 

951, 952, 953, 961, 962, 964, 965, 967, 970, 971, 975, 
977, 984, 9'l7, 989-991, 1005, 1010, 1013, 1014, 1030, 
1046, 1051, 1053, 1054. 

abnormis, 974, 962, 975. 
acuminata, 973, 1030. 
ampla, 981, 951, 962, 974, 976, 979, 981, 983. 
aspera., 963. 
augustina, 987, 963, !l88, 1018, 1019. 

var. minnesotensis, 988. 
bicincta, 96'1-, 950, 961. 
bicincta section, 963, 948, 952, 953, 961, 977. 
bicincta subsection, 963. 
bowdeni, 986, 951. 962, 963, 976, 987, 988, 1014. 
bowdeni subsection, 963. 
cassina, 991. 
centralis, 979,962, 977, 981. 
cicelia, 963. 
cicelia subsection, 963. 
concinnula, 966, 961, 963,967. 
conoidea, 976, 988. 
conrad ana, 979, 963, 980. 
decursa, 975, 962, 976. 
elevata, 977, 962, 976, 978. 
estella, 963. 
extenuata, 96a. 
ftllmorensis, 967, 961, 963, 985. 
gothlandica, 963. 
helicteres, 970, 963, 972. 

var. wisconsinensis, 9 1. 
helicteres subsection, 963. 
holmi subsection, OtS3. 
humilis,.968, 961, 963, 989. 
imbricata, 950. 
irnbricata subsection, 963. 
knoxvillensis, mm, 952, 953, 962, 964, 990, 991, 

1047. 
labrosa, 952. 
Iaqueata, 963. 
lirata, 988, 989. 

var. robusta, 989. 
macrospira, 963. 
major, 96::\. 
medialis, 973,962, 974, 975, 981, 982, 984. 

var. burginen<;is, 974, 
modesta, 962. 

multigruma, 978, 962,977,979,981,1081. 
notabilis, 990, 950, 951, 962-968, 970, 980, 982, 

984, 985, 1005, 1008. 
obliqua, 965, 963, 966, 980. 
oweni,980. 962, 974, 976,979-984,987. 
peracuta, 976. 962, 978. 
perangulata, 972, 952, 962, 973-977, 979, 981, 

982,985. 
perangulata section, 962, 980. 
perangulata subsection, 962. 
perforata, 9K4, 963, 965, 985. 
perlamellosa, 985, 963. 
procera, 968, 961. 
producta, 975, 963, 9i6. 
pulchella, 982, 962, 966, 973, 974, 983-985. 
pulchra, 982. 
quadrisulcata, 967, 963. 
robusta, 989. 
robusta section, 963. 
saffordi, 982, 962. 
serrulata, 968, 950, 960,963, 970-972. 
serrulata subsection, 963. 
sororcula, 962, 974. 
spironema, 983, 963, 966, 982, 984. 
sumnerensis, 978, 962,965, 976. 
tenuistriata, 983, 963, 966, 982, 984. 
trochonemoides, 990, 952, 9112, 964, 991, 1047 
trochonemoides section, 964, 962, 990. 
tropidophora, 1081, 962. 
tubulosa, 950, 963. 
tubulosa subsection, 963. 
ventricoslt, 980. 

Lower Silurian Cephalopoda of Minn, 760-812; 
Gastropoda of Minn., 813-10S1; Lamellibranchi· 
ata of Minn., 475-628; Ostracoda of Minn., 629-
693; trilobites of Minn., 694-759. 

Loxonema, 1079. 
Loxonematidre, 1079, 1069. 
Loxop'ocus, 963. 
Lucinidre, 487. 
Lunule, 478. 
Lunulicardium, 486. 
Lutraria elliptica, 479*, 
Lyriopecten, 485. 
Lyrodesma, 608, 486, 578, 579, 612. 

acuminatum, 609, 610, 6]2. 
var. intermedium, 610, 611*. 

cannonense, 610, 612. 
cincinnatiense, 610. 
major, 011*, 479*, 612. 
planum, 609. 
poststriatum, 610. 
subplanum, 610. 

Lyroclesmidre, 608, 486, 628. 

Maclurea, 1038, 815, 816, 1031, 1037, 1041. 
bigsbyi, 1039, 1038, 1040. 

var. dixonensis, 1039. 
crassa, 1040. 

var. macra, 1041. 
crenulata, 1038. 
cuneata, 1042, 1041. 
depressa, 1040. 
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moclesLa, 1081. 
IDunclula, 999, 99,1, 1002. 
numeria, 1000, 994,999. 
obtusa, 997. 
persimilis, 998, 90,l, 997, 999. 
pragne, ~9H, 995-998, 1002. 
rugata, !)99, 99!. 
subconcava, 99!), 994, 998, 1002. 
vitruvia, H95, 996,997. 

Lithoclomus, 485. 
Lithop7wga, 485. 
Litorinida>, 106,1. 
Lituites, 764, 811. 

lituus, 76,1*, 811. 
11l1datlis var. occidentalis, 811. 

Lobes, frontal, 697; lateral, 697; palpebral, 697. 
Loligo, 761. 
Longicone, 763. 
Lophospira, 960, 847, 925, 933, 938, 945, 947, 949,950, 

951,952,953,961,962,964,965,967,970,971,975, 
977, 984, 9~7, 989-991, 1005, 1010, 1013, 1014, 1030, 
1046, 1051, 1053, 1054. 

abnormis, 974, 962, 975. 
acuminata, !)73, 1030. 
ampla, !)81, 951, 962, 974, 976, 979, 981, 983. 
aspera, 963. 
augustina, 987, 963, 988, 1018, 1019. 

var. minnesotensis, 988. 
bicincta, 964, 950, 961. 
bicincta section, !)63, 948, 952, 953, 961, 977. 
bicincta subsection, 963. 
bowdeni, 986, 951, 962,963,976,987,988, ]014. 
bowdeni subsection, H63. 
cassina, 991. 
centralis, 979, 962, 977, 981. 
cicelia, 963. 
cicelia subsection, 963. 
concinnula, 966, 961, 963,967. 
conoidea, 976, 988. 
conradana, 079, 963, 980. 
decursa, 075, 962, 976. 
elevata, 977, 962, 976, 978. 
estella, 963. 
extenuata, 96a. 
flllmorensis, 967, 961, 963, 985. 
gothlandica, 963. 
helicteres, 970, 963, 972. 

var. wisconsinensis, 9 1. 
helicteres subsection, U63. 
holmi subsection, B03. 
humilis,.HH8, 961, !J63, 989. 
imbricata, 950. 
imbricata subsection, 963. 
knoxvillensis, 089, 9G2, 953, 962, 964, 990, 991, 

10,17. 
labrosa, 9f,2. 
lallueata, 963. 
lirata, 988, 989. 

var. robusta, 98H. 
macrospira, 963. 
major, \J6::l. 
medialis, 973,962, 974, 975, 981, 982, 984. 

var. burginen'iis, 974. 
modesta, 962. 

multigruma, 978, 962,977,979,981,1081. 
notabilis, 990, 950, 951, 962-968, 970, 980, 982, 

984, 985, 1005, 1008. 
obliqua, 965, 963, 966,980. 
oweni, 980. 962, 974, 976, 979-984,987. 
peracuta, 976. 962, 978. 
perangulata, 972, 952, 962, 973-977, 979, 981, 

982,985. 
perangulata section, 962, 980. 
perangulata subsection, 962. 
perforata, 9~4, 963, 965, 985. 
perlamellosa, 985, 963. 
procera, 968, 96J. 
producta, 975, 963, 976. 
pulchella, 982, 962, 966, 973, 974, 983-985. 
pulchra, 982. 
quadrisulcata, 967,963. 
robusta, 989. 
robusta section, 963. 
saifordi, 982, 962. 
serrulata, 968, 950, 960, 963, 970-972. 
serrulata subsection, 963. 
sororcula, 962, 974. 
spironema, 983, 963, 966, 982, 984. 
sumnerensis, 978, 962,965, 976. 
tenuistriata, 983, 963, 966, 982, 984. 
trochonemoides, 990. 952, (1)2, 964, 991, 1047 
trachonemoides section, 964, 962, 990. 
tropidophora, 1081, 962. 
tubulosa, 950, 963. 
tubulosa subsection, 903. 
ventricosa, 980. 

Lower Silurian Oephalopoda of Minn, 760-812; 
Gastropoda of Minn., 813-10S1; Ldmellibranchi
ata of Minn., 475-628; Ostracoda of Minn., 629-
693; trilobites of Minn., 694-759. 

Loxonema, 1079. 
Loxonematidce, 1079, 1069. 
Loxop' ocus, 963. 
Luciniclce, 487. 
Lunule, 478. 
LunuJicardium, 486. 
Lutraria elliptica, 47!J*, 
Lyriopecten, 485. 
Lyrodesma, 608, 486, 518, 579, 612. 

acuminatum, 609, 610, 612. 
var. intermedium, 610, 61P·. 

cannonense, 610, 612. 
cincinnatiense, 610. 
major, HL P, 479*, 612. 
planum, 609. 
poststriatum, 610. 
subplanum, 610. 

Lyroclesmidce, 608, 486, 628. 

Maclurea, 1038, 815, 816, 1031, 1037, 1041. 
bigsbyi, 1039, 1038, 1040. 

var. dixonensis, 1039. 
crassa, 1040. 

var. macra, 1041. 
crenulata, 1038. 
cuneata, 1042, 1041. 
depressa, 1040. 
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knoxvillensis, 1039. 
logani, 1038, 1039. 
magna, 1038. 
manitobensis, 1041. 
nitida, 1040,1039. 
oceana, 1041. 
striata, 935. 
submtunda, 104S, 1041. 

Macluriidre, 1037,930. 
Maclurina, 1041, 1038. 

cuneata, 1042, 1043. 
manitobensis, 1041. 
subrotunda, 1043. 

Maclurites, 1038. 
Macrochilina, 1079. 

bulima, 1079. 
cancellata, 1079. 
jenestrata, 1079. 

Macrochilus. 1079. 
Macrocypris, 632, 631, 689, 690. 
Macrodon, 533, 486. 
Macronotella, 683,632,681. 

scofieldi, 684, 683. 
Moolonoceras, 803. 
Malletia, 583. 
Mantle of Gastropoda, 813. 
Matheria, 563, 484, 486, 504, 540, 564. 

recta, 563, 564. 
rugo~a, 563, 477*, 509, 513, 540, 564, 616. 
tenera, 563, 564. 

Meekospira, 1079, 1080. 
planilateralis, 1080. 
subconica, 1080, 1079. 

Megalodon, 487. 
Megalodontidre, 575,487, 576. 
Megalomphaia, 850,875, 876, 915. 
Megalomus, 487. 
Megambonia, 485. 

jamesi. 498. 
Melania, 1079. 

antiqua, 1079. 
Metopias, 753. 

pachyrbyncba var. iongirostrata, 748. 
Metoptoma, 825, 822, 824, 828. 

alata, 838. 
alceste, 822. 
angusta, 822. 
anomala, 822. 
erato, 825. 
estella, 829, 834. 
eub111e, 825. 
explanata, 880. 
hyrie, 825. 
instabilis, 885, 829. 
montrealensis, 840, 888, 841. 
niobe, 825. 
nycteis, 825. 
oritbyia, 822. 
orphyne, 886. 
perovalis, 830. 
phillipsi, 829. 
quebecensis, 825, 836. 
recurva, 822. 
retl'orsa, 822. 

simi lis, 829. 
simplex, 826, 82.9, 834. 
supe1'bu" 838, 83.9. 
trentonensis, 82.9. 
venilla, 838. 

Metbods of study of Lamellibrancbiata, 480. 
Microceras, 847. 

inornatus, 84,. 
Modiella, 485. 
Modiola, 502, 501. 
Modiolodon, 521, 485, 504, 512, 522, 523, 535, 628. 

ganti,521*. 
gibbus, 522. 
oviformis, 521*, 522. 
patulus, 521, 522. 
winchelli,521*. 

Modiolopsis, 502, 478, 48:~, 485, 501-507, 509,510, 
512, 514, 515, 517, 519, 520,523, 525, 527, 52S" 531, 
617. 

alata, 513, 504, 512. 
angusta, 507, 502, 503, 508. 
arcuata, 510. 
arguta, 506, 502,503, 507-509, 519. 
aviculoides, 516. 
cancellata, 514, 504. 
carinata, 504. 
cal'rollensis, 518, 51.9. 
cbattleldensis, 508. 
cincinnatiensis, 513, 504. 
conca va, 509,524. 
concentrica, 510,5(12,503,507,511. 
consimiIis, n05. 
corntgata, 514. 
dicteus, 504. 
excellens, 511, 503. 
faba, 509, 523. 
gesneri, 504. 
milleri, 523. 
lIlodiolaris, 503, 481*. 502, 505, 521. 
modiolijoTmis, 515, 514. 
mytiloide~, 508, 503, 507. 
nana, 507, 50a, 508, 509. 
nasuta, 504. 
oblonga, 514,504. 
obsoleta, 50H. 
orthonota, 527. 
ovijorrnis, 521, 504. 
oweni,506. 
plana, 512, 504. 
pholaclijoT1nis, 514, .504. 
primigenia, 504. 
pulchella, 514, 504. 
recta, 563, 504, 564. 
rectijormis, 527, 528. 
similis, 504, 503-506. 
subelliptica, 617, 504. 
subnasuta, 518,504,519. 
subparallela, 508. 
subrecta, 503. 
sulcata, 514. 
superba. 515, 504, 514. 
trentonensis, 526, 50!. 
truncata, 628, 504, 512. 
valida, 521*. 
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knoxvillensis, 1039. 
logani, 1038, 1039. 
magna, 1038. 
manitobensis, 1041. 
nitida, 1040,1039. 
oceana, 1041. 
striata, 935. 
subl'Otunda, 104S, 1041. 

Macluriidal, 1037,930. 
Maclurina, 1041, 1038. 

cuneata, 1042, 1043. 
manitobensis, 1041. 
subrotunda, 1043. 

Maclurites, 1038. 
Macrochilina, 1079. 

bulima, 1079. 
cancellata, 1079. 
fenestrata, 1079. 

Macrochilus. 1079. 
Macrocypris, 6:32, 631, 689, 690. 
Macrodon, 533, 486. 
MacronotelIa, 683, 632, 681. 

scofieldi,684, 683. 
Mrelonoceras, 803. 
Malletia, 583. 
Mantle of Gastropoda, 813. 
Matheria, 563, 484, 486, 504, 540, 564. 

recta, 563, 564. 
rugo~a, 563, 477*, 509, 513, 540, 564, 616. 
tenera, 563, 564. 

Meekospira, 1079, 1080. 
planilateralis, 1080. 
subconica, 1080, 1079. 

Megalodon, 487. 
Megalodontidal, 575,487, 576. 
Megalomphala, 850,875, 876, 915. 
Megalomus, 487. 
Megambonia, 485. 

jamesi. 498. 
Melania, 1079. 

antiqua, 1079. 
Metopias, 753. 

pachyrhyncha var. longirostrata, 748. 
Metoptoma, 825, 822, 824, 828. 

alata, 838. 
alceste, 822. 
angusta, 822. 
anomala, 822. 
erato, 825. 
estella, 829, 834. 
eubl11e, 825. 
explanata, 830. 
hYj'ie, 825. 
instabilis, 835, 829. 
montrealensis, 840, 838, 841. 
niobe, 825. 
nycteis, 825. 
orithyia, 822. 
orphyne, 836. 
perovalis, 830. 
phillipsi, 829. 
quebecensis, 825, 836. 
recurva, 822. 
retl'Orsa, 822. 

simi lis, 829. 
simplex, 826, 82.9, 834. 
supej'bu" 838, 83.9. 
trentonensis, 82.9. 
venilla, 838. 

Methods of study of LamelIibranchiata, 480. 
Microceras, 847. 

inornatus, 84,. 
ModieIla, 485. 
Modiola, 502, 501. 
Modiolodon, 521, 485, 504, 512, 522, 523, 535, 628. 

ganti,521*. 
gibbus, 522. 
oviformis, 521*, 522. 
patulus, 521. 522. 
winchelli,521*. 

Modiolopsis, 502, 478, 48:~, 485, 501-507, 509,510, 
512, 514, 515, 517, 519, 520,523, 525, 527, 528, 531, 
617. 

alata, 513, 504, 512. 
angusta, 507, 502, 503, 508. 
arcuata, 510. 
arguta, 506, 502,503, 507-509, 519. 
aviculoides, 516. 
cancellata, 514, 504. 
carinata, 504. 
caJ'rollensis, 518, 51.9. 
chattleldensis, 508. 
cincinnatiensis, 513, 504. 
conca va, 509, 524. 
concentrica, 510,5('2,503,507,511. 
consimilis, n05. 
corntgata, 514. 
dicteus, 504. 
excellens, 511, 503. 
faba, 509, 523. 
gesneri, 504. 
m illeri, 523. 
lliodiolaris, 503,481*,502, 505, 521. 
modiolifoTmis, 515, 514. 
mytiloide~, 508, 503, 507. 
nana. 507, 50a, 508, 509. 
nasuta, 504. 
oblonga, 514, 504. 
obsoleta, 50H. 
orthonota, 527. 
ovijoTmis, 521, 504. 
oweni,506. 
plana, S12, 504. 
pholadifo1'1ni~, [jU, 504. 
primigenia,504. 
lJulchella, 514, 504. 
j'ecta, 563, 504, 564. 
l'ectifoTmis, 527, 528. 
similis, 504, 503-506. 
subelliptica, 617, 504. 
subnasuta, 518, 504, 519. 
subparallela, 508. 
subrecta,503. 
slllcata, 514. 
superba. 515, 504, 514. 
trentonensis, 526, 504. 
truncata, 628, 504, 512. 
valida, 521*. 
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versaillensis, 521*. 
Modiolopsidffi, 500, 485, 501, 502, 517, 522, 523, 525, 

526, 530-532, 534. 
Modiomorpha, 503, 485, 501, 504, 512, 521. 

concentrica, 521*, 503, 504. 
Mogulia, 856, 855, 868, 915. 

regularis, 856. 
Mollusca, 485, 475, 813, 817. 
Monomyaria, 485, 480. 
Monoptera, 485. 
Ml)norachus, 729, 732, 733. 
Monorakos, 729. 
Monotis, 485. 
Moorea, 681, 632, 683. 

angular is, 68~, 681. 
bicornuta. 681. 
granosa. 681. 
kirkbyi, 681. 
obesa, 681. 
perplexa, 683, 681. 
punctata, 682, 669. 
smithii,681. 
tenuis, 681. 

Mourlonia, 955. 
Multi,alvia, 817. 
Murchisonia., 959, 944, 950, 960, 961, 988, ]010, 1012, 

1014, 1019, 1021, 1022, 1075. 
acrea, 969. 
ada, 959. 
adelina, 1021. 
agilis, 1014. 
alexandra, .946, 945. 
angulala, 1013. 
angustata, 1014. 
anna, 1014. 
arenaria, 1009. 
artemesia, 1013, 1014. 
attenuata, 1013, 1014. 1022. 
augustina, 987, 988. 
bacbelieri, 1013. 
bicincta. 964,951, 965, 984, 1016. 
bivittata, 1020. 
IJOwdeni, 986. 
Z,oylei, 959 
cancellatc!, .963. 
cassandra, lO]l. 
cava, 959. 
chalmasi, 1013. 
cingulata, 1013, 1014. 
clavicula, 1014. 
cochleata, 963, 1013. 
compressa, 1020. 
constrict a , 959. 
coronata, 960. 
rlctvidsoni, 959. 
desiderata, 949,1014. 
(lesic1erata section, 1013. 
doubtful speCies of, 959. 
egl'egia. 1014. 
e;J;tenuata. 1013. 
gracileus, 1014, 1015. 
gmcilis, 659, 1014, 1016, 1022. 
gyrgoma, 977. 
hebe, 1014. 

helicteres, 968, 951, 970, 971. 
helicteres et triecwinata, 971. 
hyale, 1009. 
imbricata, 963. 
laphami, 959. 
larcomi, 1013, 1022. 
lebe8contei, 1014. 
leda, 1014. 
linearis, 1020. 
logani, 1020. 
longispira, 1020. 
maia, 949, 1014. 
major, 1017,987, 10l8, 1019. 
micula, 1013, 1021. 
milleri, 964, 970. 
mis~isquoi, 1021. 
moniliformis, 1014, 1013. 
multigruma, 978. 
munda, 963. 
nana, 1022. 
obtusangula, 1014,1013. 
pagocla, 1022. 
perangulata, 972. 
pl'ocris, 1014. 
quadricnl'innta, 1022. 
se'l'1'ulata, 960, 951, 969, 970. 
simulatrix, 1014. 
soluta, 963. 
subplicnta, 1014. 
sub/usi/ormis, 1077. 
sumnerensis, 978. 
tenuis, 1022. 
tereti/ormis. 1014, 1018. 
tOl'tuosa, 963. 
tricarinata, 968, 970, 972. 
tricincta, 1022. 
tropic1opbora, 963. 
tU1Ticula, 1021. 
tlll'ritella, 1022. 
tun'ili/onnis, 1020. 
ventl'icosn, 946, 945, 979. 
vermicula, 1022. 
worthenana, 955. 

Muscular impressions, 480. 
i\lyalina, 501, 485. 
Myidffi, 608. 
Myoconcha, 501,502. 
Mytilarca, 494, 48(;), 489. 
Mytilidffi, 485, 489, 501, 502. 
Mytilops, 485. 
Mytilus, 501, 502. 

N acella, 820, 825. 
Nanno, 769,765, 766, 772,773,777,812. 

aulema, 770,772,812. 
belemnitiforme, 771, 772, 774. 

Nautiloidea, 767,761,762. 
Nautilus, 773. 

pompilius, 762*, 761. 
Neilo, 583. 
N emat(lpora delicatula, 912. 
Nieszkowskia, 737, 736. 

glaucus, 738. 
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numitor, 738. 
perforator, 738. 
satyrus, 738. 

Nileus, 712,713. 
affinis, 713. 
armadillo, 713. 
macrops, 713. 
minnesotensis, 712. 
llalpebrosus, 713. 
scrutator, 71~( 
vigilans, 712'",713. 

Niobe; 704. 
Note on subgeneric classitlcation of Ceraurus, 736. 
Nucleobranchiata, 819, 817. 
Nucula, 582, 478, 479, 486, 578, 582, 583. 

fabula, 607. 
jecunda, 595. 
lepida, 604. 
levata, 5911. 
obliqHa, 604. 
poststriata, 610. 

Nuculana, 479*, 486. 
Nuculidre, 578,486, 58J, 582. 
NucuJites, 582, 486, 606, 610. 
Nudibranchiata, ~18. 
Nyassa, 486. 

Observations on American Lower Silurian Phaco-
pidre, 732. 

Occipital groove, 697; ring, 697. 
Octonaria, 632. 
Odontocephalus, 733. 
Odontophore or Gastropoda, 814. 
Odontopleura, 741. 

parvula, 744*. 
Offa, 632. 
Omospira, 944,931,932,933, 934, 938,945, 1005. 

alexandra, 946. 
laticincta, 945, 932. 

Oncoceras, 798, 764, 766, 7\)6, 799, 804. 
brevicameratum, 803. 
carveri, 801, 812. 
constrictum, 802. 
douglassi, 80 I , 812. 
exiguum, 798, 812. 
lycus, 799, 812. 
minnesotense, 798.799*,812. 
mumiajorme, 797. 
pandion, ~02, 803, 812. 

Oncoceratidre, 797. 
Onustidre, 939. 
Oonoceras, 803. 
Operculum of Gastropoda, 816. 
Ophileta, 1030, 815, 934, 936, 937, 1023, 1025, lO26, 

1028-1030, 1031,1033, 1038. 
bella, 1025. 
compacta, 769. 
complanata, 1025. 
ottawaensis, 937. 
owenana, 1032, 937. 
uniangulatus, 1025. 

Ollhiletina, 1029, 1028,.1030, 1032. 
angularis, 1031,:1030. 

sublaxa, 1030, 1031. 
var. depressa, 1031. 
var. sequens, 1031. 

Ophisthobranchiata, 818, 817, 844, 845. 
Ophistboptera, 6:?8. 
Orrecardium, 486. 
Oriostoma, 1058. 
Ormoceras, 781, 794. 

backi,781. 
baytleldi, 781. 
Temotiseptum, 782, 783. 
tenuitllum, 781, 783. 

Orthis, 1037. 
tlabellites, 798. 
pectinella, 736. 
perveta, 615. 
q uadra ta, 677. 
striatula, 769. 
subquadrata, 865. 
retrosa, 597. 
testudinaria, 768. 

Orthoceras, 783. 763~;, 766, 776, 778. 
amplicameratum, 790,783,812. 
anellus, 784,812. 
beloitense, 782. 
beltrami, 789, 812. 
bilineatum, 786, 765, 785, 787, 812. 
crotalum, 787. 
hastatum, 793. 
gregaTium, 789. 
junceum, 790,812. 
lesueuri, 785, 812. 
]ongissimum, 765. 
lycus, 799. 
matutina, 769. 
multicameratum, 789, 812. 
multitubulatum, 765. 
nicolleti, 784, 812. 
o~orus, 788, 784, 785, 812. 
perroti, 785,788, 812. 
planoconvexum, 791. 
servile, 793. 
sociale, 789, 812. 
sp. und., 786. 
tenuistriatum, 78~, 812. 
undulostriatum, 769. 
vertebrale, 788. 
ziphias, 798. 

Orthocera tidre, 783. 
Ortbodesma, 516, 477*, 478, 485,502-504, 507, 514-

519, 523, 525, 531, 618, 623. 
byrnesi, 619, 517. 
canaliculatum, 520, 628. 
contractum, 517. 
cuneijoTme, 623, 517. 
curvatum, 517,519. 
mickleboro1<ghi, 519, 517. 
minnesotense, 517, 519. 
rectum, 516, 518, 519. 
saffordi, 514, 517. 
scbucbert,i, 518, 519. 
subnasutum, 51S. 519. 
subovale, 531, 517. 

Ortbonota, 517,487. 
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Ophiletina, 1029,1028,.1030,1032. 
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backi,781. 
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Temotiseptum, 782, 783. 
tenuiftlum, 781, 783. 
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lesueuri, 785, 812. 
longissimum, 765. 
lycus, 799. 
matutina, 769. 
multicameratum, 789, 812. 
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nicolleti, 784,812. 
o~orus, 788, 784, 785, 812. 
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sp. und., 786. 
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Ortonella, 535, 486. 
Ostracoda, chapter on, 629-693. 
Owenella, 847, 845, 848-850, 856, 857, 868, 876. 

antiquata, 1080*, 848. 
Oxydiscus. 912, 850, 851, 852, 858-860,868, 913,914, 

926. 
acu tu", 869-*, 852. 
cristatus, 914,852,913. 
curvilineatus, 852. 
delanonii, 552. 
disculus, 913. 
discus, 852. 
imitator, 852. 
magnus, 852. 
orbiculatus, 852. 
planissimu8, 852. 
scutigera, 852. 
subacutu8, 913, 852, 914. 

Pachydictya fuliata, 685. 
Pachydomella, 632. 
Palalacmea, 836, 821,825, 837, 838. 

humilis, 837,836. 
irvi ngi, 836. 
orphyne, 836. 
quebecensis, 836. 
solarium, 836. 
typica, 822, 836. 

Palmanatina, 487. 
Palmanatinidm, 487. 
Palmarca, 534--536, 539. 

"entricosa, 573, 540, .574. 
Palmocardia, 489, 485. 
Palmoconcha, 578, .580. 600, 605. 
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ceD tralis, 652. 
ciDciDnatiensis, 655, 658. 
distans, 659. 
dorsicornis, 689. 
duplicata, 654, 652, 655, 658, 659. 
elonlla ta, 618, 659. 

var. nuda, 647,648. 
excavata, 659. 
gibbera, 655. 
ilIa bra, 639. 
humilis, 650,651. 
impressa, 650. 
maccoyii, 644. 
mammata, 652,650. 
matutina, 647. 
micula, 653. 
milleri, 653. 
minuta, 687, 647, 688. 
minutissima,65}-. 
mundula, 650, 656. 
parallel a, 658. 
plana, 659. 
renulina, 650. 
sancti pauli, 652, 650, 653. 
sculptilis, 656. 
seminulum, 656. 
simplex, 656. 
trigonalis, 652. 
tumida, 655, 652-654, 658. 
ulrichi, 647. 
umbonata, 659. 
unicoTnis, 649, 647. 
uphami, 6tH, 653. 
variolata, 650, 652. 
whitjieldi, 647. 

Primitiella, 647, 632, 643, 650, 688. 
constricta, 647,648. 
ll11morensis, 649. 
limbata, 648, 647. 
minuta, 648. 
8imulans, 648. 
unicorn is, 649. 

Primitiopsis, 632, 659. 
Prisconoia, 486. 
Proetus, 7~4, 752. 

parviusculus, 754. 
stonemani, 72i. 

Prolobella, 532, 485, 501. 
striatula, 532,533. 
trentonensis, 532. 

Promacrus, 486. 
Prorhynchus, 487. 
Prosobranchiata, 930,814,817,819,845. 
Proteobranchia, 819, 818. 
Protoconch, 764. 
Protowarthia, 867,848,849,854-857,868,869,873, 

876, 914,922, 923. 
acutilira, 8i8. 
bilobata, 869*, 848, 873, 875. 
cancellata, 872, 848,868, 870, 873. 

var. trentonensis, 872. 
cassinensis, 848. 
concinna, 874,848. 

granistriata, 870,848,871,872, 922, 924. 
morrowensis, 848. 
obesa, 874, 848, 875. 
pervoluta, 871,831,848,872,875. 
planodorsata, 871, 848, 872, 873. 
rectangularis, 868. 848, 869, 870, 872. 
subcompressa, 873. 848, 874. . 

Protowarthiidm, 847. 
Prothyridm, 487. 
Prothyris, 487. 
Protomya, 487. 
Pseudo mono tis, 485. 
Pseudomelaniidm, 1069. 
Pseudosphmrexochus, 734, 736, 737. 

prolitlcus, 738 
trentonensis, 73 J, 735*, 738. 

Psiloconcha, 530, 485, 501, 517, 531. 
elliptica, 530*. 
grandis, 530". 
minnesotensis, 531. 

Psilonychia, 485. 
Pterinea, 483, 485, 489. 

undata, 497. 
Pterinopecten.485. 
Pteronitella, 485. 
Pteroni tes, 485. 
Pteropoda. 818, 815, 817, 842, 844,845,857,926,927. 
Pterotheca, 857, 926, 927. 
Pterygometopus, 727, 7~9, 731-733. 

callicephalus, 731*, 730, 732. 
eboraceus, 728*, 729*, 732, 733. 
intermedius, 727, 728*, 729, 730, 732. 
schmidti, 729, 730*,731, 732. 

Ptychodesma, 533, 486. 
Ptychomphalus, 960. 
Ptychopteria, 485. 
Ptychopyge, 709, 704, 705,710. 

ulrichi,709*. 
Pulmogastropoda, 817. 
Pulmonata, 819, 814, 817, 845. 
Pulmonifera, 817. 
Pygidium, 698, 696. 
Pyramidellidm, 960. 
Pyranomya, 501, 485. 
PyrenomalUs, 486. 
Pyrgotrochus, 957, 949, 960. 

Raphistoma, 940, 930, 931, 932-942, 944, 945, 992, 
993, 1000, 1004, 1029, 1031, 1047. 

americanum, 940. 
calyx, 941. 
crevieri, 9il. 
damesi, 1035. 
junior, 958. 
lapicida, 942, 932, 938, 940. 
lenticulare, 995, 940, 996. 
nasoni, 1004. 
niagarensis, 940. 
peracutum, 940,934*, 941. 
planistria, 935, 940. 

var. parvum, 940. 
planistriata, 932. 
prcevium, 998. 

cl PALEONTOLOGY OF MINN:ElSOTA. 

celata, 653, 654. 
ceD tralis, 652. 
cincinnatiensis, 655, 658. 
distans, 659. 
dorsicornis, 689. 
duplicata, 654, 652, 655, 658, 659. 
elonlla ta, 6i8, 659. 

var. nuda, 647,648. 
excavata, 659. 
gibbera, 655. 
glabra, 639. 
h umilis, 650, 651. 
impressa, 650. 
maccoyii, 644. 
mammata, 652,650. 
matutina, 647. 
micula, 653. 
m illeri, 653. 
minuta, 687, 647, 688. 
minutissima, 65}.. 
mundula, 650, 656. 
parallel a, 658. 
plana, 659. 
renulina, 650. 
sancti pauli, 652, 650, 653. 
sculptilis, 656. 
seminulum, 656. 
simplex, 656. 
trigonalis, 652. 
tumida, 655, 652-654, 658. 
ul1'ichi, 647. 
umbonata, 659. 
unicornis, 649, 647. 
uphami, 651, 653. 
variolata, 650, 652. 
whitjieldi, 647. 

Primitiella, 647, 632, 643, 650, 688. 
constricta, 647, 648. 
ll11morensis, 649. 
limbata, 648, 6-l7. 
minuta, 648. 
8imulans, 648. 
unicorn is, 649. 

Primitiopsis, 632, 659. 
Prisconoia, 486. 
Proetus, 7~4, 752. 

parviusculus, 754. 
stonemani, 724. 

Prolobella, 532, 485, 50l. 
striatula, 532,533. 
trentonensis, 532. 

Promacrus, 486. 
Prorhynchus, 487. 
Prosobranchiata, 930,814,817,819,845. 
Proteobranchia, 819, 818. 
Protoconch, 764. 
Protowarthia, 867,848,849,854-857,868,869,873, 

876, 914,922, 923. 
acutilira, 848. 
bilobata, 869*, 848, 873, 875. 
cancellata, 872, 848,868, 870, 873. 

var. trentonensis, 872. 
cassinensis, 848. 
concinna, 874,848. 

granistriata, 870, 848, 871, 872, 922, 924. 
morrowensis, 848. 
obesa, 874, 848, 875. 
pervoluta, 871.831,848,872,875. 
planodorsata, 871,848,872,873. 
rectangularis, 868, 848, 869, 870, 872. 
subcompressa, 873. 848, 874. . 

Protowarthiidm, 847. 
Prothyridm, 487. 
Prothyris, 487. 
Protomya, 487. 
Pseudo mono tis, 485. 
Pseudomelaniidm, 1069. 
Pseudosphmrexochus, 734, 736, 737. 

prolitlcus, 738 
trentonensis, 731, 735", 738. 

Psiloconcha, 530, 485, 501, 517, 53l. 
elliptica, 530*. 
grandis, 530". 
minnesotensis, 531. 

Psilonychia, 485. 
Pterinea, 483, 485, 489. 

undata, 497. 
Pterinopecten.485. 
Pteronitella, 485. 
Pteroni tes, 485. 
Pteropoda. 818, 815, 817, 842, 844,845,857,926,927. 
Pterotheca, 857, 926, 927. 
Pterygometopus, 727, 7~9, 731-733. 

callicephalus, 731*,730,732. 
eboraceus, 728*, 729*, 732, 733. 
intermedius, 727,728*,729,730,732. 
schmidti, 729, 730*,731, 732. 

Ptychodesma, 533, 486. 
Ptychomphalus, 960. 
Ptychopteria, 485. 
Ptychopyge, 709, 704, 705,710. 

ulrichi,709*. 
Pulmogastropoda, 817. 
Pulmonata, 819, 814, 817, 845. 
Pulmonifera, 817. 
Pygidium,698, 696. 
Pyramidellidm, 960. 
Pyranomya, 501, 485. 
Pyrenomceus, 486. 
Pyrgotroch us, 957, 949, 960. 

Raphistoma, 940, 930, 931, 932-942, 944, 945, 99:2, 
993, 1000, 1004, 1029, 1031, 1047. 

americanum, 940. 
calyx, 941. 
crevieri, 941. 
damesi, 1035. 
junior, 958. 
lapicida, 942, 932, 938, 940. 
lenticulare, 995, 940, 996. 
nasoni, 1004. 
niagarensis, 940. 
peracutum, 940,934*, 94l. 
planistria, 935, 940. 

var. parvum, 940. 
planistriata, 932. 
prcevium, 998. 
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radians, 958. 
richmondensis, 938. 
schmidti,936. 
spirillum, 936. 
stamineum, 932, 9a5, 940. 
striatum, 936. 
8Ubtili.~triatum, 940. 

Raphistomidro, 930. 931, 938, 944, 945, 1005, 1023. 
Raphistomina, 941, 931, 932,933-935, 937-942, 944, 

945, 992, 993. 
denticulata, 943. 
lapicida, 942, 932, 934*, 94:3. 
laurentina, 941, 943. 
modesta, 943. 
rugata, 944. 

Rhineoderma, 960. 
Rhombina, 632. 
Rhynchotrema inroquivalvis, 912. 

increbescens, 912. 
Rhynchotreta capax, 677. 
Rhytimya, 618. 487, 517,526,619,620. 

lunulata, 620. 
producta, 618, 619. 
sinuata, 619. 

Ribs of trilobites, 698. 

SchmidteUa, 639, 632. 640, 642. 
amnis, 64,1. 642, 653. 
brevis, 642. 
crassimarginata, 64,0, 6:39, 641, 690. 
incompta, 642, 641. 

var. subroqualis, 642. 
subrotunda, 643. 641, 685. 
umbonata, 641,642,643. 

Safi'ordia, 625, 487, 621. 
modesta, 627. 
sulcodorsata, 626, 627. 
ventralis, 626, 625,627. 

Salpingostoma, 897, 815, 850, 851,858,88:3,885,886, 
888, 898, 899, 904, 91)5. 

buelli, 900, 851, 898-902, 904. 
var. kentuckiensis, 901, 85l. 

canadensis, 851. 
compress a, ~51. 
expansa, 901, 851, 902. 
fraternus, 851. 
imbricatum, 902, 851. 
locator, 851. 
megalostoma, 851. 
richmondensis, 903,851, 893, 899. 
sculptilis, 902.851, 898, 904. 

Sannionites, 775. 
Sanguinolites, 619, 486. 
Sanguinolitidro, 486. 
Sarepta, 583. 
Scalites, 933, 931, 934, 935, 944. 

angulatus, 933*. 
tropidophora, 1081. 

Scaphopoda, 818, 815,817,845. 
Scenella, 837, 820, 822, 823,825,827, 838, 841,842. 

amnis. 840, 841. 
var. obsoleta, 841. 

beloitensis, 839. 838, 841, 842. 

compressa, 840,841. 
magnifica, 839,840, 842, 
montrealensis, 841, S38, 840. 
obtusa, 841, 042. 
radialis, 841, 837. 
reticulata. 822, 837. 
superba, 838, 8:39-842. 

Schizodus, 486. 
Schizolopha, 9Hl, 947, 949, 952. 

mooresi, 992, 952, 991. 
t'extilis, 992,948, 9ii2, 99l. 

Scissurella, 815. 
Sedgwickia, 619, 487,~618, 621. 

lunulata, 619. 
Seelya, 1011, 958, 989, 1008, 1009, 

d i mcilis, 1009. 
lirata, 988. 

var. obsoleta, 989. 
mundula, 1012. 
ventricosa, 1009*,958, 1012. 

Segments of tribolites, 697. 
Sepia, 761. 
Septa of Oephalopoda, 761. 
Shell of Oephalopoda, 763; of Gastropoda, 814. 
Silurian, Oephalopoda of Lower, 760-812; Gastro-

poda of Lower, 813-1081; Lamellibranchiata of 
Lower, 475-628; Ostracoda of Lower, 629-6~:3; 

tribolites of Lower, 69-1 -759. 
Sipho of Oephalopoda, 765, 762. 
Sipbonida, 486. 
Solarium caillaudianuID, 939. 
Solen, 517. 
Solenidro, 487. 
Soleniscus, 1079. 
Solenomya, 5:30, 486. 
So!enomyidro, 486. 
So!enopsis, 487. 
Solenospira, 1021, 959, 1013, 1022. 

pagoda, 1022, 1023. 
prisca, 1022,1023. 

Spathella, 485. 
Spenotus, 486. 
Sphrorocoryphe, 737. 

robusta; 7:38. 
sa! teri, 7:38. 

Sphenolium, 623,487, 517, 531. 
cuneiforme, 62:3. 
parallelum, 624. 
striatum, 624, 625. 

Spines, caudal, 698. 
genal, 697. 

Squid, 761. 
Stach ella, 857. 

bifrons, 857. 
Stenoloron, 960. 
Stenotbeca, 842, 822, 827, 8:37, 8:38, 843, 845, 846, 

859. 
cornucopia, 822. 
elongata, 843, 
exserta, 842. 
rugosa, 842, 843. 

var. lens, 843. 
unguiformis, 843, 826. 

Straparollina, 1024. 
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radians, 958. 
ricbmondensis, 938. 
scbmidti,936. 
spirillum, 936. 
stamineum, 932, 935, 940. 
striatum, 936. 
subtilit4riatum, 940. 

Rapbistomidro, 930, 931, 938,944, 945, 1005, 1023. 
Rapbistomina, 941, 931, 932,933-935, 937-942, 944, 

945, 992, 993. 
denticulata, 943. 
lapicida, 942, 932, 934*, 948. 
laurentina, 941, 943. 
modesta, 943. 
rugata, 944. 

Rbineoderma, 960. 
Rhombina, 632. 
Rhyncbotrema inroquivalvis, 912. 

increbescens, 912. 
Rbyncbotreta capax, 677. 
Rhytimya, 618, 487, 517,526,619,620. 

lunulata, 620. 
producta, 618, 619. 
sinuata, 619. 

Ribs of trilobites, 698. 

Schmidtella, 639, 632, 640, 642. 
atllnis, 6~1, 642,653. 
brevis, 642. 
crassimarginata, 6~0, 639, 641, 690. 
incompta, 642, 641. 

var. subroqualis, 642. 
subrotunda, 643, 641, 685. 
umbonata, 641,642,643. 

Safi'ordia, 625, 487, 621. 
modesta, 627. 
sulcodorsata, 626, 627. 
ventralis, 626, 625,627. 

Salpingostoma, 897,815,850,851,858,883,885, 886, 
888, 898, 899, 904, 91)5. 

buelli, 900, 851, 898-902, 904. 
var. kentuckiensis, 901, 851. 

canadensis, 851. 
compressa, !'l51. 
expansa, 901, 851, 902. 
fraternus,851. 
imbricatum, 902, 851. 
locator, 851. 
megalostoma, 851. 
ricbmondensis, 903, 851, 893, 899. 
sculptilis, 902, 851, 898, 904. 

Sannionites, 775. 
Sanguinolites, 619, 486. 
Sanguinolitidro, 486. 
Sarepta, 583. 
Scalites, 933, 931, 934, 935, 944. 

angulatus, 933*. 
tropidophora, 1081. 

Scapbopoda, 818, 815,817,845. 
Scenella, 837, 820, 822, 823, 825, 827, 838, 841, 842. 

atllnis. 840, 8U. 
var. obsoleta, 841. 

beloitensis, 839, 838, 841, 842. 

compressa, 840,841. 
magnifica, 839,840, 842, 
montrealensis, 841,838, 840. 
obtusa, 841, 542. 
radialis, 841, 837, 
reticulata, 822, 837. 
superba, 838, 839-842. 

Schizodus, 486. 
Schi:wlopha, 9Hl, 947, 949, 952. 

mooresi, 992, 952, 991. 
t'extilis, 992,948, 9fi2, 99l. 

Scissurella, 815. 
Sedgwickia, 619, 487,~6l8, 621. 

lunulata, 619. 
Seelya, 1011, 958, 989, 1008, 1009, 

difficilis, 1009. 
lirata, 988. 

var. obsoleta, 989. 
mundula, 1012. 
ventricosa, 1009*,958, 1012. 

Segments of tribolites, 697. 
Sepia, 761. 
Septa of Oephalopoda, 761. 
Shell of Oephalopoda, 763; of Gastropoda, 814. 
Silurian, Oephalopoda of Lower, 760-812: Gastro-

poda of Lower, 813-1081; Lamellibranchiata of 
Lower, 475-628; Ostracoda of Lower, 629-6rJ3; 
tribolites of Lower, 69-1759. 

Sipho of Cephalopoda, 765, 762. 
Sipbonida, 186. 
Solarium caillaudianum, 939. 
Solen, 517. 
Solenidro, 487. 
Soleniscus, 1079. 
Solenomya, 530, 486. 
Solenomyidro, 486. 
Solenopsis, 487. 
Solenospira, 1021, 959, 1013. 1022. 

pagoda, 1022, 1023. 
prisca, 1022,1023. 

Spatbella, 485. 
Spenotus, 486. 
Sphrorocorypbe, 737. 

robusta; 738. 
salteri, 738. 

Sphenolium, 623,487,517,531. 
cuneiforme, 623. 
parallelum, 624. 
striatum, 624, 625. 

Spines, caudal, 698. 
genal, 697. 

Squid, 761. 
Stach ella, 857. 

bifrons, 857. 
Stenoloron, 960. 
Stenotbeca, 842, 822, 827, 837, 838, 843, 845,846, 

859. 
cornucopia, 822. 
elongata, 843, 
exserta, 842. 
rugosa, 842, 843. 

var. lens, 843. 
unguiformis, 843, 826. 

Straparollina, 1024. 
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Straparollus, 1024. 
quebecensis, 1023. 

Streblopteria, 485. 
Strophomena deltoidea, 746, 

subtenta, 736. 
Strophostylus, 1063, 1043, 1044, 1056-1058, 1064. 

cyclostomus, 1063. 
elegans, 1063. 
textilis, 1064, 1057, 1063. 

Strepula, 632, 677. 
/1(1111tijera, 680. 
quaelrilirata, 679. 

Subgeneric classification of Ceraurus, 736. 
Subulitacea, 1069. 
Subulites, 1069,1070,1071.1073-1075,1079. 

abreviatus, 1070. 
attenuatus, 1070. 
beloitensis, 1072, 1073. 
brevis, 1070. 
calcijerus, 1070, 1074. 
canadensis, 1071, 1072. 
compactus, 1070. 
conradi, 1071,1012. 
daphne. 1070, 1074. 
directus, 1070. 
dixon ens is, 1072, 1073. 
gracilis, 1070. 
inflatus, 1075, 1070. 
nanus, 1072, 1070. 
notattlS, 1070, 1074. 
ouesus, 1070, 10'74. 
parvlllus, 1070. 
parvus, 1072. 
pergraciJis, 1072. 1073. 
planilaterali.~, 1079. 
priscus, 1070. 
psyche, 1070, 1074. 
regularis, 1072, 1070, 1073. 
richardsoni, 1070. 
sp. undet., 107:3, 1070. 
terebriformis, 1070. 
ventricoSl!s, 1070, 1073. 

Subulitidffi, 1069. 
Sulcuna, 632. 
Suture, of Cephalopoda, 761; of Gastropoda, 815; 

facial of trilobites, 697. 
Synopsis of generic groups of Pleurotomaridffi, 951. 
Synphoria, 733. 

Taconic Ostracoda, 631. 
Tffinoceratidffi, 8Il. 
Talantodisc['s,960. 
'I'echnophoridffi, 612, 628. 
Technopl1orus, 612, 486,608,613,614,628. 

divaricatus, 616. 
extenuatus, 614. 611\ 613. 
faberi, 613. 
filistriatus, 615. 
punctostriatus, 615,61:),616. 
subacutus. 614,613. 

Tectibranchiata, 818. 
Tecturidffi,837. 
Teeth of Lamellibranchiata, 480, 479. 

Tellimya,578. 
Tellinomya, 578, 478, 479, 486, 579, 582. 

alta, 602. 
eompl'essa, 600. 
ew·ta, 582. 
elubia, 591. 
jeeunaa, 595. 
hamburgensis, 605. 
intermeaia, 601. 
lepida, 604. 
levata, 599. 
longa, 590. 
nasuta, 584, 578, 579, 585, 591. 
obliqua, 604. 
planodorsata,589. 
reeurva, 603. 
similis, 604. 
ventrieosa, 587, 588. 

Terataspis, 753. 
grandis, 753. 

Terminology, Lamellibranchiata. 477; trilobites, 
696. 

Tertiary Ostracoda, 631. 
Tetrabranchiata, 767. 761. 
Tetradella, 677, 630,632,657, 669,675,676-679. 

ehambersi, 676. 
lunatifera, 680*. 
quadrilirata, 679, 669,675, 677, 680. 

var. simplex, 680. 
subquadrata. 677, 679. 

Tetranota, 875, 849, 850, 856, 857, 876, 877,882, 883, 
886, 896, 923. 

bidorsata, 877, 849, 875-883, 896, 923. 
var. minor, 878. 

macra, 879, 849, 875, 877. 
obsoleta, 880, 849, 875-877, 881. 
sexcarinata, 878, 849, 875, 877-881. 
wisconsinensis, 881, 849, 875-877, 923. 

Thaleops, 716, 718. 
ovata, 716,714, 717*, 718*. 

Thecosomata, 818. 
Thlipsura, 632. 
Thlipsuridffi, 632. 
Thorax of trilobites, 697, 696. 
Thysanopeltis, 725. 
Tremanotus, 851, 850, 858, 883, 885, 897, 898, 899, 

903, 905, 1045. 
alpbeus, 851. 
angustata, 851. 
buelli, 900. 
chicagoensis, 851. 
compressus. 851. 
longitudinalis, 851, 899. 
maideni, 851. 
profundus, 851. 
trigonostoma,851. 

Trepospira. 957,958, 992, 993, 1081*. 
convexa, 1081*. 
illinoisensis, 1081*. 
sphrerulata, 1081*. 

,]~riassic Ostracoda, 631. 
Trigoniidffi. 608, 486. 
Trilobites, cbapter on Lower Silurian, 695-j59. 
Trinucleus, 752. 

elii PALEONTOLOGY OF MINNESOTA. 

Straparollus, 1024. 
quebecensis, 1023. 

Streblopteria, 485. 
Strophomena deltoidea, 746, 

subtenta, 736. 
Strophostylus, 1063, 1043, 1044, 1056-1058, 1064. 

cyclostomus, 1063. 
elegans, 1063. 
textilis, 1064, 1057, 1063. 

Strepula, 632, 671. 
ltl1wtifera, 680. 
'luac1riliTata, 679. 

Subgeneric classification of Ceraurus, 736. 
Subulitacea, 1069. 
Subulites, 1069,1070,1071,1073-1075,1079. 

abreviatus, 1070. 
attenuatus, 1070. 
beJoitensis, 1072, 1073. 
brevis, 1070. 
calciferWJ, 1070, 1074. 
canadensis, 1071, 1072. 
compactus, 1070. 
conradi, 1071,1012. 
daphne, 1070, 1074. 
directus, 1070. 
dixonensis, 1072, 1073. 
gracilis, 1070. 
injlatlls, 1075, 1070. 
nanus, 1072, 1070. 
notatlls, 1070, 1074. 
ouesWJ, 1070, 10'74. 
pa1"vl£lus, 1070. 
parvus, 1072. 
pergracilis, 1072, 1073. 
planilaterali.~, 1079. 
priscWJ, 1070. 
psyche, 1070, 1074. 
regularis, 1072, 1070, 1073. 
richardsoni, 1070. 
sp. undet., 107:3, 1070. 
terebriformis, 1070. 
ventricoslts, 1070, 1073. 

SubuJitidre, 1069. 
Sulcuna, 632. 
Suture, of Cephalopoda, 761; of Gastropoda, 815; 

facial of trilobites, 697. 
Synopsis of generic groups of PJeurotomaridre, 951. 
Synphoria, 733. 

Taconic Ostracoda, 631. 
Trenoceratid~, 811. 
Talantodisces,960. 
'I'echnophoridao, 612, 628. 
Technophorus, 612, 486,608, 613, 614, 628. 

divaricatus, 616. 
extenuatus, 614. 611.., 613. 
faberi, 613. 
illistriatus, (i 15. 
punctostriatus, 615, 61::!, 616. 
subacutus. 614, 613. 

Tectibranchiata, 818. 
Tecturidre, 837. 
Teeth of Lamellibrancbiata, 480, 479. 

Tellimya, 578. 
Tellinomya, 578, 478, 479, 486, 579, 582. 

alta, 602. 
eompl'essa, 600. 
ew·ta, 582. 
dubia, 591. 
feeunda, 595. 
hamburgensis, 605. 
intermedia, 601. 
lepida, 604. 
lev((ta, 599. 
longa, 590. 
nasuta, 584, 578, 579, 585, 591. 
obli'lua, 604. 
planodorsata, 589. 
reeurva, 603. 
similis, 604. 
ventrieosa, 587, 588. 

Terataspis, 753. 
grand is, 753. 

Terminology, Lamellibrancbiata, 477; trilobites, 
696. 

Tertiary Ostracoda, 631. 
Tetrabrancbiata, 767. 761. 
Tetradella, 677, 630,632,657, 669, 675, 676-679. 

chambersi, 676. 
lunatifera, 680*. 
quadrilirata, 679, 669,675,677,680. 

var. simplex, 680. 
subquadrata. 677, 679. 

Tetranota, 875, 84:9, 850, 856, 857, 876, 877, 882, 883, 
886, 896, 923. 

bidorsata, 877,849, 875-883, 896, 923. 
var. minor, 878. 

macra, 879, 849, 875, 877. 
obsoleta, 880, 849, 875-877, 881. 
sexcarinata, 878, 849, 875, 877-881. 
wisconsinensis, 881, 849, 875-877, 923. 

Tbaleops, 716, 718. 
ovata, 716,714, 717*, 718*. 

Tbecosomata, 818. 
Tblipsura, 632. 
Tblipsuridre, 632. 
Tborax of trilobites, 697, 696. 
Tbysanopeltis, 725. 
Tremanotus, 851, 850, 858, 883, 885, 8.97, 898, 899, 

903, 905, 1045. 
aJpbeus, 851. 
angustata, 851. 
buelli, 900. 
chicagoensis, 851. 
compressus, 851. 
longitudinalis, 851, 899. 
maideni, 851. 
profundus, 851. 
trigonostoma, 851. 

Trepospira, 937,958, 992, 993, 1081*. 
convexa, 1081*. 
illinoiseDsis, 1081*. 
sphrerulata, 1081*. 

,]~riassic Ostracoda, 631. 
Trigoniidre. 608, 486. 
Trilobites, cbapter on Lower Silurian, 695-;59. 
Trinucleus, 752. 
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Triptoceras, 791, 793. 
has tatum, 793. 
lambi, 793,812. 
oweni, 792, 793,812. 
planoconvexum, 791,793, 812. 
planodorsatum, 792, 793, 812. 
sp. ?, 793, 812. 

Trochidm, 9aO, 939, 1\)43,1047. 
Trochonema, 1()4:5, 815, 939, 962, 989-991, 1043-

1047,1052,1053. 
altum, 1052. 
arctatum, 1054:,1047. 
beachi, 1048,1047. 
bellulum, 1050,962, 989,990, 1047, 1051. 
beloitense, 104:8, 989, 1049. 
eccent,ricum, 104:9, 1050,1O5l. 
fragile, 1050, 1051. 
madi~onense, 1051,1047, 1050. 
niota, 1052,1047. 
nitidum. 1053. 
obsoletum, 1054,1047. 
pulchellum, 1045, 1046. 
retrorsum, 10.'>1, 962, 989, 1047, 1050. 
robbinsi, 1053,1047, 1054. 
rugosum, J 04:9. 
salteri, 1053. 
simile, 1047. 
subcrassum, 1051,1050. 
urubilicatum, 1047,1045-1050. 

var. canadense, 1048,1050. 
latum, 1048. 

Trochonematidm, 1043, 1044. 
Trochonemopsis, 1046, 1045. 

tricarinata, 1046. 
Trochus, 939, 930, 1043. 1047. 

astraliformis,939. 
cavus, 939. 
dalli, 939, 1047. 
fulminatus, 939, 1047. 
gothlandicus, 939. 
incisns, 939. 
Jamellosus, 939, 1047. 
Jundgreni, 939,1047. 
mollis, 939, 1047. 
profundus, 939. 
~tuxbergi, 939, 1047. 
wisbyensis, 939, 1047. 

Tropidiscus, 858. 
Tropi'dodiscus, 852, 912. 
Tryblidium, 824, 820, 822, 825-828. 

acuturn, 826. 
canadense, 828, 825, 829. 
conicum, 840, 825,826, 838, 841. 
erato, 826. 
exsertum, 842. 
indianense, 834. 
modestum, 826. 
ovale, 825. 
ovatum, 825. 
piliolum, 829, 826, 834. 
radiaturn, 827, 824. 
reticulatum, 824. 
un~uis, 821, 820*,824, 825. 
valida, 832. 

Turbinidm, 930, 939, 1043. 
Turbinites centrifugus, 1028. 
Turbo striatum, 1058. 
TurritelJa, ]021. 
Turritellidm, 947, 1021. 
Turritoma, 959. 
Turritospira, ]013. 
Ulrichia, 632, 650, G64, 667. 

marrii, 664. 
nicholsoni,664. 
umbonata, 659. 

UmJ)ilicus of Gastropuda, 815. 
Umbones, 478. 
Unionidm, 486. 
Univalvia, 817. 

Vaginoceras, 765, 778. 
Vanuxemia, 549, 486, 490, 534-536, 538, 539, 542 

544, 550, 557, 560, 561, 563. 
abrupta, 560, 498, 558. 
carclinata, 559. 
crassa, 553, 551. 
decipiens, 562, 539,544. 
dixonensis, 550,55], 552, 554. 

var. i nsueta, 551. 
gibrosa., 559, filiI. 
hayniana, 557, 479*, 549, 553, 555-562. 
inconstans, 550, 55], 554, 555. 
media, 553 
nan a, 558-560. 
niota, 560, 555, 56I. 
obtusifrons, 54, 551, 555,556. 
rotundata, 552, 551-554. 
sardesoni, 555. 
8uberecta, 553, 551, fi52. 
subrotunda, 559, 558. 
terminalis, 556, 534,557, 560. 
umbonata, 556,555. 
wortheni, 561. 

Vertumia, 48'>. 

Wactgenia, 919,. 
Waageniella, 914, 915. 
Warthia, 855, 856, 867. 868,915. 

brevisinuata, 856. 
lata, 856. 
polita, 855. 

Whiteavesia, 628. 
Whitella, 564, 478, 479,483,486,535,539,565-567, 

573-577. 
carinata, 568. 
compressa, 568, 570, 572. 
concentrica, 569, 570, 573. 
hindi, 535, 565, 568. 
megambona, 570, 535, 572. 
obliqua, 565, 568, 569, 574. 
ohioensis, 568, 570. 
plebeia, 535, fi65. 
prmcipta, 574, 569. 
quadrangularis, 566, 535. 
rugatina, 569, 573. 
scofieldi,571,569-573. 
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Triptoceras, 791, 793. 
hastatum, 793. 
lambi, 793,812. 
oweni, 792, 793,812. 
planoconvexum, 791, 793, 812. 
planodorsatum, 792, 793, 812. 
sp. ?, 793, 812. 

Trochidm, 9~10, 939, 1\)43, 1047. 
Trochonema, HJ45, 815, 939, 962, 989-991, 1043-

1047, 1052, 1053. 
altum, 1052. 
arctatum, 1054,1047. 
beachi, 104-8,1047. 
bellulum, 1050,962, 989,990, 1047, 1051. 
beloitense, 1048, 989, 1049. 
eccentricum, 1049, 1050,105l. 
fragile, 105Q, 1051. 
madi~onense, 1051,1047,1050. 
niota, 1052,1047. 
nitidum. 1053. 
obsoletum, 1054,1047. 
pulcbellum, 1045, 1046. 
retrorsum, lOin, 962, 989, 1047, 1050. 
robbinsi, 1053,1047,1054. 
rugosum, J 049. 
salteri, 1053. 
simile, 1047. 
subcrassum, 1051,1050. 
urubilicatum, 1047,1045-1050. 

var. canadense, 1048,1050. 
latum, 1048. 

Trocbonematidm, 1043, 1044. 
Trocbonemopsis, 1046, 1045. 

tricarinata, 1046. 
Trocbus, 939, 930, 1043, 1047. 

astraliformis, 939. 
cavus, 939. 
dalli, 939, 1047. 
fulminatus, 939, 1047. 
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profundus, 939. 
fltuxbergi. 939,1047. 
wisbyensis, 939,1047. 

Tropidiscus, 858. 
Tropi'dodisctlS, 852, 912. 
Tryblidium, 824, 820, 822, 825-828. 
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conicum, 840, 825,826, 838, 841. 
erato, 826. 
exsertum, 842. 
indianense, 834. 
modestuUl, 826. 
ova Ie, 825. 
ovatum, 825. 
piliohtm, 829, 826, 834. 
radiatum, 827,824. 
reticulatuin, 824. 
unll"uis, 821, 820*,824, 825. 
valida, 832. 

Turbinidm, 930, 939, 1043. 
Turbinites centrifugus, 1028. 
Turbo striatum, 1058. 
Turritella, 1021-
Turritellidm, 947, 1021. 
Turritoma, 95~. 
TUrritospira, 1013. 
Ulricbia, 632, 650, 664, 667. 

marrii,664. 
nicholsoni,664. 
umbonata, 659. 

UmJ)ilicus of Gastropoda, 815. 
Umbones, 478. 
Unionidm, 486. 
Univalvia, 817. 

Vaginoceras, 765, 778. 
Vanuxemia, 549, 486, 490, 534-536, 538, 539, 542 

544, 550, 557, 560, 561, 563. 
abrupta, 560, 498, 558. 
carclinata, 559. 
crassa, 553, 551. 
decipiens, 562, 539,544. 
dixonensis, 550,551, 552, 554. 

var. insueta, 551. 
gibhosa., 559, filiI. 
bayniana, 557,479*,549,553,555-562. 
inconstans, 550, 551, 554, 555. 
media, 553 
nan a, 558-560. 
niota, 560, 555, 561. 
obtusifrons, 54, 551, 555,556. 
rotundata, 552, 551-554. 
sardesoni, 555. 
suberecta, 553, 551, f,52. 
subrotunda, 559, 558. 
terminalis, 556, 534,557, 560. 
umbonata, 556,555. 
wortheni, 561. 

Vertmnia, 48';. 

W(wgenict,9U. 
Wcwgeniella, 914, 915. 
Wartbia, 855, 856, 867, 868,915. 

brevisinuata, 856. 
lata, 856. 
polita, 855. 

Wbiteavesia, 628. 
Wbitella, 564, 478, 479, 483, 486,535,539,565-567, 

573-577. 
carinata, 568. 
compressa, 568, 570, 572. 
concentrica, 569, 570, 573. 
hindi, 535, 565,568. 
megambona, 570, 535, 572. 
obliqua, 565, 568,569,574. 
ohioenBis, 568, 570. 
plebeia, 535, 065. 
praJcipta, 574, 569. 
quadrangularis, 566, 535. 
rugatina, 569, 573. 
scofieldi,. 571, 569-573. 
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sterlingensis, 561,535,566, 571. 
Imbcarinata, 572, 570, 575. 
subovata, 565. 
truncata, 552, 568. 
umbonata, 568, 565. 
ventricosa, 573, 535, 570, 574. 

Whorls of Gastropoda, 815. 
Worthenia, 952, 949. 961. 

tabulata, 950. 

Xestoleberis, _632. 

Yoldia, 486. 
Youngia, 632. 647. 

Zygobranchia, 845. 
Zygospira nicolleti,:615. 

uphami. 498. 
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