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ADDRESS. 

To W. W. FOLWELL, President of the University. 

D;EAR SIR:-The accompanying report gives a summary of the work of the 
Geological and Natural History Survey of the State during the year 1881, being 
the tenth annual report. In thus rounding a complete decade of consecutive an
nual reports on the Geology and Natural History of the State, I think, sir, that 
the University and the State may be congratulated on the success which has at
tended the enterprise, a large share of which is due directly to thl! wise provision'll 
~f the law by which the survey is carried on, as conceived by yourself in 1871. 

Respectfully suhmitted, 
N. H. WINCHELL, 

State Geologist and Curator of the General·Museum· 
T'~ Uni"M'.~ity of Minnesota, Minneapolis, December 31, 1881. 



REPORT. 

1. 

SUMMARY STATEMENT. 

The field work has hecn continued by ':\lr. "C"pham, aidcrl in .July and August by 
Mr. H. V. Winchell. The field of e.xamimltio·n has been the north-centra) and 
northwestern portions of the State. These counties are almost cntirely covered 
with a heavy sheet of drift, and necessarily, most of t.he recorded observations and 
investigations have related to the surface geology, and a large fund of valuable in
formation has becn added hy .Mr. Upham to the historical geology of the Quater
nary Age. That ancient body of inland water which in former reports has been 
styled Lake .A.gll88ie, has been found to have extended its highest shore line far to
ward the east, in the northern part of the State, probably including within its 
limits the present Red and Ramy lakes, and the Lake of the Woods, giving the 
well known topographic features of the Hed l~iver Valley, to a p1Uch larger extcnt 
of territory in Minne.,ota than: had formerly been supposed, even quadrupling the 
known area pertaining to the valley a.; lwretofore limited. Not only is this a valu
able accession to the known agricultural capahilities of Minnesota, hut the results 
attained in other directions, are elJ.ually ,valuable to science. The heach Jines of 
Lake Agassiz have been sulJjected to a careful inspection over a distance north and 
south of about one hundred ·and seventy-nvc miles, resulting in the discovery of 
some peculiarities which have a direct bearing on their formation and history, and 
aid in filling out an ohscure chapter in the geology of the Ice Age Some of 
these peculiarities may lJe mentioned brietly . 
• The lake had three stationary periods,forming three beaches. They all ascend 
above a given datum level toward the north, the rate increasing in going toward 
the, north. The highest beach line ascends ono hundred and twent.y-five fcct in 
a,bout one hundred and fifty miles, the beach lJeing one continuous shore line. The 
northern portion of the lake fell at intervals from this high beaeh-line, forming 
lower beaches succllssively at ahout cight, fifteen, thirty, and forty fef't, while the 
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water level iu 1 he extreme southern part stood nearly stationary, the northern frac
tional beaches convcrging into onc toward \.JIG southern extremity of the lake. The 
next distiuct 1,each found in tlie Routherl1 part of the region ascends toward the north 
seventy fp.et in Due hundred and fifty miles. The surface of-the lake had now fallen 
thirty feel iu Trav(,l'Be and Graut counties, fifty feet in northern Clay county, and 
niuety feet northwest of Maple lake. The fall of the lake had therefore been sixty 
feet more at the northern than at the sontllcrn end. Double and multiple ridges 
occur aloug the northern half of this distanee. The third beach-line, formed wllen 
t.he outlet had IJecn excavated to tIle level of Lake Traverse, is known along a dis
tance of one llUndl'cd and thirty-five mile~, aud its northward ascent was at first 
flfty fc('t and and afterward only alJOut twenty-five feet. Toward tIle northern ex
tent of this lJcach are also additional lower lH:,aches, indicating a halting descent of 
the water level. The fall of Lnke Agassir, from the lliAlwst. headl level to the 
third, at Lake Traverse, was about eighty feet, and in th(' vidnity of Maple Lake 
({';l'o hundred and sixty-five feet. But. the rate of ascent of this thinl heach-line is 
less ill tlw northeru portion than toward the south. Thf'se phenomena seem in
(:onsistent. with t.hat hypothesis wllich supposes an elevation of northern land as a 
11~rri(>r to contnin this vast inlanrl lake, inasmueh as thesr, beaches would have to 
present a slope in t.he opposite (lirection in order to e:hange tIl!'. outlet from Lake 
Traverse to Hudson's Bay. The same kinds of lJeaches appear about the southern 
shores of Lake Erie and Michigan, and have oftem heen refened to in geological 
reports. They have heen ascrillce] to the operation of the glacial period in the 
epoch of its decline, when the ice still existe<l toward the north as a hanier to pre
vent northern drainage. The same ol,struction must have existed in t.he Red River 
Valley, and in the opinion of Mr. Upllam, its attraction was sufficient to move the 
mass of the water toward itself and to eaURe an asc:ending shore line in that direc
t.ion. Any such barrier, operating inversely as the ~CJuares of its distance from dif
ferent parts of the lake, would thus cause a more rapid a~cent in those portions of 
the shore line neal' it than in those more remote. 

Lak(' Agassiz, prnllahly ('overe(] Red Lake uncleI' fifty or one hundred f~t of 
wfttcr nhove it~ present. Ie'vel, Lake of the Woods undcr allout two hundrcd feet, 
t.he TIN'! River Vallc~' at. St. Vinr:ent, four hundred and fifty feet, and Lake Win
nip<'g, allont six hundred feet. It i~ supposed to have (,xtemded east. as far as the 
en~1 el1(1 of Hainy Lake, hut no definite statements can lJe made yet concerning the 
northern slope of the Stat.e het.ween TIed Lake and Vermilion Lake. 

The <liHtrilmtion and charaetcl's of t.he crystalline rocks in t.hc eentral portion of 
t.he AI ate, illclnding the connties of Stearns, SherllUl'llc, Benton, Morrison, Mille 
Laes, Knnallcc, Aitkin and Tode], anr] port.ions of Carlton and Pine, have also heen 
asc(']'tnined hy Mr. eplulln. 

'I'll(' failing health of Ml·. C. M. Teny, rendered it necessary for him to suspend 
ar-tiv(, work allOut the middle of ~ray, A trip t.o Florida afforded him no relief, 
still he was preparing to resume work on the survey in t.llC latter part of summer, 
when he was taken worse and he dicrl. • 

His cOlltrihution t.o the last report. of progress, pertaining to the Hydrology of 
the Statl', SIIOWS the carefulnesR and the scope of his work. HiR perseverance and 
inclustry wl're I'emal'kalllc, and the amount he accomplished, with his feelJle health, 
waR a RUl'pl'ise to tbose who kncw the ohRtndeR under which he lahored. He has 
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left ~ome maps, notes, and incomplete manuscript, whieh will he made to contri
i)Ute in his name, to the completion of the subject to which they pertain. I can. 
not forbear at this place, giving testimony to his uniformly, cheerful disposition 
.:and urbane personal hearing, hlR high integrity, hi8 zeal and industry, and hi., 
truly seientific methods of work and thought. Having spent some years in the 
.christian ministry, one of the most instructivu facts of his brief lalJors for the sur
vey, is the ease and quickness with which he tUl'llcd himself to purely scicntifie 
:pursuits. He began with carcfullaboratory work, requiring patient mechanical 
manipUlation, and he suce-eeded from tIl(' outset.. vVhatevcr he undertook, he 
knew how t.o accomplish at onee. I-laving a trained mimi, It wa., no task for him 
to apply it vigorously and persistently, in a new til'lcl of labor. A general Rugges
tion, 01' an intimation aH to the direction to be given to his lal,or, was all that was 
necessary. Had he been ahle to finish the work that he had ill hand, one of tIle 
'most llseful, thorough and instructive chapters of t.he tinal report of tllc snrvey 
would have heen writt.en hy him. 

Mr. C. L. Herrick continner] to work ill the lal)())'atnry of the surve~' '1m] in the 
Museum, till tile first of ,July. He sailed for Europe in ~eptem)lcr, anet is studying 
1n Leipzig. A contribution of hi., to the snrvey reports has )lcell under way ever 
·since the publication of his paper on lrIicro8copic Entomo8traca in the seventh annual 
;report. 

My personal lallor has lieen given t.o the preparation of chapters for the TInalrc
port, whieh, with the prosecution of the building-stone investigation, t.he office 
.and executive duties, and the ('onduet of the last n.nnual report through the press, 
have occupied my whole time. It has been necessary to visit mo.st of the quarry
ing localities in order to obtain samples of ~uitable size for use in the examination 
()f the huilding-stones of the State. At the same time the quarrying statistics of 
the Statc were furnished the U. S. census for 1880, and additional samples were 
forwarded to Washington to be subjected to n. careful analytical examination I,)" 
the governmcnt, cnlculatetl to furthcr eJucidate the nature of the rocks of :lfinne
-sota. 

In the Museum report will lJe seen the recorded adtli tions to the collectioJ18, and 
their sources. No important purchases or changes have hecnmade either in the 
material of the collections 01' arrangements of thc ]\'[useum rooms. There will be 
no occasion to make important changes before the erection of the new huilding for 
the use of the Mllseum, which has been ordered IJY the State legislature. Indeed, 
it would be poor policy to layout much more expense on the old rooms. In the 
new building it is expected I,etter accommodations will he afforded not only for the 

.exhibition of the specimens, but also for the handling and examination of the 
various classes of rocks. The thanks of the University are due to Col. ,J. B. Clough, 
for fossil specimens of extinct vertehrat.es from Montana, and for Indian imple
ments, for the General Museum, and for other specimens, and to O. E. Garrison, for 
procuring samples of water from Mille Lacs; and to Dr. -- Miller, of the Little 
Missouri Cantonment, for a collection of fossil leaves from that locality. 

The survey is also under obligations to Prof. A. H. Chester, of Hamilton College, 
N. Y., for a report on the geology of the iron region east of Vermilion Lake, based 
<on observations made by him during two seasons spent in that part of the State ex
prori ng for iron in the interests of non-resident capitalists. The report of the 
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survey for the year 1878 called attention to the existence of hon ore in the northern 
part of the State in large quantities, and to the fact that parties interested in iron 
from eastern States have made costly surveys and examinations, attesting the value 
of these deposits by field exploration, ana by laboratory assay. Since then others 
have become interested in the same way, and it is not premature to predict that 
the iron ore of Minnesota will, not many years hence, be largely wrought, and 
yield to the State a revenue which will be commensurate with the extent of the 
deposits and the import'1nce of such industry. It would be well if the capatalists 
of Minnesota would look after this matter, anrl hy concerted action, retain within 
the State as much as possible of the profits of such development of these ores. The 
blast furnace which is now in operation at Duluth, using ores from Marquette, 
should l,e supplied from Minnesota, and )Iinnesota railroad companies should see 
to it that these ores are made accessible. Our iron ores are the farthest west of all 
the Lake Superior deposits, and heing in the midst of timbered lands are situated 
favorably for reduction by charcoal; while the great region west and northwest' 
destitute of the rocks producing these ores, will always have to depend on us for 
iron and its products in the same manner as for lumber. Eastern iron deposits and 
eastern furnaces should not be allowed to find it profitable to send their products 
past our doors when we have every requisite and everr facility for producing the 
same. It would be a thing highly creditai>leto the Hegents and to the Gniversity, 
to be directly instrumental in developing this great industry, and I hope that gen~ 
eral attention may be called to its feasibility. 

I wish to call your attention again to the destruction of the forests by fire in the 
northern portions of the State, and to refer you to represen tatiollR made in the 
report for 1878, (p. 24) and again in the report for 187!l, (p. 134). The Legislature 
should ])e asked to enact the necessary laws, with penalties, to preserve the forests, 
and espeCIally the pine forests, from destrnction. Thes!' fires firc not occasional, 
but seem to he habitual. No country in the world, claiming to be a civilized and 
enlightened commonwealth, should permit such wanton destruction of the public"· 
rlomain for one moment when once informed of it, and it would not be possible 
were it not for the sparseness of the inhalJitants, and tIll' indifference to the pub~ 
lie interests too often exhibited IJY repuhlican Legisla.tures. It would l,e well if 
elJ-operation could be had with the Canadian government in any effort to suppress 
these fires, since they originate on hath sides of the international boundary. The 
The University pine lands, on the :-;t. L()ui.~ ·river, arc anllually in danger ~f being 
c1evn~tated. 
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11. 

PRELIMINARY LIST OF ROCKS 

. COLLECTED BY N. H. WINCHELL IN 1879-cONTINUED ll'ROM THE LAST 
REPORT. 

FHOM FOND DV LAC TO KNIFE FALLS. 

443. The red sand rock at Fond du Lac. This dips K S. E., or S. 
K, about ten degrees. 

44:3.A.. Quartz pebbles from No. 443 . 
. 444. About the center of S. W. i, sec. 6, 48, 15. Here a bed of 

dark-red shale strikes across the bluff. This is about eighteen feet. 
thick, and has thin beds of sandstone occasionally, much as the lime
BLone is embraced in the shales of the Hudson river form<J.tion. This 
. shale has spots that are greenish. Pieces of the same color (and also. 
red) are sometimes seen in the midst of the massive sand rock (443) 
which, on weathering out, (where quarried,) give the rock a loosely 
porous and (apparently) conglomeritic structure. There are belts and 
thin strips, parallel with the bedding,. that are conglomeritic with 
white, or glassy (not milky,) water-worn quartz pebbles, that are some
times larger than hen's eggs, but the great mass of the whole is a 
homogeneous sandrock. They are sometimes more shaly, and also on 
separating "ome of the thin layers, they even show micaceous inter
lamminations. The general color is a dark red-brown, like the brown 
sand rock of the "brown fronts," but it has layers that are of the 
ordinary light-colored sand rock. This light color is sometimes dissem
inated thTough the red in rouud spots or specks, Or is clouded and mot
tled in it over considerable areas. Sometimes a solitary quartz pebble, 
as large as a walnut, is seen in the otherwise homogeneous brown sand 
rock; and occasionally one is as large as a man's fist. 

Below the above-mentioned bed of dark-brown or red shale, the rock 
is altogether less firm and siliceous than it is above, or to the east. 
After a thickness of about twelve feet of rock, somewhat like the rock 
overlying, another bed of shale, or' shaly rock, is met with, whose 
extent cannot be defined, as it seems to alternate with thin bands of 
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shaly sand rock confusedly, the latter having cress-stratification, until 
finally the whole formation, so far as seen in the bluff, almost deserves 
to be styled a shale. It resembles the red shaly sand rock of Good 
Harbor Bay, near Grand Marais. It Rometimes weathers out in slates, 
(less than one-fourth inch thick) which are flexible, and red like the 
rest, but rather fragill" It has belts of green shale running parallel 
with the hedding. There is a thickness of about thirty feet of this 
shale visible along the river by the railroad, 'before it is hid again by 
trees and talus. It becomes all shale. The apparent horizontality is 
due to a change of direction in the bluff. Some of it is quite siliceous, 
but in very thin sheets. The brick-red color is sprinkled with light 
spots; and there are belts, three or four inches thick, of a light bluish
green color. The green color, indeed, seems to be the original color, 
and prevails largely on tearing down a lot of the layers. Although 
following the layering in belts, or elongated with the bedding, yet 
these light-green spots are also globular, or oblate spheres passing 
through several sheets of the thin shale, which shows no change but 
that of color. . 

At the high bridge, "No.1," which is over a little creek at center 
Df sec. 1, 48, 16, the formation shows about the same dip, but is more 
nearly a sandrock again, but still with alternating layers of slaty sand
rock, (often with cross-bedding,) and red aluminous shale in thin lay'
ers; but where the creek joins the river there is a bed of about three 
and one half feet of red, crumbling, conglomerate. This lies below 
the shale last mentioned, and has below it an exposure of about six 
inches of cross-bedded sandrock. Thus, inlascending the creek, the 
layering is as follows, No. 1 being the lowest: 

1. Cross- hedded sandrock, next the water ..... ' ..................... . 
2. Crumbling conglomerate, rather fine ...................... . .... . 
:3. Shale, with layers of six and eight inches of ,balY sandrock with' 

cross-bedding ................ : ................. " ............... . 
4. Shale.. . ......................... , ........................ . 
ri. Sandrock . . . . . . . . . . .. . ....................................... . 
6. Like No.3 ...... " . .. .. .... .... .... . .... . ........ . ........... . 

Ii 1Il. 
3~ ft. 

4 ft. 
18 in. 

g ft. 
12 ft. 

Total. . .. . . . . . . . . .. ·················.··: .................... 29 ft. 6 in. 

The above section is all on the lower side of a fault, i. e., on the 
river side, and on the left bank of the creek. Above the fault which , 
is hid on the opposite side of the creek, the visible section consists of 
the following: 

1. Crumbling conglomerate, rather fine.... .... 3~ ft. 
2. Shaly sandrock, with helts of greenish, shal~··s·a·I~(i~~~k ·~~~·i ~f'~h~i~:: 10 ft. 

Total .........•........................................... 13~ ft. 
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It seems as if the conglomerate had passed up to the upper level, a 
distance of about fourteen feet, but there are fract.med and curved 
heds at the fault, inuicating a subst''lnent settling again of ahout six 
inches, after the fault had closeu up. 

446. Black roofing slate, near the section line, hetween 30 and 31, 
in town 49, 15, in the bottom of a branch of Mission creek, very incon
spicuous exposure, covered in high wat,er. The slaty cleavage strikes 
across the creek east and west. 

447. Nearly on the town line, next south, helow the two forks from 
the northwest, in the bottom of Mission creek. This is a light0r col
ored slate than the last, but related to it closely. It strikes in the same 
direction and rises about, four feet in the right hank of the creek. 

448. Crumbling, red conglomerate, from the tilted beds of the St. 
Louis, at a point near the bridge (" No.1,") over the creek mentioned, 
but lower in the formation than the three and a half foot bed. This 
bed is fifteen feet thick, shows a strong dip, and is underlain, in ascend
ing the creek, hy two feet of shaly sandRtone, and then hy fifteen feet 
of shale not well exposed. Under that, still higher up the creek, may 
be seen six feet of red conglomerate deseending below the turf, and 
extending along the hank so aR to make, wit,h the dip constant, about 
fifty feet. 

449. Below t,he last appears this numher, which is a hard pyriti
ferous, pebbly conglomerate, consisting largely of quartz pebbles. This 
is seen on S. W. i of N. E. t Sec. 1, T. 4:8, 16. It dips with the red 
beds, about 10° E. of S., by compass. Some of the l)ebhles are two or 
three inches across. The pebbles are mainly of milky quartz. Some 
are translucent. SOllle are black or gray. In some places nearly one
half of the gravel is of the underlying slate formation. Just above 
the junction of the two creeks there is a blind vein of calcite ahout 
two inches thick, running north and south in t.his conglomerate. The 
conglomerate extends a few rods along the creek, both branches, and 
before it disappears, >yhich it does by rising in an incline along the 
1eft bank in accordance with the dip, it shows about eight feet of bed
ding; and within the distance of about two rods the Thomson slate 
formation appears in the bed of the creek, and soon form a consider
a~le exposure along the bank. The s1ates stand nearly perpendicular 
as the weathering separates the cleavage planes, and they strike east 
and west, as at Thomson. But it seems as If the conglomerate lies 
lower where it is last seen in·the bed of the creek, than the slate when it 
,:first appears, and so low that even with the dip, which would of course 
tend to throw it higher in ascending the creek, it could not get over 
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the slate. Hence it is probable that the conglomerate lies in depres
sions in the slate surface, and is thicker in some places than in others. 
At this plaee the contact is not visible, but there cannot be much 
between the points seen on each side. So that, as already stated, there 
is too mueh conglomerate to fill the unseen interval. This conglom
erate appears conspicuously on the St. Louis, S. E. t Sec. 2, T. 48, 16. 
(For a complete section of the red sandrock beds, see after No. 510). 

45U. Samples of the Thomson slate, from the river bank, S. E.-t 
Sec. 2, T. 48, 16, underlying the conglomerate, No. -4:-4:9. 

451. Samples of the same showing, the slaty cleavage transverse to 
t.he bedding. The dip of the slate beds is to the S. W., amounting to 
about four degrees, the conglomerate being unconformable. 

452. Slate pencils, formed naturally by the intersection of diffier
ent divisional l-'Ialle~. having a rhomboidal section. The overlying 
coar~e, gray conglomerate, seems to have a thickneess of about 11)0 
feet. Above that is a considerable red, finer conglomerate, perhaps 
fifty feet. 

453. Slate from the lower falls of the St. Louis river, S. E. t Sec. 
10, T. 48, 16. 

454. Near the foot of the falls, on the left bank, are several' 'veins," 
or folia of' white quartz, parallel with the slates, some of which are 
foUl' to six inches in thickness. They are all in an interval of about, 
three feet, with folia of slate between. 

455. Slate embraced between and contiguous to the white quartz. 
456. Harsh, arenaceous, gray, firm beds, two to three feet thick, 

embraced in the slate at the lower falls, having no slatiness. 
457. Slate; average sample for the rock of the lower falls. 
The cause of the lower falls is the occurrence of a dyke of igneous 

rock whit:h crosses the falls near their briuk, hardening the layers of the 
formatiun. The fall:;.; cross the river stragglingly about east and west in 
conformity with the strike of' the formation, and descend about twen
ty-twu feet in the distance of about six rods, but the water is rapidly 
deseending in other short. cascades fur a quarter of a mile above the 
falls. Also below the falls it continues as a rapid to the ioot of the 
islands, descending about fifteen feet more. The dip, which is taken 
to be the general incline of the heavy beds toward the S. E., is 63°, 
but then' is a multiplicity of folia, joints and seams, and sediment.ary 
planes, that all confuse the question of the dip. This measurement 
was made near t.he dyke, and on the east side of the river, 

458. Hardened slate formation, contiguous to the dyke at the lower 
falls. The slate here has a coarsely basaltic structure along the east 
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side of the dyke. The columns run E., S. E. and dip aliout thirty 
degrees from the horizon. 

459. The doleryte dyke at the lower falls, by compass, runs N. N. 
E. and is at least twenty feet wide. It may be twenty-five feet, hut the 
high stage of water prevented a full view of its western extent. This 
has so hardened the slates that they are more durable under the action 
of the river than the dyke itself. 

460. Above the fa,lls, nearly opposite Island No. 15, (the islands 
being numbered up stream,) two other dykes are seen on the east shore, 
the rock being of the sanw kind as the large dyke (45~), hut finer 
grained. One seems to be about eight feet and the other about ten 
feet wide. 

461. Sample from the eight-foot dyke. 
Above the lower falls, along the east side of the next island, the 

rock stands up in the channel as very rough islands, the water descend
ing about twelve feet near the lower end, and about Dme feet near the 
upper end of the island. The fall near the upper end of the Island 
No.5, is due to the occurrence of a rather soft and fissile layer of the 
slate immediatply below (i. e., down stream,) a harder part, the softer 
part having been torn out faster than the rest. At the large rock 
island, east of the upper end of Island No.5, the dip of the formation 
is 27° S. E. 

There may be other dykes, not visible on account of their crossing 
the river under water entirely and entering the hanks where they are 
hid by drift-wood or by standing trees and bushes. The dyke rock 
wears away faster than the formation that they cut. 

The rapids below all the islands (on Sec. 15,) are over boulders. 
These rapids continue on between the islands to the foot of the fall 
which is on Sec 10, at the head of Island No.3, the island itself cut
ting the fall into two parts, the greater part running to the east of the 
island. Six or eight rods below the foot of the fall begins the second 
island. Island No.1 begins still further down stream and is cut by 
the section lill,e between 10 and 15. This last is a very small island, 
having but three large pine trees, (though several small ones,) and 
seems to consist of boulders, and rises but two or three feet above the 
water. Island No.2 rises twenty feet above the river, and is wholly 
covered with pine, with a few birches and cedars. A high drift-bluff, 
(227 feet,) causes the current here to turn rapidly toward the southwest, 
uniting with that which passes down the west side of the west island. 
Just above Island No. 6* is the wildest and most tumultuous portion 

"The islands number ij instead of 5. They are wrongly represented on the town.hiplp lat8. There.re 
also a number of rock islands. 
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of the river, where it comes nearly along the strike of the slate. The de
scent here, in about a quarter of a mile, must be about forty feet. There 
is no regular fall, but a rushing and foaming torrent, dashing from side, 
to side of the channel, eut and parted by the jag5ed protrusions of the 
highly dipping slate, which by its variations of hardness forms troughs 
that alternate with sharp and angular ridges. The dip of the slate, 
which sometimes rises in the middle of the river twelve or eighteen 
feet, and is very conspicuously disposed, yaries from thirty to forty
eight degrees to the S. and the S. S. E. The former dip is to the S. 
and the latter to the S. S. E., the slaty eleavage being nearly perpen
dicul~r all the time. The grancL bedding of the slate is in thicknesses 
of fifteen to twenty-foul' inches, but there is also a thinner bedding 
which is in layers of a few inches. Perhaps t.he heavier beds would 
show a finer bedding if favorably weathered. 

The roar of this river here is greater than that of St. Ant.hony Falls, 
and it seems equal to that of Niagara. [t. is continued over so long a 
distance that the multitudinous dashing seems to make as much atmos
pheric commotion as the single plunge of a large stream at. Niagara, 
and to be comparable to the roar of an extended beach-line. It can 
be heard for sveral miles, and is like t.he rumble of a heavy freight 
train on the railroad, for which it is apt to be mistaken at first, as it 
comes with the changing currents of wind or is echoed on the bluffs. 

462. Fine-grained dyke-rock, from a dyke crossing the river at the 
mouth of the creek coming from the north on S. W. t Sec. 10. It is 
above the foregoing rough and jagged portion of the river channel, 
visible only on the shore. It is less durable than the hardened slate. 
It is about thirty feet wide. 

463. Itock similar to the last, from a dyke eight feet wide running 
N., about 15° E.. on N. E. t of the S. E. t Sec. H, T. 48, 16, crossing 
the river. 

-!64. From a dyke crossing the river ct short distance above the last 
in the same direction, but thirty feet wide. 

About thirty feet above the last appears to be another narrow dyke 
about six feet wide, but no certain pieces in place can he seen on the 
-north bank. It shows as a gorge in t.he slate on the south bank. It 
is situated about ten rods below the small island in the river seen on 
the S. E. t of Sec. 9, and about five rods above is another of the same 
uncertain character. 

At the island on the S. E. i of Sec. 9, T. 48, 16, the river is very 
rough as it separates and plunges among the rocks. The strike of.the 
slate is nearly in the direction of the river. The island itself is made 
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of a knob of hardened slate, with a few trees, and the beds that have 
a strike on each sIde of it stand up in the channel like inverted plows, 
and cause the waler to twirl along on one side for a few rods or feet 
when it leaps over, or rises and falls over like the turf on the coulter 7 

and runs into another trough from which it escapes in the same way. 
This takes place on each side of the island, but is particularly inter
esting and beautiful near the head of the island on the north side. 
Below the island, in the main channel, it then repeats this operation 
as it makes its way through other troughs. Generally the whole river 
is divided into several such troughs, but in a few places it is all 
embraced in one ,rapid chute about twenty-five feet in width; along 
the sides of which there is a boiling return current up stream, as the 
central current plunges and foams downward. I think there is noth
thing in .the State that surpasses several of the scenes along thifl. 
river. Norwood says the upper falls are indescribably beautiful, but I 
do not see how they can exceed these. Above this for half or three
quarters of a mile the river is more tame, but still constantly rapid, 
and impassable even for canoes, with frequent ridges of slate along 
shore and in the channel. 

Just at the head of the island, and on the south shore, is an inter
esting irregularity in the layers of the slate. They first appear horri
zontal,' or rise gently from the water to horizont,ality. Then they 
bend downward, and even dip slightly northward, toward the river; 
then are suddenly deflected upward, but return to horizont:tlity, when 
they again begin to dip into the river. This apparent change of dip is 
to a large extent only apparent. The beds still really dip south, the 
appearance being due to undulations of the strata, as viewed against 
the strike, combined with a jointage which breaks off so as to leave 
smooth planes sloping northward. 

465. The slate formation from the railroad cut, N. W. 1 S. w. t 
Sec. 9, 1'. 48, 16. Tough gray, finn rock, hardly showing any ten
dency to slaty cleavage, finely arenaceous. 

466. Siliceous slate, quartzyte, from the falls, center of Sec. 8,48,16. 
Near the center of Sec. 8, is another fall of twenty-two feet, the 

river coming directly across the slate range from the N. W., the slate 
striking E. and W. The beds here dip 33tO toward the S. S. W., 
swinging l;onnd to the S S.E., and being then in a dip of 39 to 43". This 
highest dip is seen at the narrows, where the water crosses the strike of 
:l~~ heavy beds. At these falls the rock appears less slaty than usual, 
7:::,),'gh Qccasional similar layers of more siliceous rock OCCllr mingled 
\~ ~:'~I the slates at points lower down the dalles. Here are heay;}" sili-
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ceouli! layers that require for the formation rather the designation of a 
quartzyte than a slate. Yet it is siaty, and breaks with the cleavage 
easier than against it. The rock here is also accompanied with depos
its of white quartz, which is lika that seen at Little Falls, and cracks 
up like that. The quartz deposits are seen to be rather veins than 
foliations, though they follow nearly the direction of the slaty 
,cleavage, 

The strike of the slate hills in sections 9 to 4, (48, 16,) is east, 10° 
north, and the dip is from 46t to 60° toward the south, and the slaty 
.cleavage runs almost east and west. 

467. Rock of the dyke at Thomson bridge. 
468. Rock adjoining the dyke at Thomson bridge. 
The river at the railroad bridge over the St. Louis is running in the 

.course of a dyke of igneous rock, about twenty-five feet wide. This, 
being more jointed, and at the same time more easily rotted and disinte
grated, has caused the gorge through which the river passes under the 
bridge. The walls on either side being of hardened quartzitic slate, 
are much more durable. This dyke is visible in the bluff facing the 
bridge down stream, and the rock is coarse and gray, but it is nearly 
hid by its own tumbling debris, while the slates stand up firm from 
·sixty to seventy feet above the river. The dyke has a direction N. N. 
E., but is some crooked. 

There is an island, also of hardened slate and quartzyte, in the river, 
visible from the bridge. This is due to the existence of another frac
ture in the formation which runs southwardly nearly to the bridge 
when it unites with the larger dyke; but just as it meets the 
larger dyke, the intervening slates were so finely, and so entirely met
amorphosed, that the hardened mass has formed still another island 
(in very high water,) on which a pier of the foot-bridge rests. There 
is no evidence of this second smaller dyke except the gorge and the 
hardened slate walls. This gorge that forms, with the larger gorge, 
the two islands, continues northward a short distance in the north 
hank of the stream, but there is so much fallen drift and quartzyte in 
it that no igneous rock can be seen. The dip ofthe formation is 46to. 
Half a mile northeast is a large dyke, sixty feet wide, which comes to 
the river between Thomson and the railroad bridge. It runs at an 
angle of forty-six degrees with the strike of the slate and quartzyte 
hills, but it is much more easily destroyed than they. 

469. From near Miller's Mill, north of Thomson, a quarter of a 
mile. This is from a bed of harder, non-slaty, gray quartzyte, belong
ing to the formation. It weathers nearly white from feldspathic 
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ingredients, and from the abundant quartz, so as to look much like the 
trachytes of the western territories, but withi~l is much darker. This 
bed is eleven feet thick, and in some places is conglomeritic. It has 
slaty layers on each side of it. It is massive, hut parted hy seams of 
white quartz, some of which are four inches thick. These seams 
wedge out lenticularly, and diagonally across the bpds. The same sort 
of quartz veins are in other parts of the fOflllation. Indeed, white 
quartz deposits are quite frequent in all kinchl .of seams or joints, or 
cleavage openings. The feldspar of this rock is triclinic and the ridge 
is /rwlted, the east side heing moved south ahout twelve feet. (V. 
Nos. 310, anc1418, and 505). 

470. Slate, quarried for roofing, near Miller's lYIill. This is black 
. and of even, fine grain. 

471. Slate like the last, from another old quarry. 
472. White quartz, from a heavy deposit, forty rods above the rail

road bridge, where the county road crosses the river, in the right hank. 
It is emhraced in the slate, and its manner of occurrence is exposed 
on the side toward the river. It coincides in direction with the slaty 
cleavage. N ear the top, the deposit is nearly ten feet thick, N. and S. 
but standing vertic81 it runs hut little distance downward. It can be 
seen to run out, almost entirely, about, twelve feet below the top, 
something like the roots of a tooth running into the jaw helow the 
crown. It is not coincident with the bedding, nor with any system of 
joints, hut stands perpendicular. It extends E. and W. conspicuously 
about ten rods. It is crossed by a narrow dyke, and it is faintly ex
hihited on the wall of a slate-ridge further west, and at a level twenty
five feet higher. Along the river channel where the water sweeps it, 
one large root runs helo;w the water with a width of nearly two feet, 
and also another of six inches, but the greater part of it pinches out 
within ten feet of the top. At the place of deposit of this quartz there 
seems to have heen an anticlinal locally formed in the slate formation, 
and the opening produced by the upheaved fracturing was afterward 
TIlled by quartz, some of it also collecting in other opfll1ings, the whole 
standing in nearly a vertical position~ All about here is evidence 
of much displacement and crumpling, but rarely ;s there seen so evi
dent a dip toward the north. The quartz is milky white, and mainly 
massive, hut sometime, showi'< a spliutery cleavage in the direction of 
the slates. It is jointed, and disintegrates by falling out in blocks 
which are distributed down the river, and once probably furnished 
stones for the quartz conglomerate:(N o. 449.) As to minerals, this 
quartz contains galenite, pyrite and siderite. 

2 
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473. Pyritiferous gray quartzyte (1); from the ridge along which 
the large quartz vein (472) is visible. The pyrite is scattered in per
fect cubes, sometimes three-fourth inches across, and occasionally an 
inch, through the rock. The most of the cubes are about the size of 
peas. The rock is like No. 469, but finer, and has siderite as well as 
pyrite disseminated finely through the whole, the former becoming oxi
dized at the surface. 

In some of the quartz veins which cross the strike diagonally, par
ticularly in rock 469, and 473, which veins die out and are replaced by 
others a little further to the right or left, lenticularly, the white quartz 
has been illtercrystalized with siderite, which on weathering changes 
to hffimat.ite, and then washes out if wholly free to the air, leaving Ii 
gashed appearance among the q.:artz crystals when exposed. On deep 
fracture, when not thus exposed, the siderite is preserved-and in 
other places can be seen passing into hffimatite. 

474. Dyke rock, near the Northern Pacific Junction. This dyke is 
thirty feet wide. The average dip of the slate formation in S. W. t 
Sec. 6, T. 48, 16, is 57 deg. to the S. 5 deg. E. West of dyke rock, 
No. 474, which is a little east of Paine's saw mill, are other dykes, par
allel to 474, one being stillllearer the mill, on the east side, and one 
west of the mill. They all run about N. 5 deg. E. (compass), with a 
slight variation a little east or west of that, and they all consist essen
tially of the same kind of rock-a greenish gray doleryte. In both re
spects they are like those seen crossing the river below Thomson. 

475. Doleryte from the most westerly of the above mentioned 
dykes-one of the triclinic feldspars appears porphyriticaUy in this, 
wi:ich is not common in the rock of these dykes. 

Up Otter Creek, two or three miles west of the Junction, there is 
said to be a large exposure of rock, like that at the Junction. It seems 
then to continue on to Moose lake, where it is again seen thirty miles 
south of the Junction, and causes a rough and more elevated tract of 
country. On the road to Twin lakes, about a mile south of the Junc-
tion, there are three or four ridgeH of slate. 

North ward from the Junction, along the Knife Falls railroad, a num-
bel' of cuts in the rock display its character and position. Cut No_ 1 
is about three-fourths mile from the .Junction and is in slate that dips 
south at about the usual angle. There is a little ridge further north, 
and on the west side, that has a much higher dip to the south-about 
seventy-five degrees. Cut No.2, which is nearly a mile further north 
is in a hard, gray, massive quartzyte, which has joints running in 
various directionR, and ShOWR no dip, but in a small slate outcrop along' 
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its northern side there is sign of' sedimentation dipping about 45 deg. 
S. (as usual.) The same dip can be seen in a parallel slate range on 
the west of the road nearly opposite this cut. This quartzyte range is 
high, long and conspicuous toward the east, but to the west it soon 
ceases. The slate ril.nge on th~ west also is short, and the surface set
tles down to a valley in which there is a stream, with a high 
timbered plateau on the north side. 

Cut No.3, about two miles north of the .J unction, is near this high 
land, but the road bends east at the cut 80 as not to go directly toward 
it. (~ee No. 505.) North and west of' the .J unction are numerous 
slate ridges which are not struck by the railroad. 

T:.e river below Thomson is filled ,.ith rapids and falls all the way 
to "Bridge No.5." There are four spots, in particular, where there 
is valuable water power: -first, near bridge No.5, where the river in 
a short space is di \'ided into various channels,.by six islands that occur 
between its banks. Three of these islands are above the fall and three 
are below, but there is also a considerable fall above island No.3 
(numbering from below) extending to near the head of island N o. ()~ 
This whole fall is fifty-five feet. The existence of the islands and the 
widening of the river, as well as the extent through which the fall is 
carried before it reaches rather quiet water again, are favorable for the 
improvement of this power, and i:s utilization. But a short distance 
ahove the head of island No.6, is the second fall, where the river is 
narrow, hut has the rock formation of the country in conspicuous 
strike along each bank confining the water like artificial dykes, within 
troughs which run somewhat obliquely across the course of the river, 
and rising in knobs and rough islands (with constant dip toward the 
S. E.) in the midst of the river itself, sometimes eighteen or twenty 
feet. This condition of the river extends from near the head of island 
No.6 to the dyke (No. 462 above), which is near the mouth of the 
creek that crosses the railroad on the N. W. ± of Sec. 10, and the fall 
here, which may he called cascade No.2, amouuts to sixty-five feet. 
There is then a gradual ascent of twenty·five feet among the rocks to 
the foot of the fall at island No.7, and of' tWf'nty-five feet more in get
ting round the island itself, where the river is divided and beautified 
by the disposition of the slate ranges as already described under No. 
464. This is cascade No.3. Above this the river is more steady in 
descent for one-half mile, when there is a widening of the chaIlllel 
near the mouth of a little creek from the north, and a full of about six 
feet over one of the harder heds that protrudeI'; above the rest. This 
goes diagonaliy across the stream. There iH then a similarity ill the 
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stream to and beyond the' 'retaining wall" of the railroad, a distance 
of nearly a mlle, through which there is actually a steady ascent, 
amounting in the aggregate, from the head of cascade No.3 to the foot 
of the Thomson Fall, to seventy feet The Thomson Fall is regarded 
as beginning near the 133d mile-post of the railroad, (near the center 
of Sec. 8) and extending to the large island on Sees. 5 and 6. That 
part of it below the mouth of Otter creek which joins the river near 
the railroad bridge south of the railroad, extending a distance of nearly 
a mile, is thirty feet, and is caused by the strike of the rock going 
directly across the river, causing it in several places to be suddenly 
contracted in width to twenty or twenty-five feet, through which 
narrow passages the river rushes with some fall and a swift current. 
The most of the fall is near the foot of the distance stated, but there 
is an irregular rapid and rocky river all the way up to the railroad 
bridge that cannot consistently be subdivided, though it is more rocky 
at and near the mouth of Otter creek. That part above the mouth of 
Otter ereek, extending to the foot of the large island, is thirt.y-five feet. 
The greater part of this is near the foot of the island, but the river is 
a rushing torren t, in a rough llarrow gorge, sometimes split by islands, 
all the way from the first fall to the creek. The total fall from the 
brink of Knife Falls to the water at the foot of the lowest falls, N. E. 
± Sec. 15, T. 48, 16, by ameroid, is five hundred feet, with an esti
mated deseent of fifty feet more to the level of Lake Superior. 

476. Rock from near the river, south hank, about a mile above 
Knife Falls. The same formatioll, with the same dip and outward as
pect occurs along here. It ext,ends at least to the village of Cloq net, 
the direction of the slates being E. 10 deg. S. inclined to the south at 
an angle of 75 deg. or 80 deg. Along the river are occasional low slate 
exposures. The island!=; are caused by low slate elevations. 

477. From the same place as the last; coarser, SImilar to that 11ear 
Miller's Mill. (No. 469 ) 

These rocks are in SOllle places cut by slaty cleavage. They are 
rather finn, but have a qmill running in t,he line of the slaty cleavage 
(476), but in other places (477), it is not affected by cleavaae but is 
cut by joints running in all directions across it, so that thereoi: a sem
blance to dip toward both the south and north. The slaty cleavage 
goes diagonally across the jointage systems. After a careful st,udy the 
dip is made out satisfactorily to be toward the south. Between this 
place and the Indian Reservation, which is a mile above "Pose's," the 
country is covered with drift, and timbered heavily. At Pose's the 
hank is about one hundred feet high, and apparentiy cOllsist~ wholly 

I 
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of drift. Usually there is a belt of sWampy, clayey alluvium between 
the drift banks and the river, about six feet above the present stage of 
the water. The river is very quiet above Pose's to the little island 
known as Pille Island, three miles above, where there is a fall of about 
eight feet in? tumbling rapid, the most of the descent being below 
the island. No rock in, place is visible at the island-only boulders; 
of many varieties, chi.efly like the Rice Point rock at. Duluth, 'l'he is
land has a covering of tall pine trees. The country is not hilly, only 
moderately undulating, with considerable good pine. The long, nar
row island at Pose's is low and not rocky, or stony, even, but sandy 
and clayey. The lower islands are rocky. 

478 Represents the last rock on the right hank of the St. Louis 
above Knife Falls. This is-t'ound on the south bank nearly opposite 
the foot of tb~ island known as Homestead Island, very near the same 
place as No. -:1:77 and 476, but further west This is firm, gray, 
crystalline, with' translucent grains as if of quartz, a}:;lO having rusty 
specks when weathered, as if from oxidized siderite or pyrite. This, 
under the mic~'oscope shows in thi.n sectiolls that it is one of the 
arenaceous members of the formation. This is an important rock
horizon. It. seems to run further east, and also to extend under the 
river, forming the islands-at least such layers occur in the strike of 
the island-, and also form the brirlk of Knife Falls. It varies a little, 
becoming more like the rock at Miller's Mill, (469), than 478 is. 

This is supposed to be Norwood's "last rock," which he st.yled an 
igneous rock, or cloleryte, (his No. 4:54), having a direction nearly 
north and south, crossing the river nearly at right angles. This rock 
has translucent grains (which may be his supposed nepheline) hut it is 
certainly a part of the formation and strikes east and west. 

479. Rock from the brink of Knife Falls, similar to No. 477, a gray 
q nartzyte. 

4:80 From the brink of Knife Falls, finely crystalline, with minute 
grains of quartz visible in thin section. There are places in the for
mation where there is a change in the crystalline character, a greater 
frequency of joiuts, a finer grain, a loss of cleavage, and other features 
that accompany the metamorphosing proximity of a dyke, but where 
no dyke-rock can be seen. This sample seems to be from such a place. 

At Knife Falls the descent is fifteen feet altogether, and about six 
feet perpendicular. 

On the island first above Knife Falls the dip is N. 25 deg" forming 
an angle with the slaty cleavage which dips S. about 85 deg., and fre
quent joints cut the strat.a, 'l'he rock at this point is slaty in the di-
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rection stated, but t,he real slatiness does not appear as soon as a 
coarser slaty lamination which, on the surfaces of opened jointage 
planes, is in layers about one and one-fourth inch thick and looks like 
a bedding of sedimentation dipping almost or quite parallel with the 

, slaty cleavage. 
481. Slate, from the point above described. The piece has the lines 

of sUPP0tled sedimentation crossing the slaty cleavage as noted . 
.Just below the point of the last observation, which is where a small 

channel crosses the island in time of high water, is a nice little fall of 
about five feet, in the channel on the north side of the island, the 
channel itself being about twenty feet across. This rock is firmer 
than the rest of the formation herr, anll consists of alternations of 
argillaceous slate with a slaty clrmvage, and a gray quartzyt,e. This 
quartzyte has t.ranslucent grains like the rock of 479. Here the dip is 
plainlY,48 deg. S. 3 deg. E., the alternating quartzyte and slat,y layers 
being- a sure indication of II'hrtt the dip is. This observation negatives 
the lflst note in rf'gard to clip, t.he structure there supposed to be dip 
(illustrated by No. 481), being due to a former slaty cleavage, or to a 
foliation, or to a striation produced by friction, or to what? The 
water crosses the strike at an angle of about 45 deg., where it passes 
over these beds. There are ten berls of argillaceous slate that do not 
(with one exception of a heel of ahout three feet) exceed eighteen inches 
in thickness, some being but ahout six inches, alternating with hard 
and gray quartzyte layers which have a little greatp.r average thickness. 
These layers strike to the north of the main falls in the south channel, 
and appear on the east elld of the island below the falls. The slate 
heds have a perpendicular slaty cleavage, but the quartzyte beds have 
no cleavage of that kind, but are variously jointed. The slaty cleavage 
gradually fades out in the qnartzyte beds, firmly cementing them with 
the slaty beds. Many of the joints of the quartzyte pass through the 

• slat.e hef1s, particularly tllOse t,hat l'lm at right angles to the strike. 
482. From the above slaty layers. 
<:1:83. From the above quartzyte layers. 
48<:1:. Samples showing intermediate charaders. 
At the real Knife Falls, which are on the N. W. t of the S. W. t 

Sec. 13, T. 49, 17, and face toward the north, the brink running ex
actly east and west, the dip is 48 deg. toward the south, and the rock 
consists of alternations of slat,y layers with gray quartzyte, exactly as 
ast described for mum hers 482-3-4. But there are here two very 

prominent and persistent beds of the gray quartzyte, one of which 
forms the brink of the falls, while the other is forty feet below the 
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falls, and lie~ immediately over the section of beds represented by Nos. 
482-3-4, or is separated from them by an interval of twenty or twenty
five feet occupied by the same sorts of rocks as those. This lower 
quartzyte bed forms a spit of jointed rock that projects eastward just 
below the falls. Along the banks, both on the island at the west end 
of the falls, and on the main at the east encl, immediately below the 
falls, there are heavy beds of gray quartzyte which seem to be as dur
able as the rock in the brink of the fall, but they have not resisted the 
water so well as those further down, just mentioned. They rise, how
ever, higher in the banks, especially at the east end. The rock over 
which the water plunges has a basaltiform jointed structure about at 
right angles to the dip, but no characters of undoubted igneous rock 
can be seen, nor evidence of igneous action in the form of dyke-rock. 
Yet, jllst at the west end, even weRt of the little island that is in the 
fall and cuts it into two parts (the little island and the west channel 
make about one-third of the whole)-there near the west end of the 
little channel the rock is closely jointed in a direction N. and S. (or 
nearly) and hardened, becoming fine-grained, these characters also 
striking the spit running east from the main channel. This dyke-like 
appearance has a width of about four feet, and although it is in a low 
spot across the spit where sometimes water flows in a high stage ofthe 
river, yet it forms a little island in the rocky channel just in the brink 
of the falls. 

485. Is from this fine-grained rock VI' hich has the manner of a dyke, 
though it does not show the mineral characters of the dykes that cross 
1;11e formation. This belt runs N. and S. as above described. In thin 
section this rock proves to be granular and finely arenaceous, and 
hence a part of the country formation. 

486. From the quartzyte spit below the falls. 
487. Slaty alternations in the spit below Knife Falls. 
488. Gray quartzyte, similar to 478 and 469. 
This is from the north channel, from near the lower end of the third 

island (nut counting the little island in the brink of the falls) and is 
north of that called Homestead Island. The rapids are twenty rods 
above its first exposure, which i~ much greater than on the south shore 
where 478 was obtained. These heavy, gray quartzyte beds, although 
they differ widely from the most of the formatIOn, having a massive 
and jointed outward aspect, and thus resemble the dykes of true igne
ous rock, have not the composition of the dolerytes. Further, they rUll 
E. and W. instead of N. and S., and are interbedded with slaty layers. 
They could not be miJtaken for dykes wherever their stratigraphic rela-
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tions are visible. In this place no other rock can be seen. It extends 
along the shore about thirty rods (E. andW.) and does not vary. The 
main jointage system runs N. 3 deg. E. The rock gradually disappears 
among boulders some of which are very large, and yet seem to .be like 
the same rock. They show, however, a little .qmin, or schistose struc
ture, approaching that seen in some of the slaty beds of the formation. 

489. Samples from one of these large boulders that seem to show a 
gradation toward the slaty beds. In rock 488 are veins of white quartz 
SOllle being five inches thick. 

About fifty rods further up the north channel is a cross-channel, be
tween two islands, the water running north; opposite which, and im
mediately below, in the middle channel, are seen other rapids and much 
rock in place. The surveyors' plat of the river about Knife Falls is 
quite faulty. The islands are all represented as one, and the river 
seems to have but two channels instead of three. This rock shows a 
slaty cleavage running E. and W., which has a dip to the north, or is 
nearly perpendicular. It belongs to the formation of the country. 
South of this rock exposure, which forms a rapid place crossing the 
middle channel diagonally, is Homestead Island, or island No.5. The 
rock is very like that forming the falls, but probably lies below it, as 
it is a little further north. In these rapids is a little rocky island, ris
ing about eight or ten feet above the riv~r, having three or four grow· 
ing pines and cedars. These rapids are higher up the river than Nor
wood's "last :"oclL" 

490. An arenaceous, somewhat slaty, hard, gray rock, from the 
rapids in the middle channel, north of island No.5, near Knife Falls. 

491. From J,ear the same place as No. 490, and related to it in posi
tion, in the same manner as the spit of hard rock below the falls is to 
the ruck in the brink of the falls, i. e. in a conspicuous. strike parallel 
and thirty or forty feet further north; a firm gray quartzyte. 

492. Doleryte, from large boulders at the rapids at the head of is
land Nu. 4, scattered about as if from a large dyke in place near, but 
cannot be seen in place. 

49:3. Gray quartzyte from boulders apparently derived from the rock 
in place near. The rock of the formation is in place at this point. 

49,).. Rock from one of' the firmer beds of the formation about one. 
half mile below Knife Falls, at the river bank. 

Below Knife Falls in the first quarter of a mile there is a descent by 
rapids, of about twenty feet. The river then turns SE. The water is 
still rapid, and has a broken cascade over boulders at oll~-half mile , 
with a fall of about three feet. The rock is exposed constantly from 
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Knife Falls, the precipitous walls rising, at the cascade just mentioned, 
to the hight of twenty-five feet. 

At a quarter of a mile below this is a fall of about seventeen feet in 
three hundred teet, there being no perpendicular fall. There is a divi· 
sion of the stream into four channels by the strike of five different per· 
sistent beds in theiormatioll, the water running in the strike ot the 
intervening beds, the hard beds forming islands in the falls. The 
width of the river at the brink is about two hundred and thirty feet, 
and a dyke of about two hundred feet crosses the river just at the head 
ofthefall. This dyke is destroyed by the river faster than the rock 

itself, owing to its frequent jointage; and the most rapid descent of 
the water is over the hardened beds of the formation on the east side 
of the dyke. 

495. Rock from the two hundred feet dyke at the falls above men, 
tioned. This dyke nms N. 5 deg. E., and is 6f a fir ill and fine grain
though principally feldspathic. The dyke is finely jointed and easily 
shattered by the frost. The dip of the formation is S. 60 deg. 

About one-fourth mile below this fall the river turns about south, 
so as to go directly against the strike of the rocks. The banks increase 
in height, the dip increases in degree, and at three-fourths of it lllile fur
ther, there is a high rocky island (Fortress Island) from the foot of 
which a portage trail sets out to Knife Falls, on the west side of the 
river. The larger part of the stream passes on the left of the island, 
the descent being eight, feet over large boulders. At this place the 
rock of the country is wholly slaty; and although a short distance 
above the island there is a gradual change in dip from 60 to TO deg., 
and then to 90 deg., as the river exposes the beds, yet in viewin c!" the 
island from the N. W. down stream, there is, besides the slaty cleav· 
age, a coarse Hedding or joilltage system visible on the east side of the 
island that seems -to dip about 45 deg. S. E. At a distance the island 
itself, in its perpendicular walls, covered with a red lichen, cut by 
joints that cause the slates to fall away in masses, looks like a basaltic 
island of igneous rock. But there is no igneous rock in it. It rises 
fift.y or fifty-five feet above the water, and is covered by small pines, 
among which are many N orways. The actual bedding either coincides 
with the slaty cleavage or dips S. E. at about 45 deg. This is an in
teresting spot. The appearance of the island reminds one of basaltic 
Staffa, but of course its structure does not illustrate that. The banks 
of the river are not so high as the island, but on the east side the rock 
rises fully as high a short distance back. Below the island the valley 
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is deep and has high, slaty walls, the water being steady for at least 
half a mile. 

The portage trail which sets out here, going west, is that traveled 
by Norwood, and by the explorers and geologists that preceded him. 
Duluth was probably the first white man that passed over it. It leads 
to the Mississippi and to Vermilion lake. Douglass Hought on traveled 
it with Schoolcraft, and with Lewis Casso It was the outlet for the 
immense fur-traffic of the Upper Mississippi region. The name 
"Knife Portage," by which it is usually known, is well applied, be
cause where it starts, and for some distance, the slates are thin, per
pendicular and sharp like knives. 

496. The rock of the conntry, from the beds in situ at the head of 
the uppermost of the chain islands above Knife Falls, (same as 493.) 
This was got by Mr. Terry on making a re-examination of the rapids. 
He reported no dyke in place there. 

497. From near the middle of the central channel, a short distance 
above the head of the uppermost chain island, gray quartzyte, (Terry.) 

Mr. Terry also found similar rock in place near the head of Home· 
stead Island, but a little on the north side, in the central channel, 
which seems to be really the "last rock" to be found in the St. Louis,· 
until reaching its higher tributaries. 

498. The rock of the country from one hundred and fifty yards 
above the fall where 495 was ohtained. (Weitbrecht.) 

499. Rock immediately overlying 498. (W eitbrecht.) 
500. Slate from just below the falls described under No 494. 

(Weitbrecht ) 
501. Doleryte dyke-rock, center of Sec. 19, 49, 16, right bank of 

the river. 
Below Fortress Island, where the first little rapid is seen, a dyke 

crosses the river about N. and S. It is forty or fi·fty feet wide, and is 
best exposed in the right bank some rods below the rapids. It is rep
resented by No. 501 This dyke appears again thirty rods further 
down, and can be traced for half a mile along the right bank, to and 
beyond the floodwood. 'rhe direction of this dyke carries it across the 
railroad, near Paine's mile at N. P. Junction. 

The river is then tole:rablr slow t.o and beyond t.he cluster of small 
islands just below the floodwood (hence named Floodwood Islands.) 
The floodwood now is a floating jam, in length about the same as the 
width of the river, six hundred feet, with a few alders on it, and is 
wholly above the islands, the lower end of it being about 1,200 feet 
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above the islands. There is, however, a considerable other floodwood 
lodged about the islands and sunken between them. 

The river is then slow and broad down to three ot,her islands (not 
represented on the surveyors' charts) below which it again soon de
scends over rapids caL1sed by boulders, about two feet. Here the river 
is broad and shallow. Then appear two islands representerl in the S. 
W. i Sec. 30. Between the larger of these and the right hank of the 
river is another rapid descent about three feet" over boulders. The 
rock of the country, however, closely underlies, as shown hy an out
crop a few rods west of the right bank. 

At about a mile above "Cut No.3" (N) Oil the grade of the Knife 
Falls railroad, mentioned under No 475, a creek crosses the new gracle. 
At t,his place there is a cut in the rock on each side of the bridge. 
That on the sout,h side is short and about four feet high, while that on 
the north side is about nine feet high, and extends ahout one hundred 
and twenty feet. In the south cut the slaty cleavage dips to the sout.h, 
but is nearly perpendicular. In the north cut it is also nearly perpen-
~dicular but dips to the north. The sedimentary hedding is not dis
cernec1. There are belts of lumpy, white vesicular quartz, coincident 
:vith the slaty cleavage, which lenticular lumps are surrounded by a 
greenish slippery coating that often appears slickensided. These belts 
are sometimes wholly of quart.z, and are continuous for some feet, and 
reach five or six inches in thickness. They seem t,o be the result of 
foliation coincident with the direction of the original sedimentat.ion. 

At the next cut which is about one-fourth mile further north, the 
depth is five feet, and t,he ~laty cleavage dips slightly to the north. 
The cut extends about four and one-half rods. The rock is wholly 
slaty, and no sedimentary strncture is observable unle8;; it coin~ides 
with the slaty cleavage. 

The road runs over water-worn boulders, wit,h much corrluroy, with 
no soil, nearly to the creek mentioned Then there is a filling, then 
occasional fills and shallow cuts in a little stony loam, with large 
boulders, the country being cloth eel with swampy varieties of trees. 

Just beyond the point where the road strikes the drift bluffs of the 
river, another cut in slate-rock appears, the cleavage dipping north, as 
before, and including conformable layers or folia of white quartz, in 
varying quantities This is a firm slate, suitable for roofing, like 
much of it throughout the country. A short distance further are two 
small cuts in slate. In the northern one the slaty cleavage is different 
in different parts contiguous. The most of it dips toward the north, 
at an angle of about 45 deg., but in the midst of it are two belts that 
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run from the top to the bottom of the cut, in which the dip is itbo~ 
80 deg. toward the north. This cut is thirty feet long and six feet 
high. Furthe.r N. W. the road runrs on a dirt fill on the slate ranges 
about a quarter of a mile. The rock can be seen and showl'! heav~ 
bedding dipping toward the south about 45 deg., the slaty cleavag~ 

crossing the bedding with a dip of about the same amount in the op
posite direction, the cleavage showing a twist out of the normal direc_ 
tion as it passes the joints from bed to bed. The whole aspect of these 
ridges is light-green. 

At half a mile further is a long cut in greenish slates, perpendicular, 
or at the north end slightly dipping to the north, and at one-eighth 
mile further another small cut having the same features. Two more 
small ones appear before reaching a dyke which exposes a width at 
least of thirty feet. It appears on the N. E. side of the road and runs 
apparently, E. N. E. It is cut by the grade to the depth of about 
three feet, with a slate cut immediately south east of it. At half a 
mile further another dyke ot similar character is seen near the Knife 
Falls. It is in place by the N. E. side of the grade, and was slightly 
cut in the grading. Its width and direction cannot easily be seen 
owing to the forest. 

502. Gray doleryte, like No. 501, from the dyke last mentioned. 
0ne other cut in slate appears beyond the dyke about a quarter of a 
mile, but showing only on the north side, t.hough frequent ranges of 
slate appear along the grade on both sides, rising six or ten feet. 

503. Gray doleryte from the E. N. E. dyke before mentioned, ap· 
parently the same as No. 502. 

504. Gray quartzyte holding slate-pebbles, as if conglomeril;ic, 
about two and one-half miles from the Junction on the grade of the 
railroad, situated between the "Cut No.3" and the creek mentioned 
after No. 501. This qual'tzyte hardly has any cleavage, but shows a 
lamination in laminae about an inch thick, which indistinctly appear 
on shattering the rock by blasting. These have a high angle of clip 
toward the north, across the bedding, which dips south at about the 
same angle; and. they are probably the product in this quartzyte ofthe 
same operation that caused the slaty cleavage in the slates. Although 
styled quartzyte, here as well as in other places, this rock also contains 
a large ingerdiellt of feldspar which in No. 504 is partly orthoclose~ 
In others, the feldspar has been seen to be, at least in part, a 
striated feldspar. The ~laty pebbles in this rock are rounded, and 81'1) 

often half an inch in diameter, and occasionally are two inches long. 
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They are fine·grained, and resemble the slippery coating that surrounds 
the quartz deposits mentioned under No. 50l. 

505. At the long "cut No.3," mentioned under No. 475, there are 
several interesting features exhibited by the strata of t.he formation. 
This is nearly two miles north of the N. P .. Junction. 

1st. In the north end of the cut the slaty cleavage dips north about 
80 deg., awl in the south end it is nearly perpendicular. 

2nd. In the southern portion of the cut is a change in the forma
tion from slate to a gray arenaceous rock like Nos. 469, 478, 488, 4!H, 
493, 4~7 and 504, though it is not conglomeritic like the last; and the 
slaty cleavage on both sides of this rock is conformable with its sur
faces. This rock is represented by No. 505. It has somewhat the 
outward appearance of a dyke of igneous rock crossing the road in a 
zigzag course E 5 deg. N. It weathers nearly white a.nel has a width 
of twenty-seven paceil. 

3rd. This rock, (505) has no slaty cleavage, hut a coarse jointing. 
The slate beds on the north side dip N. and on the south side they are 
about perpendicular. 

4th. On the east of the road, one-fourth mile distant, is a high hill 
of rock' of this kind, and near the north end, on the west side, t.he 
ridges show a twisting in their strike, or a quaquaversal t.hnw, so that 
the E. and W. slaty cleavage crosses them diagonally, the ridges bear
ing S. E. and N. W. 

5th. Hence the slaty eleavage came after the tilting of the forma
tion, and keeps its E. and VV. course whatever the direction or amount 
of the dip. 

6th. The hill of this rock, above mentioned, is east of the road less 
t.han one-fourth mile. It is an isolated knob rising about twenty-five 
feet above all the other ridges. It is about circular and five rods over, 
with a broad rounded top. It seems to be a sudden augmentation of 
No. 505 among the slates, and its connection with No. 505 in cut No. 
3, can be traced connectedly. The course of 505 is about toward the 
rapid in the St. Louis, three quarters of a mile above the Big Island in 
the river near Thomson. 

506. Large sample of slate, showing the slaty cleavage crossing the 
sedimentation, from one mile north of N. P . .Junction, Knife Falls 
railroad. 

Along the east side of the Big Island near Thomson, the ranges 
cross the river, causing rapids, and a descent of about ten feet in 
twenty rods, the most of it being in the lower ten rods. The river 
here fllllS against the strike, and the channel is narrowed as below ~, 
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Thomson suddenly, to about thirty feet. The rock dips 45 deg. N. 
and stands up conspicuously along both sides of the channel, the slaty 
cleavage dipping 45 deg. to the south. There is then comparatively 
still water to about the middle of Sec. 31, (south of it a little), where 
the rock again causes rapids and a descent of six or eight feet. 

5n. Gray, slaty quartzyte, "just across the north channel at t~e 
head of the second rapids, on Homestead Island. " (Terry.) 

508. At the extreme upper end of Homestead Island, at the very 
point, higher up than any rock along there before melitioned; a gray 
quartzyte, with visible grains of quartz. (Terry.) 

509. Some rods east of the heaJ of Homestead Islanll. on the north 
side, about one hundred rud" west of the head of the rapids that there 
run across to the other islands; a gray quartzyte. (Terry.) 

510. Slate from the very fout of Homestead Island, below the rapids 
last mentioned. (Terry.) 

The Chain islands, here so designated, are often known as Green Is. 
lands, from the man who preempted them. The "Grand Rapids," of 
the St. ~ouis begin one-half mile above Pine Island, and continue five 
or six miles. The water then is comparatively quiet to the mouth of 
the Cloquet. Just below its mouth is a brge rapid. (MallmanI!-') 

Downwat'd section if the red sand rock and shales at Fond dn Lac. * 
1. (443.) Red sand rock, quarried at Fonel du La.c. This begins 

above the level of the milroad grade and extends downward through a 
thickness of (estimated) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 50 ft. 

2. Dark red shale ____________________________________ .. _ 18 ft. 

3. Shaly sand rock, less firm and siliceous than No.1, 
(changes gradually to the next) ___________________________ ,_ 12ft. 

4. Red shale, with some sandy beds .... _______ . _ _ _ _ _ _ _ _ _ _ 30 ft. 

Ascending the river, here it turns south, and as the dip is to the S. 
or S. E. the sand rock No.1 is brought again into sight in the banks 
of the river at the extremity of the point, and in the opposite bank of 
the river. This is about one-half mile we;;t of the state line. No.4 
again occupies the luw river bank (north bank) above the point, after 
it turns weRt again, for ten or fifteen rods. It has some beds of light 
color, a few inches thick, such lighter colored beds bein~' coarser. 
After a short distance of no visible rock, the undedying beds appeal', 
viz. : 

o. 
6. 

Fine conglomerate light. ___ .... ___ . ________ .. _ . __ _ 
Red fissile shale .... ______________________ . _______ _ 

Also sec Nos. 443 to 449. 

l:1't. In. 
6 
8 
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7. Light colored coarse saLdrock, or fine conglomerate .. 8 
8. Red fissile shale. __ .. __ ... __ ..... _~ .. _ ... _ ... _ ..... 4 6 
9. Fine conglomerate (light) .. _ .. __ ... _ .. , _ ... '_'." .. 5 

10. Fissile red shale. __ .. __ ........ ~ ................ .. 3 
11. Fine conglomerate (light). __ ... _ ... _ ... _. "" ... _. 3 
12. Fissile shale, with green spot!', some beds ripple-

, nlal·ked. __ .. __ ............................... . 14 
13. Fine conglomerate .... ___ ....... _ ................ . 8 
14. Fissile shale. _ •. . _ ... _ .. __ ..................... .. 3 
15. Fine. conglomerate ..•.. __ .. ; ... __ ............... _. 2 
16. Fissile shale .......................... _ ......... .. 3 
17. Fine conglomerate .......... _ ........... _ ........ . 4 
18. Fissile shale .. _ ....... _ ... _ ... _ ........... , ...... . 4 
19. Fine conglomerate ...... _ ... _ ....... _ ............ . 1 
20. Fissile shale... .. .. , _ •... _ ........... _ .......... . 3 6 
21. Ii ine conglomerate __ ... _ ....... - ...... _" .. _ .... . 1 6 
22. Shale and shaly sandrock, with layers of light green, 

seen. __ ...•... _ ...... __ . . . .. . __ .. _ •......... _. 14 
The bluff here is about twenty.two feet, (of exposed rock) for about 

thirty~five rods, below the p,reek that comes under "Bridge No. 1," and 
for about ten rods ahove, the opposite bank having no exposure. 

Ft. In. 
23. Light red sandstone ...... _ ... _ ... _................ 3 
24. Fineredconglomerate ............................. 'I: 6 
25. Shaly sandrock, red ............................... 10 
26. Ii'inc red conglomerate ......•.......•... _ ....... _ . 3 6 
27. Red shale and shaly sandstone; makes a dark band... 9 
28. Lighter colored sandrock ................. ~........ 8 
29. Green shale .................................. _ . .. 6 
30. Red shale and shaly sandrock.................... .. 9 
31. Fine conglomerate, with some thin layers of shale. . . . 4 
32. Sandrock, mottled and striped with cross·sedimenta· 

tion .. _ .•••............... _ .. _ •. . .... __ .. _ _ _ _ 5 

The mout.h of the creek coming under Bridge No.1, is on this sand
rock. 

33, 

34. 

Fine conglomerate; the middle of this has pebbles an 
inch across, but is finer above and below. _ •.. - .. 

Shaly salldrick, with specular specks, as if micaceous 
or hrematitic. This extends but few feet, and 

7 

pinches out into fine conglomerate... . .. • . .. . . .. 8 
35. Fine conglomerate .. _ ....... _ ....... _ ....... _ . __ • . 10 
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36. Fine shale ...... _ ...........•.......•.••• , .. . . . . . 4 
37. Fine conglomerate ... _................ .••..... .••. 2 
38. Shale.. .. ..•. . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . .. • . 2 
39. Fine conglomerate, lig'ht.colored ......•........... , 6 . 
40, Sandstone, light-colored and red, with horizontal bed. 

ding; pinches out in fine conglomerate in twenty 
feet .............................. _ .......... , 1 2 

41. Fine red conglomerate with false bedding, passing be· 
low into a coarse, light. colored sandrock wit,h false 
bed ding ................ " . . . . . . .. .. . .. ,.... .. 3 6 

4:3, Red,crllmbling conglomerate, coarser below, witll some 
pebble~ of two inches.......................... 7 

43, Shale, with green spots and some conglomerate .... , . . 1 6 
44. Firmer, lighter colored conglomerate, inclosing beds 

of shaly sandrock which ha"e cross·sedimentation, 3 
45. Fine green and red shale.......................... 7 
46, CORrse shale.... . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . 1 
:1:7, Fine red shale. Of thi~, but one foot can be seen at 

first; but as No, 44 strikes across the river form· 
ing a little rapid, and shows its place of beginning 
on the right hank, the section is easily continued 
on that bank, The stream here rUllS nearly at 
right angles to the strike, and a bluff rises about 
eighteen feet on the right bank consisting of Nos, 
41, 42 and 43, or beds like them. Large blocks of 
No, 44 lie along the river, in the talns on the left 
bmlk. In these blocks are mainly pebbles of white 
quartz; then jasperoid and colored quartzytes; 
then arenaceous quartzyte of a red or pink color; 
then pieces of a greenish slate. and rock like the 
Thomson slate rock. The pebbles are generally 
under an inch in size, and the surrounding mater. 
ial is also a fine conglomerate .... '" ...... """ 15 

48, Coarse, firm, light. colored pyrit,iferous conglomerate, 
sloping gradually into the water. This includes 
lenticular spots of shaly sandrock, and of red con. 
glomerate. For some rods the upper surface of 
this conglomerate forms the low 8hor6 and is 
washed by high water, dipping into the river at 
an angle of 8 deg. It then stops abruptly by a 
fault, and the shore is occupied by a red and spot-
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ted green shale like 47, of which the dip is more to 
the south. Wherfl the conglomerate is broken offit 
is highly pyritiferous, and cemen:ed into a CODl

pact rock, and at the ~ery fracture the whole is 
,changed and vitrified, making a firm greenish 
quart.zyte. In the bluffs on the opposite shore, 
(i. e. Oil the rig·ht bank,) may be seen four separ
ate faults crossing the red ~ hale andsand stone beds 
(apparently 41, 42 and 43,) from the top to the 
bottom. This is jURt opposite t,he point of fault
ing of the conglomerate on the left bank. After 
the abrupt disappearance of this conglomerate the 
left bank in ascending the stream is found to be 
Dccupied by a low exposure of layers of green and 
red shale belonging to some higher portion of the 
section, .while the right bank opposite is a bluff 
with an average exposure of ten feet of rock, con
sisting of red shale and shaly rock, with varying 
.dip. All at once the coarse conglomerate rises 
again, but not so suddenly as it disappeared, and 
forms the shore to the place where the slate for
mation is found underlying it unconformably. 
Where the conglomerate reappears it seems not to 
be faulted, but bent and somewhat broken upward, 
the shale-beds above also being somewhat bent and 
compressed, though maint.aining a green color 
where in contact with the conglomerate. The 
change of level is about two feet, and it is ex
pressed on the opposite shore in undulations in the 
strata. It is about forty rods above this point 
that the slates first appear under the conglomerate, 
estimated. _______________________ , __ , ___ , _____ 50 ft. 

49. Coan;er conglomerate, containing about the same ma
terials as the last, except the layers of sandrock. 
Dips S. E. or S. S. E. 7-10 deg. The white quartz 
pebbles are sometimes six or more inches in diame
ter. Some are of gray, or even a l,)lack jaspery 
quartZite, and some are pieces of the underlying 
slate, showing the slate must have hardened as slate 
prior to the deposit ofthe conglomerate. On the oth-



3-1 TENTH ANNUAL REPORT 

er hand it is to be noticed that a roughly slaty man
ner of disintegration passes u.pward into the con
glomerate from the slntes where the wt'ather has 
acted on the two at that horizon, the pebbles and 
cement falling off in slabs or lumps that are elon
gated in the direction of the slatiness of the slates 
and parallel with them, as if the cause that oper
ated to produce the slatiness had taken effect since 
the deposition of the conglomerate, and had re
sulted III a similar structure in the overlying 
rock. In this conglomerate are pebbles of gray 
and black jaspery quartzyte which much resemble 
the great quartzyte of the boundary line, seen at 
Pigeon Point, and really can be referred to that 
formation. This seems to imply that that forma
tiOll, which, with its jasper beds overlies the slates, 
should C0me in between the conglomerate and the 
slates, but for some reagon is wanting here. The 
conglomerate at Grand Portage Bay may have that 
relation. (V. No. 254.) In some places a layer 
of green shale lies between the conglomerate and 
the slates. It is a foot thick. The coarse pebbly 
quartzose conglomerate has an estimated thick-
ness of. - - - - - - - - - - - -_ - - _______ , _______ . _ _ _ _ _ _ _ 100 ft.. 
The overlying :finer conglomerate is often red. 
Total observed thickness of the Potsdam at Fond 
dn Lac is therefore -- - - -__ - ________ . _______ . _ 412 ft. 4 in. 

By making fl general trigollometrical calculation, with an average 
dip of 6 deg., and a hypot.henuse Olie and one-half miles long, from 
Chamber's quarry to flbout half way between bridge No.1 and No.2, 
where the conglomerate begins, the thickness of the red sandrock and 
shale is found to be 883 feet. To this must. be added the coarse con
glomerate. 

From Duluth to Silver Islet and Return. 

511. At a point in the bed of Miller's Creek, ju.st above the high
way bridge near the t section line of 32 T. 50, 14,424 feet above Lake 
Superior, this sample was obtained. The rock, which is gabbro 
associated with :fine red syenite, extends indefinitely up stream. 
It is jointed conspicuously N. W. and S. E. like a dyke. It is in some 
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places speckled finely with red feldspar, and in other~ it is crossed by 
veins of red feldspar, some being an inch in width and other:; very 
thin, somewhat resembling- the rock at the old quarry of Maj. New~on 
at Duluth. Below the bridge is a rapid descent over rock of the ::lallle 
sort, in which the formation shows a coarse bedded ::ltructure, and 
dips E. at an angle of about 25 degrees. The left bank of the creek 
rises perpendicular about 23 feet, and the right slope:; up gradually 
with the dip of the rock. The summit of the gap through the hill 
range is 607 feet above lake Superior. Thii:l is about a mile beyond 
the crossing of Miller's creek. 

512. N. E. t Sec. 25, T. 50, 15. Along the Herman town road oc
casional exposures are seen, rising above the rolling surface of gravel
ly red clay, of which this is a sample. It is a heavy, gray trappean 
rock with so much magnetite as to disturb the l'leedle. Land of Peter 
Benson. 

513. Rice Point gabbro, from a cropping on the N. W. tN. E. -t 
Sec 27, T. 50, 15. 

514. S. W. t Sec. 22, T. 50, 15, (near the center of the quarter), 
land of John Mallnu~nn. Here is an unusually magnetited bed of the 
rock of the country. It can be traced along about 200 feet, having a 
width of about 20 feet, as exposed. in low ground, bearing E. 10° N. 
It lies 5 rods to the north of another series of croppings of rock like 
No. 513. On the opposite side of a little creek, north of this number, 
is also a line of outcrop of rock like 513. No. 514 controls the needle 
entirely. It is dark, but specked with porphyritic crystals of labra
dorite. The center of Sec. 30, T. 50, 14, is the highest point in the 
hill-range, on the Herman town road, and is 747 feet above lake 
Superior. 

Reviewing the rocks between Minnesota Point and Kinichigaqnag 
creek one is compelled to the conclusion that they are mainly sedi
mentary; i. e., in the sense that they were deposited in water and 
in that way received their stratified arrangement. They dip S. E. 
They also exhibit some of the characters of igneous rocks, 'liz.: their 
amygdaloidal structul'e, their color, their hardness, and an occasional 
wrinkled surface, that was formed by the . fluid condition of the rock 
when flowing down an incline. The last characteristic particularly 
seems to prove that some of the beds were molten. On the other hand 
they show nearly all the characters of sedementation-parallel lamin
ation, dipping in a constant, or nearly constant, direction, cros~-strat
ification, variation of texture and color as well as mineral composition 
in the direction across the bedding. Whether they lie, stratgiraphic 
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ally, above or below the sandrock at Fond du Lac is solely a matter ot' 
speculation, so far as the {)vidence here has any bearing. 

There is a red sectile rock (Nos. 18, 19 and 30) that sho~s conspicu
ously along here, between Duluth and Chester Creek, which may have 
been driven by semi-fusion, and by igneous injection into the open
ings, &c., ofthe lower part of the igneous rock that forms Rice Point, 
and thelhills back of Duluth. This is on the supposition that the Hice 
Point rock lies over the Chester Creek bed, and is in keeping with the 
fact that a red feldspathic rock occurs in patches in Duluth, and is in 
seams in the Nice Point rock at Newson's quarry. In that case the point 
of outflow of igneous rock was further to the northwest, and the lava ran 
over the broken beds toward the S. E. Before the full force of the 
igneous overflow is met in passing N. E. along the coast, the sedimen
tary beds occupy the coast except where, by dykes, or by interbedding, 
or by local outflows, the trap rock is found in its place. This indi
cates that during the period of <leposition the igneous disturbances 
were going on, and that the semi-igneous nature of the beds may be 
due partly to the proximity of the igneous vents which would not only 
give an occasional flow of truly igneous rock, but would furnish a sedi
ment quite different from an ordinary oceanic deposit. Ordinarily the 
sedimentary beds have a reddish rolor, but in the neighborhood of Ches
ter Creek, and in Duluth some of them are greenish. The trap-rock 
seems to take a bluish green color along the shore. Occasionally a 
hardening of the sedimentary beds is produced so as to form a rounded 
point or promontory, or a sharp rocky point. Without such harden
ing the sedimentary heds usually are less durable than the trap-rock. 
In some cases, still, there is so close a mingling of igneous and sedi
mentary characters it is wholly impossible to decide, on the spot, 
whether a rock be igneous or not. 

515. At Sncker river (V. No. 89). A fine-grained igneous rock, 
which crosses the mouth of the river. But it runs N. E. instead. of 
N. 5° E. 

516. Forms the bed of the stream, and appears like a bed of lava, 
being not jointed regularly, but smooth and massive, with pot-holes. 
This disintegrates into globules and rots to a great depth before fall
ing away. It is heavy, dark green, and almost black when wet. In' 
the stream are many pieces of prehnite-amygdaloid with a little native 
copper. These must have come down the stream from a belt which 
runs from French river southwesterly, back of Crystal Bay, and N. 
E. to Sucker river. 

East of Stony Point, which if; the east point of Sucker bay, the 
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rock forming the immediate shore is an overflow of heavy dark t,rap 
which extends to 1\ nife river; but within the bay east of Knife river 
are amygdaloic1s and purgatories for a mile and a half. Thin clay 
hides the rock, except occasionally, to the west point of Agate bay 
where begins about the same series of amygc1aloids a,nc1 non-Hluygcla
loids as seen near Knife river, extending round the point and along 
the west side of Agate bay. TIlll" the l'CH.:k from Stony Point tu 
Agate Bay is all igneons. There if:! a f:!imilar alternatioll Oll the west 
side of Burlington Bay. (Y. Nos. 94-10:3.) 

517. Fine-grained trap, bedded, from the foot of the high bluff at 
the north of Gooseberry river. (Y. 108.) 

51~. Trap-rock, top of the low bluff at the south end of the beach 
at Gooseberry.river, containing Hmygdules of chalcedony. Furnishes 
Home of the pebbles, and all of the agates of the Guoseherry beach. 
Thrs rock slopes into the water, and where it i:o cou:-Jtautly nnder the 
action of the waves, and partly decayed, it is re(lclish, like t.he pehhles, 
but the pebbles mostly come from another bluIt'. 

519. Agates, taken from the rock at Gooseberry river. At Goose
berry river is a high beach (25 ft.) of red graveL extending from rock 
to rock (from 517 to 518), facing east, thruwn up by the counter 
action of the current of the river against the easterly storms on the 
lake, which not ouly sweep the pebbles alollg the beach toward the 
west, but prevail with great violence in the spring and fall months. 
It is 300 paces long. In the red gravel of the beach are numerom: 
chalcedonic agates, derived from the rock of the place. The bluff at 
the north end of the beach is about 75 feet high, and at the south end 
it is about 10 feet. In each case the rock slopes E. S. E. clown to the 
lake, and below the water. They were once prohably connectea, 
forming a continuous sloping surface of trap-rock. The lower part 
of the bluff at the north end is bedded, and more jointed, but is fine_ 
grained and firm. It is probably igneous, and seems to contain con
siderable chrysolite. The upper part contains chalcedonic amygdule:>, 
and is trappe an. It decomposes in g' obnlifel'ous parts, and is spotted 
by them before decay, the general color being a clark or bluish grecn. 
The whole bluff is trap and 75 feet thiclc The beach is red with a 
few blue pebbles. The red gravel is finely amygclaloidal, and cannot 
come from the trap. The glohuliferous decay i::; not noticeable in 
rock at the east of the bluff, near the water, perhaps because the 
erosion wears it away too fast. 

The lower part of the high bluff at Gooseberry river, a short dis
tmlce east of the. river, is amygdaloidal with laumontite, and crum-
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ble" ont faster than t,he overlying trap, cansing the fall of large bloch 
from the t,op of the blnff. 

The beds 517 and 518 occupy the coast exclusively (except one or 
two amygdaloidal berls,) with short intervals of red pebhly beach, to 
about, ODe mile from Splitrock river, when a bluff rises from the water 
in a bay (No 110) and continnes eastwardly. This blnffis the source 
of the reel pehhles at Gom:eberry heach. It is finely porphyritic with 
rerl feldspar, and seems also to have fine grains of calcite and quartz, 
as well as a few green amygdules. These, weathering out, produce a 
pitted water-worn exterior. The rock does not crumble, but goes to 
pieces in a multitude of small fragments which strew the beach and 
make the gravel. It greatly resembles the rock at Crystal bay (No. 
78) and also the Palisarle rock (Nos. 138 and 139), but i~ less firm than 
the latter. Its disintegration in rmgular l)it,s in the bluff, hy frequent 
divisionalvlanes (not properly a jointage) is exactly like the Crystal 
Bay rock, hut here it contains no large geodes of calcite, as there. 
It has the appearance somewhat of nnclerlying the trap of Gooseherry 
river, hut it actually overlies it. 

1,)20. Sample of the ahove rock, one lllile weflt of Splitrock river. 
520. A.-Sample of calcite-laumontite, from a vein in No. 520. 
The westerly enrl of this hluff seems to show that it rises from 

unrler the rocks 517 amI 518 with a strong rlip toward the W. S. W. 
perhaps -!O rlegrees, hnt this westerly rlip is not due to sedimentation 
tilterl ill that rlirection, hut to a transverse jointage. It is so intimate
ly jointerl anrl angular that the original hedding, by which a deviation 
of rlip is to he ascertained, is nearly obliterated. 

521. Is an irregular t.luust-up rock, appearing in the beach near 
the west eurl of 520. Its bedding is distorted. . It almost appears con
glomeritic, hut the lumps amI nodules that appear in it are due rather 
to crystalline aggregations, imperfectly formed. Some of its finn 
parts appear like the met.amorphoserl greenish quartzyte fleen under the 
conglomerate near hrirlge No.5 above Fond du Lac (Y. after No. 510, 
in the Section of flle Red Sandrock: lit Fon'l (lit Lac (Sub.-N 0.48). But 
in the midst of this green are thin red (vitreous?) laminations that 
reRem hIe 111 form, hut not in color, the translucent streamed(?) inter
laminations seen in No. HO. It is essentially a part of No. 520, but 
modified hy some dosely contiguous ig'neous agent. (Y. 816). 

Towarcl the east the bluff (520) shows horizontal bedding one, two 
anrl three inches t,hick, and the rerl rock passes inland among cedars, 
halsams aur1 pines. At nearly the same point a lower trap-rock 
appears in the beach, heing the same as that forming the little island 
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opposite the bluff, 520, since it can be traced connectedly from the lit· 
tIe island-by the shallow water-directly to the the foot of the red bluff'. 
This lower trap holds a gray amygdaloid about 8 feet thick, and it~ 
lower beds run in the gravel beach, nearly to the Splitrock river, th" 
chief exposure being just at the point, and 15 feet high (V. Nos. 111 A 
& 111 B). The red pebbles at once disappear, except that a few, mixed 
with the gray, are seen even at the mouth of the Splitrock, brought 
down the river and distributed westwardly. Where this lower tra], 
appears in the little island it is agatiferous, at least has concretionary 
masses of quartz a foot or more in diameter, as well as other dark 
masses, 384 ft. in diameter. The geodic quartz cavities have few ame· 
thystine crystals. In this respect this trap hed seems to resemble the trap 
at the top of 1'he bluffs at Gooseberry, instead of being another layer. 
In some places this is finely amygdaloidal, on the island, but generally 
heavy, compact, angular, and dark colored. These parts are irregu-

. larly mixed, and sometimes surround each other, as if in concretions, 
or as if one had heen mixed in the other as a matrix. 

Splitrock Point exhibits a novel and interesting geology. While 
the large feldspar mass seems to be in place, and to have furnished 
the smaller pieces embraced in basaltic trap toward the S. E. and E. 
it is highly probahle that it is itself a transported mass. The 
oblique hasaltiform structure of the trap shows it was molten and the 
feldspar was not. The feldspar is not hasaltic, only coarsely jointed. 
This feldspar rock has a close resemblance to tlle Rice Point 
granite. It seems also to he older than the sandstone and conglomer
ate heds along here, and not to pass into the tr8p ll'lym'S that are so 
conspicuous along the shore. There is a constant dip toward the S. W. 
in passing along here, and finally the feldspar rock seems to come to 
view as if lower than all. There is trap near the water, at the 
base on the east side. This continues, and shows oblique basaltic 
structure which slopes N. E. anet a bedding that dips S. W. (V. 112 
and 113.) 

Immediately across a little hay east of Splitrock Point, and on the 
north side of the hay, at the foot of a high hluff (175 ft.) of Feldspar 
rock which stands a little inla;nd, is an exposure of a dark-red, frequent
ly jointed, rock. It is somewhat amygdaloidal, and especially near 
the top of the hluff, and seems to he' a slightly altered condition of 
No. 520. It shows only a short distance (6 rods) and dips N. N. E. 
about 30°. It is darker red than No. 520 on fresh fracture, hut the 
joints that give color to the hluff are lined with lighter red. It is 
probably also one of the shale beds of the formation, if not the lowest. 
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It is cut square off, and is immediately replaced by the obliquely bas* 
altic trap (No. 524) which embraces masses of feldspar rock. Here the 
trap rises 50-75 feet above the talus of fallen pieces as the bluff 
extends east. 

522. From the foregoing reddish-brown rock near its point of con-, 
tact with the basaltic trap, neal' the top of the bluff, in the bay first 
north of Splitrock point. It here becomes darker, denser and firmer, 
and also amygdaloidal, bringing it to the characters of the rock that 
forms Two Harbors, the next point east. This seems to be another 
condition of 520, or beds like No. 520. In thin-sections it seems to be 
identical with the Two Harbor rock. 

523. From the base of the same bluff. Similar rock, but more red. 
The Two Harbor rock is No. 117. 

Just beyond Two Harbor Bay, (east) the relative superposition of 
Nos. 522 and 523, and their relation to the Two Harbor rock as well 
as to the Feldspar rock, call be seen. A feldspar bluff rises perpen
dicularly from the water about 125 feet. On the west of this bluff 
and in immediate contact with it, rises a basaltic trap bluff which is 
composed of the rocks. 

524:. Is a basaltic dark trap, 75 feet thick-underlain by 522, 523 and 
the Two Harbor rock, in the order named-the Two Harbor rock rising 
but little above the water. (Y. No. 112). 

N um bel'S 522 and 528 here show a sedimentary structure very 
evident, but it is in patches, and alternates irregularly with patches of 
laumontitic amygdaloid. . , 

525. Sometimes a sa11l1y sedimentary rock is in immediate contact 
with and sUlTounds patches of the amygdaloid. In the sandrockr 

which is of a light color, blotched with red, are impressions of fucoids. 
(Y. No. 817). 

On the east of this high Feldspar point there is a huge pudding 
stone of trap and feldspar for a short distance, and then under it a 
short exposure of No. 520 just as the bay begins. This last rises 
and runs inland, and the Two Harbor rock makes the immediate shore 
through the bay to the third high point, which is composed of a sud
den upheaval of both the 520 and t,he Two Harbor rocks, the latter 
being basaltic and making the high point. (Y. 119). 

526. The knob of rock at the west side of Beaver Bay is of a crys
talline red rock, feldspathic and firm. The green trap embracing the 
feldspar masses abuts suddenly upon it, from the west, and so ceases. 
This probably is the same rock as 119, and 520. 

527. Sample showing the union and welding of the feldspar ma s 
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at Beaver Bay with coarse trap inclosing it. It is not thus welded 
generally, so far as visible, but is loosened fron the trap. 

528. Slaty, gray quartzyte, at the mouth of Beaver Bay creek. 
These samples are from the rock at the very mouth of the creek. It 
also runs back from the creek toward the west. Its abrupt and isolated 
outcrops will not permit any satisfactory identification of itl') horizon 
or its place in the shore series. (Y. ~27 and after 816). 

529. (N o. 1 to No.6). Series of changes from trap rock to I')oil, 
Beaver Bay: 

(1). Unchanged traprock, heavy and coarsely crystalline. 
(2). Iron-shot and jointed trap-rock. 
(3). Showing incipient decay. 
(4). Crumbled trap-rock. 
(5). Gravelly, earthy soil. 
(6). 10am, soil and turf. 

These are produced by the rotting of the trap-rock of the country, 
on the promontory where no other ingredient contri'butes to the soil. 

530. Finer, dark trap, of the same general character as that which 
covers the country, but finer grained, magnetited, and perpendicularly 
basaltic, having a coarser grain in a dyke-like belt (2-t feet wide) run
ning E. and W. This rock contains patches of red rock like No. 526 
and within two rods, after a short interval not exposed, the rock No. 
526 is seen in full force forming a bush-covered bank. The patches 
are as fragments or boulders, generally, but some patches do not alJ
pear like transported masses, but like dykes and veins. This is from 
the bay one-half mile west of the knob which is represented by 526. 

531. Sample of the above narrow dyke-like belt, which is similar 
to No. 529, but seems to contain free quartz. The general dip of the 
rock 528 is to the east, as seen in passing inland, and along the road 
to town, so as to throw it, if continued, under the rock of the pr~mon -
tory. 

532. Reddish, and sometimes greenish, trap-like rock, surrounding, 
or embracing pieces of the feldspar at Beaver Bay. This rock is 
similar to rock No. 526, at least in some of its parts. The feldspar 
masses h:we the appearance of havjng been carried in this rock, or to 
have been in situ when it was deposited as a sedimentary rock, and 
subsequently to have suffered the metamorphosing forces with it. (Y. 
No. 816.) 

533. Rock of the great palisades. (Y. 139.) 
At the point that encloses the beach of gravel at Little Marais, a 

red pebbly conglomerate is seen running undeJ; the basaltic trap (No. 
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160) that makes the point, but separated from it by about two feet of 
amygdaloid that bears white thomsonit'ls. This conglomerate must be 
that seen a short distance below Baptism river (155). The Sawthuth 
Hills, a spur of which runs out at Baptism Pt., run here still further 
back from shore, so as to hring the lower heds of any rock involved 
in them, at the shore along Little Marais. This conglomerate is also 
probably the real rock underlying the long stony heach extending for 
a mile or more ahove the point that is on the west of Little Marais. 

East of Little Marais, for a couple of miles, the' coast is formed by 
the Little Marais trap, sloping rather steeply into the water. The 
underlying amygdaloid is exposed also. The conglomerate is some
times converted into an amygdaloid, and its true original character is 
hardly discernable. There are, however, red hlotches that indicate 
the original pebbly character of the whole. 

These three parts:-
1. Basltic trap-rock. 
2. Reddish amygdaloid. 
3. Reddish conglomerate. 

make a jagged coast, with sharp points and little bays, almost continu
ously rocky, to abont a mile and a half or two miles east of Manitou 
river. They sometimes rise 40 feet p~rpendicularly from the water. 
There is a little harbor from S. ~'V. winds about, one mile east of Man
itou river. There seems to have been one grand igneons overflow here, 
just after the conglomerate, which is about 70 feet thick. The con
glomerate itself is amygdaloidal, and the whole is red. The pebbles 
also are amygcbloidal, and generally less than an inch in c1iameter, but 
some are 8 or 9 inches across. The amygclules are calcite, laumontite, 
and white thomsonite. Sometime,; heds of conglomerate and amygdal
oid not conglomeratic alternate two or t,hree times, and sometimes 
they blend or cross each other, showing no widespread variat.ion in the 
nature of the conditions under which the whole was deposited, hut 
rather indicating that at other points the whole would be found to 
be a conglomerate. 

534. Samples of red amygdaloidal conglomerate from 1 mile east 
of Manitou river. The same is seen at the mouth of Manitou river. 
At this point the strike ofthe trap passes some distance inland, form
ing a spur of hills that rise several hundred feet back of Pork Bay, 
with low tillable land along the shore. 

535. (V. No. 193). 

Thomsonite amygdaloid, from Terrace point, near Good Harbor 
Bay. 
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535. A.-Thomsonites, picked from the rock at Terrace Point. 
535. B.-Thomsonites, &c., gathered from the beach at Terrace Pt. 
These pink thomsonites seem to have some of the characters of 

.edingtonites, as in a weak H. Cl. solution they give a precipitate 
with sulphuric acid, which must be sulphate of haryt2t. 

536. Samples of the hasalt rock, at Grand Marais, many of the 
:small pieces being sections of the smaller hasaltic colulllns. 

537. Bedded trap, fi'om the west side of the point on S. vV. i- Sec. 
10, T. 61, 2, E. Similar to the trap at Grand Marais. (V. 211.) 

538. Red rock, similar to the rock of the Great Palisades. This is 
the first rock east of Cow's Tongue Pt. in the hay. (V. 212.) 

The rock of 1)'i8h Hook Point (No. 213) lies as an overflow, and is 
visihle under the water toward the west for some rlistance, cut also 
by dykes, Some of which appeal' on the shore. 

539. Brown trap, with chlorite amygdules; similar to, if not the 
same as the Fish Hook Pt. rock, from a short distance west of the 
mout.h of the Brule river, near the river. (V. 220.) There is no rock 
itt the mout.h of the Brule, hut a remarkable high beach, which shuts 
in a lagoon on the landward side. The pebhles composing it are of 
mixed character, some are red, from the red rock of the country (538), 
anc1 some are blue or green, from the fine basalt or dykes, with amyg
daloid and porphyry pebbles. 

540. Coarse doleritic trap; a mile and a half east of the Brule river. 
This rock sets in immediately east of the Brule (No. 221), and forms 
t.he coast nearly continuously. At t.he point where this sa mple is got 
there is a little eastward facing bay, and a gravelly beach, but the 
same kind of rock is found on the east of the bay. This rock is light 
gray under the friction of the beach-gravel, but is hlack with rough 
lichens when washed only by the water. This rock seems to lie under 
the red rock which disappeared under the lake on the west of the 
Brule. It continues to Horseshoe bay, on the west side of which is a 
hasaltic bluff like that on the west side of Sickle bay. In the interval 
between these two bays the rock is occasionally int~rruptecl by short 
re-entrant bends in the coast, where stony beaches largely made of 
the trap of the country are found, but the most of the distance is 
rocky and generally less than ten feet in height. The hluff on the 
west side of Horseshoe hay is 60 or more feet high (V. No. 228). 

There is a high range of hills that run across the head of Dou hIe 
bay, rising apparently from the coast in spurs, one from the west side 
of Sickle hay, and one from the west side of Horseshoe bay. This 
range is short, as it can be seen for only three or four miles. The top 
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is of the rock No. 540, which probably lies under the reel rock ana. 
over the Grand Portage slates and quartzyte. It seems to be the same 
as the basaltic rock that caps the hills of slate and quartzyte along the 
international boundary. The beach at Canllonball bay is of rounded 
stones of all sorts, but a little sandy patch is covered with iron sand, 
derived from No. 54:0 inland. The rock 540 is seen to run below the 
E. Palisades, or the "red rock," so-callec1, judging by the general 
topography and the prevailing trend of all the beds. As the trend of 
540 passes inland, a range of hills rises several hundred feet, extending 
N. E., the "red rock" occupying the low land between them and the 
lake, cut by heavy dykes of basaltic green trap. The Eastern Palis
ades have a short exposure just west of the mouth of Red Rock creek, 
rising gradually up from the water to about 25 feet, arid then breaking 
off square and suddenly on the land side. They extenc1 perhaps 150 feet 
along the coast in this manner, but are wider in a low exposure half 
covered with beach pebbles toward the west, at least 50 feet. The dip 
here is toward the southeast, but at l{ed Point, about a mile ~md a half 
further east, it clips S. 'V., at an angle of 25° or 300

, showing the 
underlying trap again on the east side. Between the Palisade roc\: 
and rock 540 seems to be a firmer trap rock, or rock resembling the 
Two Harbor rock, which appears in the bay east of B,ed Point, where 

, it is cut by dykes. 
The high range of hills that culminate in Mt. Josephine are made up 

largely of the rock No. 540. 
At Grand Portage Island is a section of the rocks just lower than 

the "red rock," which here seem to have been preserved and thickened, 
as well as hardened, by local inflows of tmp. The island itself is elon
gated east and west, but not much. It is rudely elliptical in horizontal 
form. Its highest lJarts are at the eastern end, where the blufls, that 
face north are about 100 feet high. There is a gravel spit that is 
formed by the joint and opposite action of waves from the east and 
west as they whip round the sides of the island, jutting northwest 
from near the l~liddle of the north shore, and from it a shoal ex
tends still further in the same direction. The beach shows foreign 
drift-boulders, as well as many varieties of rock from the island itself, 
among the former being various. porphyries and granites. The only 
piece of· "Winnepeg limestone" found on the "north shore" was found 
on the northwest side of this island, though a fossiliferous piece of 
chert was picked up at Good Harbor Bay. There are also pieces of 
dark, hornblendic rock, anc1 of micaceous schist that do not occur in 
the rocks forming the island, as well as a good many ·fragments 
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of the "red rock." These last are so angular, and also so frail, that 
they seem not to have been far trm{sported. They are perhaps from 
below the water of the lake south of the island, and are thrown up 
and brought ashore by ice and waves. Some of the "red rock" is 
rather sandy, and spotted with light brown spots, like the shale and 
sandrock of the St. :Lonis river, the spots heing pink in the dark red. 
Some of the fraginents are eonfusecl in strncture as if crnmpled, and 
are amygdaloidal; and some are harder ancl porphyritic, resemhling 
the typical Palisade rock. The main heds of the island dip to the S. 
S. E. at a varying angle, and have an exposed aggregate thickness of 
134 feet, viz: 

541. At the N. E. corner of the island a dyke 10 feet wide cuts 
the quartzyte and conglomerate, running E. 100 N. hy needle, without 
displacement of the bedding. It is a very fine-grained black, or hlue
black rock. 

542. A layer of trap like No. 540, which on the east shore is 
basaltic, rising abolilt 12 feet. This is stratigraphically the highest 
rock in the island. __ .. __ .. __ ... _ .. ___ .. _ .. __ ... _ .. _____ . _ 14 ft. 

543. A chalcedonic am~'gclaloid, though the chalcedony 
and calcite amygdules appear specially at the south 
east end of the island, may he. __ .. __ .. ___ . __ . .. 20 ft. 

544. A curious, dark, heavy, glohuliferous trap-rock, dis
integrating readily, the hard globules, which are 
of stony structure (not minerals) and nearly 
black, rolling out like shot, or hullets, and coYer
ing the ground after the rest of the rock has rotted 
to a greenish soil. The rock itself is ehloritic and 

. dark green. This is in a belt et'ossing the island 
east and west, appea6ng some like a dyke, hut is 
in reality probably an overflow like the next un
derlying. Indeed it seems to pass into the next, 
in some places, showing it is only a local phase of 
a larger bed. It is the last to run under the wa
ter at the west end of the island, and at the east 
end it is the topmost rock in the bluft'. Its thick-
ness may be... . . _ ........... _ .. __ . " ... __ . .. 20 ft. 

545. A bed of fibrous green trap, passing through the 
center of the island and forming its highest parts, 

. and also producing a long sloping beach on the S. 
E~ side running under the chalcedonic amygdal
oid. In the center of the island it appears like 
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a burnt scoria or slag, due perhaps to the effect of 
Nos. 543 and 542, thohgh these have been re
llloved in the central part of the island appearing 
now only along the south and southwest shores . 35 ft. 

546. Sandrock, even-grained, rather fine, light colored, 
but of a pinkish and purplish cast, firm and COlll-
pact in regular beds of 10 to 18 inches thick. _ _ _ _ 8 ft. 

547. Another bed of trap, like the dyke No. 541. This is 
sometimes brecciated, or finely and irregularly 
jointed, with white nodules of saccharoidal cal-
ci te _ .... __ . _ . .. _. ___ . _ _. ___ .. __ . ____ . _ . ___ .. 36 ft. 

547 A. -Nod ules of saccharoidal -calcite from 547. 
548_ Quartzyte, sometimes with mica specks between the 

beds, of a dark color, generally striped with red 
and brown, some of the beds being brown-red, 
with thin laminations, and some show ripple-
marks. - _ ......... - -. _. _. -. _ .. - -- _. -"0 _ .. - - .• - 5 ft. 

549. A breccia, or conglomerate-breccia, the cementing 
rock being a quartzyte like No. 548, or arenaceous 
like a grit. __ .. _ . ___ .. _ .. __ .. __ .. ___ . _ ... ____ . 16 ft. 

550. Near the dyke (No. 541) is another which cuts the 
heds, running E. 10° N. This is a little south of 
No. 54:1, and is 34 feet wide sloping a little to the 
north. 

551. Another dyke crosses the S. E. corner of the island 
in direction N. N _ E. by E. and is of a coarse 
doleryte. It is probably due to these dykes that 
the island exists, as by their intersection their ef
fect has been to harden the beds, and to present 
toward the east the apex of a triangle to ward 
off the waves of the severest storms. 

There must be, besides the foregoing, also the following 
nearly associated with them.-although they do not 
appear any where in the bluff soft he island-since 
they are seen in fraglllents on the beach. 

(a). A true pebbly conglomerate, or coarse grit, nearly 
white or of a light color. 

(b). A true conglomerate like (a), but containing pebbles, 
at least crystals, of reel feldspar. 

(c). A conglomerate with few pehbles, hut a green alum
inous, or chloritic cementing material. 
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The true place of these cannot be ascertained, but (a) is 
pro bably near the bottom of No. 546, as well as 
Cb), and (c) resembles the shale and sandrock cut 
by dykes in the bay east of Red Point, (Nos. 232 
and 235), which must be just under the "red 
rock," and so probably belongs near the top of, if 
not wholly over, the foregoing section. Indeed it 
must come, in that case, frolll the lake, below the 
water. 

A generalized section of the alternating beds of the form
ation as they occur along here would be as follows 
in descending order: 

1. The Palisade rock, or the ."red rock." 
2. Green shales, &c., in the bay east of Red Point, (Nos. 

232, 235, 238 and 239). 
3. Layer oftrap like 540 eN o. 542), ___ , ___ , __ , ,,_, , __ ,,14ft. 
4. Chalcedonic 'tlllygdaloid (No. 543), __ , , __ . __________ 20 ft. 
5. Fibrous, green trap striking E. and W. through the 

island and forming its highest parts. In spots it 
is globuliferous with hard, dark, strong, shot-like 
pellets about -!- in. in diameter, (Nos, 544 and 
545), ___ , __ , ___ • , ___ , _______ , • __ • ___ , ___ , __ , " 35 ft. 

6. Even grained sandrock (546) _______________ , . __ __ __ 8 ft. 

4'( 

7. Trap bed, finely and irregularly jointed, with nodules 
of white saccharoidal calcite (No. 547)., , . , __ , _ _ 36 ft. 

8. Quartzyte (No. 548) ________________________ . ___ ." 5 ft. 
9. Conglomerate (No. 549) _______ . ______________ , .. ___ 16 ft. 

10. The rock No. 540, forming the great trap covering of 
the qual'tzyte hills at Grand Portage, 50 ft., __ . " 250 ft. 

11. The slate and quartzyte terraces seen in the hills at 
Grand Portage, generally and along the interna-
tional boundary as far west as the west end of 
Gunflint lake( estimated) .... " _ , _ ," __ . __ . " _ , ,.' 400 ft. 

12. The jasper and iron ore beds of the Misabi, and south
east of Vermilion lake. 

13. The micaceous and chloritic schists and slates of Ver
milionlake and the Dalles of the St. Louis river. 

14. The mica schists, granites and syenites of the region 
north of Gunflint lake, (V. after No. 753). 

This takes no account of the great labradorite range, which in some 
places forms the Mesabi, nor of the iron ore deposits of Mayhew Lake, 
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because they are apparently included in the rock Nos. 258 and 540, or 
in an immense outflow of molten matter at a date somewhat earlier. 
(V. Nos. 695 and 816.) Nor does it mention the conglomerate of Og
ishkie Muncie lake, because that is apparently an incident of the slaty 
and talcose heds included in Sub. No. 13, nor the red granites of the 
region of Brule Mt. because they are probably a modified condition of 
t he Palisade rock. 

Nine dykes are seen crossing Hat Point on the west side of Waus
waugoning hay, cutting the slates and quartzytes near the water, 
running a little northeasterly varying from 3 feet to 70 feet wide. A 
heavy dyke of basalt runs along the head of the bay terminating the 
hay in that direction. It cuts the slates, hardening and solidifying 
them so that their walls, broken and oblique, sometimes stand alone, 
appearing like other dykes. It runs on' into the "Cypress Swamp," of 
Norwood, and appears to be the same that forms little islands in the 
sout,h ann of Pigeon Bay. 

552. Plnnibaginous quartzyte, Pigeon Pt., near the trail to Parker
ville. Sec. 32, T. 64,7. (V. No. 270.) 

553. Quartzyte, near the portage trail, at the north shore. 
The Grand Portage range of hills l:.ps over another as it approaches 

Parker ville, and also gradually dies out, the Pigeon river coming 
through the low spot in the valley between them. The other range 
runs along the north side of Pigeon Bay, in Canada, turning a lit
tle northwest as it approaches Parkerville. 

554. The "Two Harbor Rock," (?) from the east end of the island 
most easterly, separating Washington Harbor from Grace Harbor, on 
Isle Royale. This is more coarsely jointed than the Rock at Two Har
bor, anrl has somewhat the appearance of an imperfectly basaltic dyke, 
hut as it develops a few rods further north it appears as an overflow, 
t least it lies on other trap and amygdaloid. It forms a little boat

harbor where fishing shanties are erected. It is at least a fine-grained 
b1'O"IY11, trappe an rock, and in this section seems to hold no free quartz. 

The south side of Grace harbor is of pebbles and stones, the pebbles 
derived from a red conglomerate that occasionally is seen in the beach, 
hut which in the S. W. corner of Isle Royale is finely exposed. This 
reel conglomerate is coarse, some of the stones being over a foot across, 
and dips for a long distance gently toward the south and southeast. 
On approaching the point in the coast nearly south of Siskiwit bay' 
the dip increases, and stillmore toward the entrance to Siskiwit bay. 
Above the conglomerate appears a red sand-rock, nearly a red quartz
yte, resembling rock No. 548 of Grand Portage Island. This has reguo' " 
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lar bedding, cut into cuboidal or rhomboidal blocks by divisional 
ripple-marked with some softer, shaly or halmatitic laminal, and with 
halmatitic lumps of shale more or less inclosed in the mass of the beds 
themselves. Some of these beds are about 30 inches in thickness, antI 
some are less than an inch. These beds are firm and durable, blacken
ing under the waves like a trap, to which at a distance they have S0me 
resemblance. Its dip, color and bedding recall the red quartzyte in S. 
W. Minnesota, but it is rather less siliceous than that. In the same 
manner, however, it overlies a coarse pebbly conglomerate, which in 
the same way indicates its relations to the red quartzyte of Grand 
Portage Island and of Pigeon Pt. peninsula (No. 290), as well as to the 
red sandrock and shales of Fond du Lac. 

At Grand Portage Island it appears that a trap inflow separates the 
red sandstone and shale formation into two parts, only a small portion 
being below the trap, the greater portion being out in the lake further 
south, while on Isle Royale no such trap overflow divides it. 

555. Red quartzyte or sandrock from Siskiwit Point, Isle Royale (the 
point that encloses Siskiwit Bay). This has been quarried further 
west in the bay, on the south shore, and advertised in Detroit under 
the title "Isle Royale Brown stone," by Buchan & Co., 117 Griswold 
St. West from the point, on the south shore of the bay this rock 
stands out prominently, dipping from 10 to 20 degrees to the south, 
forming a jagged and rocky coast, having a perpendicular rise from the 
water the most of the distance to the first bay on that side. Altogether 
there must be three or four hundred feet in thickness of these beds, in
volved in the l)oint that shuts in the bay, but they actually rise above 
the lake but about 60 feet. The former beds do not lie immediately on 
the coarse conglomerate, but are separated from it by a shale, which 
appears at the point forming the first little bay west from Siskiwit 
Point. This red shale, though appearing rocky, breaks with a sectile 
fracture, into a great many small pieces when str,ick with a hammer. 
It is bedded like the quartzyte, but is intersected by numerous qaslles, 
or gash veins, which are of a very different color, being greenish, or 
greenish gray, and about one-fourth to one-half inch wide and but a 
foot or two in length, running nearly north and south as they appear 
on the weathered surface, though some are irregular in direction and fol
low other cracks. These gashes see;m to have been caused by the change 
produced in the rock by the gases escaping through fissures produced 
by the disturbance of the formation, rising from heated regions below, 
rather than by the downward effect of heat from trap overflows. This 
shale is the most destructible of the whole formation, and probably is 

4 
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mainly the cause of the low swampy land that intervenes between the
head of Siskiwit Bay and the S. W. corner of Isle Royale. The con
glomerate itself is under the shale, and is more durable. 

556. Red, hardened shale, south shore of Siskiwit Bay, as above 
described. 

The same red conglomerate that forms the S. W. end of the island 
also forms the north coast of Siskiwit bay, and is the rock containing 
the copper at the Island Mine, which is near the head of the bay. 

557. Cupriferous conglomerate, from the Island Mine, Isle Royale' 
near the head of Siskiwit bay; this is also argentiferous. 

557 A.-Variety of pebbles from the conglomerate, 43 kinds. 
557 B.-Stamped rock and copper. Island Mine. 
558. Amygdaloidal dark trap, near the stamping mill of the Island 

Mine, Isle Royale. This is near the creek coming through the loca
tion. 

'558 A.-W emerite, from 558. This mineral has the following 
chemical and blowpipe reaction: 

B10U'pipe Reaction of No. 558 A. 

Fuses at 2 or 2.5, with intumescence, 
After fusion gives a quick alkaline reaction when moistened on turmeric paper
Gives no sulphur reaction on silver, 
Salt of Phosphorous bead shows a skeleton of silica. 
H CJ. solntion does not gelatinize. 
H CJ. solntion gives no precipitate with Ba 01. 
H OJ. solution gives slight precipitate with NH4 HO. 
In closed tube, B. B. gives no water or the slightest trace only. 
Fused and moistened with H 01. gives a copper flame. 
80mB fragments effervesce slightly in H 01. 
H Cl. solution gives no precipitate with S. O. 
Hardness 5 or I.i • 

Color, light. lilac-gray, or a pinkish white, or white. 
8tructure, massive, or fibrous and divergent, the rays becoming separated, acicu-

lar, tet.ragonal crystals. 
H CJ. solution does not give titanium reaction with tin. 
Borax lJead is slightly yellow from iron. 
H CJ. solution does not gelatinize even after boiling. 
After fusion the H 01. solution gives no jelly. 
These characters hring the mineral lJetween Wernerite and Cancrinite. The' 

occasignal effervesence allies it with Oancrinite, but its color and the tetragonal 
form of the fine crystals show it to be Wernerite. The effervescence is probably 
due to something attached to the fragment. This mineral is in amygdaloidal cav
ities or irregular openings in the trap, some of the masses being two inches or 
more across. 
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55S B.-In 558 are veins of a green 1'ock which i:> heavy and 
amygelaloielal with what also appears like Wemerite. 

559. Trap that immediately overlies the cupriferous beel of con
glomerate, at the Island Mine. 

560. Trap that forms a bed under the cupriferous conglomerate, 
known as the Gl'eeJ1:;/olle Rallye where it rises to the surface further 
north. 

561. Decayeclrock, or volcanic ash, so-called by Norwood, from 
the cuprji'erpns bed of the conglomerate. 

At the Location of the Island Mine, a beach, apparently formed by 
jamming of ice, is 95 feet aboye the water. The road from the dock 
to the mine runs on it some distance. There are other beaches or 
ridges, lower, some of them running somewhat transversely across the 
intervening space. These are short, and more evidently due to the 
jaulluing of ice. The 95 feet beach is the upper limit of a strictly peb
bly surface; above that the surface being one of loam and gravelly 
clay, or a stony loam, so that there lllay be said to be a soil. Below 
the top of this ridge, as well as wholly over it, there is absolutely no 
soil,-only red gravel and stones derived from the conglomerate, with 
anloccasional out-n'op of the conglomerate itself. . 

The conglomerate slopes southward into the water of the bay aU 
alon/! the shore, but between the shore and the mine several trap 
and amygdaloid beds appear, having a bearing, or strike, apparently 
in the direction of the coast, the whole of them being near the mine. 
The location of the mine is from 250 to 300 feet above the lake, and 
about a mile north from the bay The shafting is in the conglomerate 
rock lying between trap beds, and slopes towards the south with ,the 
dip of the formation. 

There is some coarse sandstone, or grit, disseminated among the 
conglomerate, some beds being a foot in thickness, but fading out to 
the right and left. 

The mine is not now worked (1879) and has not been for a couple 
of years. There is not a man, woman or child here, hut there are 
many houses, stores, shops, and offices, including a Court House, this 
being the county seat of Isle Royale county. Everything is deserted. 
The machinery is mostly still here. The cars, :ohovel, and various 
accoutrements lie simply abandoned. The mills are pedect, the en~ 
ginery for stamping and washing the ore being still on the ground and 
in good condition. 

Toward the east from the dock of the Island Mine the coast is wholly 
occupied by the conglomerate, or by the overlying slate and sandrock, 
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as far as Wright'~ Island, but the beach much of t.he way is formed of 
drift-brought stones. 

562. Trap, somewhat decayed, from a niche in the coast line, 
south of the east end of Siskiwit lake. This is under the sandstone, 
but over t,he conglomerate. It rises from the water with a dip to the 
south. It has involved with it irragular beds of a porpcyritic, harder 
rock, and patches of epidotic green rock. 

563. The porphyry is finer than the porphyry of the pebbles of the 
conglomerate, but it seems possible that these porphyriti~ belts may 
come from a metamorphism of patches of that conglomerate holding 
such pebbles. The trap is confusedly bedded. The porphyry is also 
ainygdaloidal. mottled with green and red-brown, with white calcite. 
At Chippewa harbor beds of sandstone and shale are between beds of 
trap, visible on both sides of the entrance dipping about 35 or 40 ~e
grees to the sout,h. On t.he east side but one bed of sedimentary rock 
is viSIble. It has a thickness of perhaps 75 feet. The overlying trap 
rises perpendicular perhaps 45 feet. A little furt,her west, a trap rises 
from helow the sandrock and shale. and west of that another lower 
heel of fine shale appears in the coast line, the last being about 10 feet 
thick. On the west side, near the entrance, are visible two beds of 
shale and sandrock, altel'llating with trap. The trap contains frag
ments of shale and of angular quart,zyte along a thickness of about a 
foot just over the shale-bed. The trap separating these beds of shale 
seems to be about 120 feet thick. That on the top of them, which 
also forms the coast line either side of Chippewa harbor, is also about 
~OO feet thick, and over that is mnch more sandstone, forming islands 
off the coast five or six miles west of the harbor. Chippewa Harbor 
enters nearly at right angles to the strike of the rock-beds, but after 
pas~ing t.he narrows it turns more southerly and passes along the 
strike behind the bluffs formed by the foreging layers. 

564. A whit.e mineral from the trap at Chippewa Harbor, on the 
east side near the entrance, appears to be the same as the Wernerite 
from the trap at the Island Mine, but it has somewhat the appearance 
of peetolite. In this lot are also some green amygdules which are 
closely associated with the Wernerite in the rock. 

565. Calcite, from a mass on the beach, containing a green radi
ated mineral like prochlorite, also Wernerite, and a little quartz. 

566. From an amygdaloidal bed of trap that disintegrates, near the 
nar;'ows of Chippewa Harbor. These green amygdules appear some 
like chlorastrolites, but they are probably some form of chlorite. 
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They have a radiating, fibrous interior, sometimes several centers in 
one mass. 

The trap-rock of Chippewa Harbor, without expo:;ed sandstone, 
continues to the little bay next south of Conglomerat.e bay, known as 
Lucky bay, where the rock is of the same kinds and probably of the 
same horizon as Nos. 562 and 563. 

567. From ~ucky bay, showing a passage from porphyritic trap to 
non-porphyritic. This porphyry is from the trap of the place, but it 
is in patches, or lenticular beds that are generally less than a foot 
thick, the mass of the rock being porphyritic; but sometimes having 
a few amygdules of green chlorite. The face of the rock shows a 
.spotted surface when water-worn and partly decayed like much of the 
trap of the north shore. 

568. Trap-rock, taken from the Saginaw Mine, near Conglomerate 
bay. 

569. Epidotic rock, from the Saginaw Mine, the same being the 
ore of the vein mined for copper. 

570. Amygdaloid containing calcite, chlorastrolite and chlorite, 
from the rock at the light house at the entrance to Rock Harbor. 

570A. Chlorastrolites picked from the beach at Rock Harbor. 
570B. Green "thomsonites," chlorastrolites, &c., from Rock 

Harbor. 
Conglomerate bay has no conglomerate at the entrance, but toward 

the head of the bay it is found. The trap is crumpled and faulted be
tween Lucky and Conglomerate bays, and dip generally E. S. E. 

At the Siskiwit mine the work was on a vein of epidote and calcite. 
In the islands opposite is a bed of conglolllerate, embraced between 
trap beds. 

571. Samples of trap and gangue rock, from Siskiwit mine, Rock 
Harbor .. 

572. Trap rock from Scoville's Pt., Isle Royale. 
573. Radiated, white, fibrous, zeolitic mineral from the trap at 

Scoville's Point, picked up on the beach. 
574. Trap rock from the extremity of Black's Pt., east end of Isle: 

Royale. 
575. Thomsonites (?) and other zeolitic minerals, from the beach of 

the mainland, north shore of Isle Royale, about two miles S. W. from' 
Lock's Point. . 

576. Prehnite and copper (some attached to the amygdaloid from 
which they come, from the little bay at the east extremity of Fish 
Island \. 
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577. Black oxide of copper, from the Minong mine, Isle Royale, 
attached to a large piece of the rock. 

578. "Stamp ore," showing the nature of the, rock in which the 
copper occurs. 

579. Shows an occasional form of the rock in nodules, also included 
in the "Stamp ore." 

580. Cm'Lrse green amygdaloid, the cavities being filll1d with chlorite 
or with geodic quartz with interior rosettes of chlorite, coated with 
green-the amygdules making up lllore than half of the bulk of the 
whole. It also shows some calcite and some laulllontite. This adjoins 
the copper-bearing rock. 

581. Native copper, from t,he Minong mine, Isle Royale. 
582. Native alloy, and intimate mixture of copper amI silver, Min

ong mine, Isle Royale. 
583. Native copper, with attached crystals of-~) 
584. Battered copper, fonnd ahout the large masses worked by the 

ancients. 
585. Stone hammers used hy the ancient miners at the Minong 

mine, Isle Royale. These are generally rounded or oval pebbles of 
fine basalt, eyiden tly transported from the north shore of the lake, 
where they got t.heir form hy the action of the waves on the beach. 
They are not withed". They are found in the dehris about the old 
pits 

586. W ooel, found in the ancient dumping heaps. 
At Silver Islet the shaft in 1879 was 720 feet below the level of the 

lake. The vein runs abont N. and S. in the slates and quartzyte of 
the region, and varies from almost nothing towards t.he north to ten 
or twelve feet in its greatest width, which is where it ilitersects diorite 
dykes running N. E. and S. VV. (said to be E. and W.) The dyke is 
set off where the vein crosses it, the east side heing further to the 
south than the west. The richest deposits are nettr the intersection of 
the vein and dyke, and are accompanied with plumbago which has 
Reggregated from the organic matter contained in the slates. The 
gangue· rock is a breccia of slate, filled with calc-spar and quartz, 
though mainly cale-spar. The silver is native and is disseminated 
through saccharoidal calcite. It is also found in the galena, but in 
general the galena is discarded. There are also hlende and pyrite. 
This silver has been lately found combined in new forms with arsenic, 
antimony, &c., &c., creating new mineral species-Huntilite and 

if. SC'e the Pupulal' S(~ip.lIce llfonthly for SeptemUel"l 1881,1"01" :tn account of tlie!::'e ancient minel'!ol by 
the\\Tller. I 
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Animikite. The vein seems to have been enlarged in passmg tIll'>' 
dyke and charged with these minerals. The work is now being pushe(l 
north and south, in hope of striking other dykes. In the vein are larg r>, 

-spar-lined cavities in which gas accumulates, (carburetted hydrogen) 
which has caused some trouble from its slightly explosive character. 
Water gathering in the mine is strongly charged with some ga~, 

probably the same, but at the bottom of the mine in the "diorit0" 
rock, no water accumulates, and it is necessary to carry down watl',' 
to serve the drill which is driv.en by compressed air, the same; 
operation ventilating the shaft. The great deposits of native silver 
have been in near connection with the dyke, and the large caviti0s 
with calcite and galenite are in the same way related to it. Th,>, 
plumbago is along the hanging wall, and is closely connected with the 
"diorite" of the dyke-indeed is permeated sometimes with igneous 
rock matter. 

587. Calcite and galenite masses with crystalline point,s lJ0rfeet. 
The galenite here is in octahedrons instead of cubes. 

588. Mass of octahedra of galenite, Silver Islet. 
589. Plumbago, Silver Islet. 
590. "Diorite," from the bottom of the mine, Silver Islet, 720 feet 

below the level of Lake Superior. 
59l. Saccharoidal spar, which is the gangue-rock. 
592. Cemented breccia, from the vein. 
'593. Igneous rock, from the vein. 
594. Slate, that incloses the vein. 
595. Cores of the diamond drill, Silver Islet, 
596. Stamp ore, with saccharoidal, flesh-colored calcite. Silver 

Islet. 

596 A. Runtilite, from the Silver Islet mine, an arsenate of silver, 
antimony, cobalt, &c. (Wurtz.) 

The following general section was taken at Silver Islet Landing. 
Some of these beds are seen only at a mile or two north from the lake .. 
It is given in descending" order. 

(1.) Mottled, red-and-bluff, fissile shale, checked and 
crumbling into small angular pieces; below con
glomeritic and lighter colored, siliceous limestone 
and chert predominating, ashy and loose. ___ . __ . 40 ft. 

(2.) Light-red dolomitic sandrock, some parts being red 
sandrock, weathering generally of a light color 35 ft. 

(3.) Siliceous conglomerate, with rounded pebbles...... 5 ft. 
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(4.) Greenish, weathering dark, fissile sandrock, appear~ 
ing at a distan.ce like thin-bedded slate-really 
fine-grained and aluminous, apparently the top of' 
the slate and quartzyte in which the silver occurs. 
The transition is gradual from a hard quadzyte 
and slate, near the bottom, to an arenaceous slate, 
through a greenish color which is first brownish 
and then reddish, thus getting the color of the beds 
higher still. Seem .. _ .. __ .. __ .. __ ... __ . _ .... _. 55 ft. 

Seem totaL ........ __ .• __ .. _ ... __ .. _ .. _ ... 135 ft. 

There is, presumably, slate to the thickness of about 50 or 60 
feet more, hid by tubes. The above are all conformable, so far as can 
be seen here, and are cut by "diorite" dykes running to the top. 

597. Fissile, mottled red-and-buff shale, from No.1 of the forego
ing section. 

597 A. Siliceous and cherty, with calcareous nodules, from the low
er, aud conglomeritic, portion of 597. 

598. Light-red dolomitic, sandrock, compact, mixed with red sand-
rock, from No.2 above. 

599. Siliceous conglomerate, from No.3 above. 
599 A. Pebbles from 599, water-worn. 
600. Greenish fissile slate, from No.4 above. Aluminous and fine

grained. The samples are rather too quartzose to fairly represent 
the bed. They are from the lower portion. The higher beds are 
softer. 

601. Coarse porphyritic "dioryte," in a dyke running parallel with 
and contiguous to and passing into 

602. A fine-grained dioryte, in the form of a dyke. The interval 
of transition is perhaps two feet wide and the crystals of feldspar are 
scatteringly disseminated through it on the south side, and wholly 
disappear on the north side. They run in the same direction as the 
dyke on Silver Islet. The whole is 45 feet wide, but is evenly divided 
between Nos. 601 and 602, from about a mile north of the "Landing" 
at Silver Islet . 
. Pigeon River Falls are formed by the range of hills of trap that set 

in near the head of ~W auswaugoning Bay. The range is an immense 
dyke cutting the slate, and continues ·east so as to make the peninsula' 
that separates the bay into North and South Arms, but undulates up 
and down. It is in one of the downward undulations that the falls 
OCcur. Probably more of these hills than has been supposed, are 
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simply dykes piled up OTer the fissure when the rock was molten, some
times flowing over. Hat Point and Mt. Josephine are thus dykes. 

603. Porphyritic dioryte, such as covel' the hills of quartzyte and 
slate at Pigeon Pt. From the extremity of Pigeon Pt. (V. No. 291.) 

604. Black, fine-grained, hardened slate, from south of the dyke 
eN o. 605) on the point next east of the little bay where the portage 
passes over Pigeon Pt., on the south shore of Pigeon Pt. The portage 
is 87 paces over, from the top of the beach on the s~)Uth side to the 
same on the north side, and passes wholly over moss-covered, loosened 
fragments of rock. 

605. Dyke-rock, cutting the slates and quartzyte, 35 feet wide, at the 
bay where the little portage crosses the point. 

606. Rock of the surface next north of the dyke, in contact with it. 
607. Modification of the quartzytes next 11 orth of the dyke, and un

der No. 606, fine-grained quartzose syenite, some of it not showing or-
thoclase. . 

608. Fine-grained, reddish quartzose syenite, a modification of the 
quartzytes, under No. 606. 

609. Similar to the last, but further from t,he dyke No. 605. 
610. Similar to the last, but more red, further from No. 605. 
611. Hed, fragile syenite, a further modification of the rock under

lying the rock No. 606, and furtl~er within the hay. 

612 .. A further modification of the same beels or underlying heels, 
from a few feet within the bay toward the portage trail, northwest
erly from 604. This is evidently mingled with igneous matter, though 
having a slightly red color. There is a fine cross-joint age in 610 and 612 
that resembles that of some igneous dykes, but this is not anywhere 
seen. 

The relations of 607-612 to the dyke and to the quartzyte cannot 
be stated positively, for the whole situation is confused, yet the posi
tion of the beels from which they are derived is such that they would 
succeed each other in descending order. No. 60-1- seems to be the 
quartzyte hardened. It forms a surface sloping to the lake. It is cut 
by No. 605, but as 605 rises five or six feet above the lake it comes in 
contact on the north side with 606, which, while so situated as to be 
the apparent continuation of 604, has a very different lithology. It is 
much like the rock 603, at the extremity of the point; is coarser-grained 
than 604, but has free quartz and horn-hlende. No. 606 overlies the 
numbers following to No. 612. These last cannot he said to come 
exactly in the order numbered, but probably do approximately. The 
layers are in strata and dip S. or S. E. weathering out thin-hedded. 
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The samples did not come from successive beds, but rather at increas
ing distances along the beach, somewhat descending in the strata. 
The fragile parts (Nos. 611 and 612) are at once followed by the pebbly 
beach where the portage trail passes over to the north side. These are 
piled in successive steps upon each other to the height of 15 feet, and 
continue across the bay. It was doubtless owing to the occurrence of 
these soft beds, which rot and chip up, under the water and ice of the 
lake, that the hreak-down in the peninsula exists here. 

613. On the west side of this little bay the point consists of rock 
like some of the rock on t,he other point (607-612), but is hard and 
firm. It has a resemblance to the plumbaginous quartzyte (552), but 
with the naked eye no plumbago can be detected. 

614. N ear the point a dyke cuts this rock, blackening and harden
ing it. The dyke seems to dip N. E. so as to stand at right angles to 
the clip of the quartzyte, and the north wall is very distinct, the dyke 
having been torn away by the lake. 

615. Rock of the ahove dyke. 
Thi" dyke, which is 12 feet wide, has not the direction of that 011 

the other point, but rnns out into the lake S. E. while that on the 
other point seems to run into the bay, lying to the north of this. 
These dykes each point toward a hill of quartzyte near the coast a 
short distance west,. 

616. Further within the bay, on the west point, the rock bhlfi' fac
ing east is reddish and mottled, like much of that on the other point. 
Sometimes the prevailing color is red, and sometimes green, but the 
colors elo not appal'f~ntly change in any observable regularity, or in 
accordance with the strata. By far the grt'ater portion on the west 
point is red, while on the east point a green color is more common; 
hands and veins of reel run through the green, ~r vice versa. 

The two dykes mentioned at Little Portage bay converge toward a 
hill near the f)outh coast-indeed the rock forming the point (613) 
seems to rise and culminate in this hill, though the hill is at last sud
den in ascent on nearly all sides. It is about one-half mile west of 
t,he portage. 

617. From near the hase of ·the hill mentioned, a reddish gray 
quartzyte. 

618. Gray quartzyte, from the top of the same hill. This hill is 
with the exception of that back of Clark's Bay, the highest on the 
peninsula, and consists of metamorphosed, highly inclined, basaltified, 
gray quartzyte. The softer beds that allow of the narrows in the 
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peninsula form a belt of low land running north of this hill, and strik
ing the north coast N. W. from the hill. 

There are four principal elevations on the peninsula. 1st. East of 
the narrows, forming a basaltic bluff perpendicular from the water on 
the north side of the point. 2nd. The quartzyte hill near and west 
of the Little Portage bay. 3rd. Hill at the head of Clark's Bay, 
north of it. 4th. The hill range cut by the Parker vein Of these 
the third is the highe~t, being about three hundred and fifty feet above 
the lake. 

619. From the same hill as No. 618, on the south side where the 
structure is basaltic. 

This quartzyte assunies forms, structures, colors and positions t.hat 
give it a very great resemblance to igneous rock. It is often finely or 
coarsely basaltic (at least cut by numerous N. and S. parallel points), 
and sometimes rises suddenly to the height of over one hundred and 
fifty feet. It is dark gray, greenish, red, hlack. It is glohuliftrous, 
or at least disintegrates in a rough or cavernous manner somewhat like 
trap rock. It is porphyritic, with feldspar. These characters do not 
combine, but occur separately, and it can hence generally he identified. 

620. Rock of the E. Palisades (V. No. 230). This rock is red on 
weathering under friction, but, being coarsely fissile, or shaly, cut by 
innumerable seams, it rarely fractures freshly hut ],arts into small 
augular pieces by a blow from the hammer, showing only greenish 
coatings in the seams. Its true fracture is ragged. This rock has fine 
translucent grains of quartz resembling those of the Great Palisades 
and a general outward resemblance to the rock of the Great Palisades. 

621. Thomsonites (?) &c., from a short beach at Lover's Bay. The 
trap that encloses this bay is clark, but slightly greenish, and amyg
daloidal with Thomsonites and Wernerite. They are few and dull in 
color. They are generally ofa pink color, or massive and white. 
(See after No. 192.) 

622. Stilbite, thomsonite, calcite &c.; mouth of False Poplar river. 
623. Dark, greenish trap, forming the upper layer of the point that 

encloses Ecl~se beach on the east. This is two and one-half feet thick, 
not amygdaloidal, but very chloritic from decay. 

624:. Laumontitic amygdaloid, lying below No. 623. This has 
some stilbite and some thomsonite. This bed by easy disintegration 
forms two small harbors, one protecting from the N. E. and one from 
the S. W. The beach of the west harbor is of gravel, and has many 
thomsonites, but t.he east harbor is entirely rock-bound. This bed is 
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about eight feet, but varies some, as the characters of No. 623 fluctua.te 
up and down. The general color is a dull red. . 

625. Greenish trap, having much thomsonite, pro chlorite and some 
stilbite. From this bed the thomsonites of Eclipse beach weather out. 
Some of the masses of thomsonites are three or four, or even ten 
inches across; but in the case of large masses the mineral lies rather 
in sheets, with radiating points on the upper ~tnd lower contact sur
faces. Some large masses two inches across also have two or three 
points of radiation. When polished on the beach the pieces which re
sult from the destruction of the large masses are prismatic, but tllere 
are also many round and oval which have not been broken on separa
tion from the rock. These show the circular radiating results of dif
ferent colors on the outer surfaces ~~hen polished on the beach. The 
colors are pink, red, white and green,-at least the same green mineral 
is found here, always smaller than the other thomsonites, as is found 
at Terrace Point. This green mineral often surrounds the pink and 
white radiating masses of thomsonite. It is itself not evidently radi
ated, and the radiations of the thomsunite penetrate it. 

This rock is very nearly, if not exactly, on the same horizon as the 
trap at Terrace Point, judging from the run of the beds, as they extend 
along the coast from that place. The same horizon extends to Poplar 
river without much deviation. Some thomsonites are to be seen on 
the beach at Poplar river. The thickness of No. 625 cannot be made 
out, as it forms the coast-line eastward. (V. No. 187.) 

625A. Thomsonites, picked from the rock at Eclipse Beach. 
625B. Thomsonites, picked from the beach at Eclipse Beach." 
626. Reel laulllontitic amygdaloid, from about mid-way between 

Poplar and Temperance rivers (Nos. 177 and 178). This is in regular 
beds, of a few inches,· or less than an inch, lying like a sedimentary 
rock. The general color is pinkish-red. These specimens may repre
sent the reel amygdaloid of several miles along here, even from Poplar 
river, though the sedimentation is not so plain in all cases. Over 
them here is a heavy bed of trap, massive or coarsely jointed. This 
trap hed forms arched purgatories, and tables extending over the lake, 
where it extends down to the water, the amygdaloid beilg eaten out 
by the lake. Occasional thomsonites occur here on the beach. 

From two or three miles east of Temperance river to about half way 
to Poplar, is a very picturesque and interesting, but difficult coast. 

*This is called Eclipse Beach, because in 1878, in the latter part of July, our boat was driven in here 
by. high wind, and during our enforced stay in the afternoon, the SUll was eclipsed about half all hour; 
Bemg compelled to spend the night here, our camp was pitcned on the blu/l' and between the twO 
harbors. 
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The trap and amygdaloid form a thousand fantastic shapes, as the line 
of the lake level cuts across the undulations of their bedding and 
change of dip. Sometimes the bridge of trap rock, produced by the 
eating away of the soft underlying amygdaloicl, runs intact down to 
the lake, forming deep reverberating purgatories in which by the con
finement and compression of pockets and chambers of air, the waves 
that close up the entrance are thrust back quickly again. Sometimes 
the bridge breaks down, leaving islands of rock just off the line of 
coaflt. Sometimes bridge, islands and all are taken away, letting the lake 
break on the base of the high bluff rising often perpendicular from the 
water, or skirted by a narrow pebbly beach, a few rods inside the line 
where the islands had existed. The effect of wave-and-frost-action on 
a line of stratigraphy of alternating hardness could not he more per
fectly illustrated. 

627. Dark trap, forming an arched rock at the shore three-fourths 
of a mile west of Cross river. The eroded bed is one of two feet thick
ness of stilbite-thalite-laumontite amygdaloid, which lies on a firm 
hed of trap having thomsonite and stilbite with less thalite. 

628. Basalt; mouth of the Manitou river. At this place a hout 
thirty feet of trap that shows red surfaces in falling to pieces, lies on 
an amygdaloid conglomerate, the two together forming precipitous 
bluffs on either side of the river, with lower stretches where the trap, 
which is basaltic or semi-basaltic, runs unbroken down to the water. 
This kind of coast runs east at least to the point west of Pork bay and 
west to Little Marais. (V. No. 160.) 

629. Conglomerate, from the mouth of Manitou river. The con
glbmerate is crumbling, soft, red, amygdaloidal, the form and original 
structure of the pebbles being obscured or lost in the metamorphism. 

Over this conglomerate at Manitou river the trap. (628) is basaltic. 
Along the coast it greatly resembles the Grand Marais trap. The 
basalt is bedded, or at least jointed in the direction of the dip, so 
that the colp,mns break off in pieces a few feet long, leaving a smooth 
surface below, but one on which the outlines of the tops of another 
tier of columns can be seen, and which is itself broken away at a 
lower level, so as to disclose another tier still lower. Thus in succes
sive benches, or tiers of columns the bluffs ascend somewhat irregu
larly from twenty to eighty feet. Sometimes one of the lower tiers is 
not broken, but like a dome rises gradually from the water and runs 
under one of the upper tiers. This regularity is not the invariable 
form of the breaking away. Instead, a very rough surface, caused by 
the separate and individual fracture of the columns all over, some-
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times runs down to the lake level. This is the case in approaching 
Little Marais from the east, where at the point the whole range of 
trap strikes southwardly into the lake and disappears under the water, 
forming a ragged, rocky point, and letting the coast line on to the con
glomerate, which is but little seen, the only exposure being just at the 
point on the west of the strike of the trap. 

630. Green, chloritic trap, from two miles west of Little Marais 
Point, forms perpendicular bluffs. 

631. Green chloritic amygdaloid, from the same place. 
631A. Red, compact, rock-like veins in 631. This red rock, which 

seems to be foreign to the rock 631 in which it appears, is found em
braced in veins with stilbite and calcite. 

West from Little Marais beach, the first little point is formed by a 
trap exposure which probably lies below the conglomerate. This con
tinues west under a stony beach for a mile or so, when, with a high 
dip, it begins to show more and more, and finally to make a continuous 
bluff twenty to forty feet high. This trap (630) has a very different 
aspect from the Little .Marais trap, being green instead of red, the 
amygdaloidal portions also being green. It contains stilbite, calcite, 
chlorite, (thalite) and some thomsonite. This trap and amygdaloid 

'are bedded, but not basaltic. Running through it are seams, one and 
two inches wiele, (631A.) which are made up of layers of stilbite and 
a red rocky substance that resembles the rock Nos. 7 and 42. On the 
beach are amygdules of quartz and thomsonite. This rock, taken all 
together, much resemhles the rock "at Eclipse Beach, and perhaps, if 
the horizons could be compared, it would prove to be synchronous in 
ongm. 

A little further west, as Nos. 630 and 631 rise above the beach, a 
reddish amygdaloid is hrought into view, which OIl! close examination 
proves to be a conglomerate. This rises, as the anticlinal bend of the 
trap passes inland so as to"show ahout thirty-five feet with purgatories 
in a perpendicular hluff. Under it soon appears another trap which 
also rises in anticlinal, is hroken away by the action of the lake, and 
discloses in an eastward facing bluff a lower conglomerate bed of UD:

known thickness. This anticlinal covers about a mile and a half. 
The heds return to the lake again at the headland about one-half mile 
still further west. This is on Secs. 29, 30 and 31, T. 57, R. 6, about 
three miles west of Little Marais. 

632. Trap, from a point of rock on Sec. 29, T. 57, 6, separated 
from the green trap 630 by a conglomerate thirty-five feet thick. This 
is red in l~lany spots, on account of the red partings along all the 
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joints, styled heulanditic by Norwood. It is crossed by red siliceous 
seams about one-half inch thick, and has large lumps of q\ULrtz and 
geodes. These red veins resemble the red vein material of 631A. but 
not so abundantly accompanied by stilbite. Thickness 12 feet. 

632A. Siliceous, jaspery seams from trap No. 632, frolll a point 
about one-half mile west of where 630 appears. 

632B. In the same beds of 632, or which at least contain 632A. are 
siliceous geodes, lined sometimes with amethyst, and a great, many 
agates. These are in a bed but little above a conglomerate, and seem 
to have been derived from the fusion and dissemination of the material 
of the conglomerate, the same cause doubtless as filled the siliceous 
veins of 632A. In some geodes the central mass is laumontite. 

633. Thin, irregular beds of trap, immediately under 632, contain
.ing red amygdules. 

634. N early the same as 633, but underlies it; this seems to be n 
heulandite amygdaloid. It is near the top of the conglomerate. It 
also contains agate, stilbite, laumontite and chlorite. The red cont
ings and the heulanditic characters prevail along the red seams that 
cross and re-cross the rock. In some cases the red mineral penetrates 
the whole and is disseminated generally through the mass in the man_ 
ner of amygdules. 

634A.. Amygdules of "heulandite," and of agate, stilbite and chlo
rite, picked from No. 634. 

634B. Stilbite crystals from 634. 
635. Greenish, rather soft, fine, sub-crystalline, compact crumbling 

rock, containing siliceous nodules. At first this polishes under the 
friction of the waves, but after long exposure it crumbles from the 
abundance of chlorite. It lies under No. 634 and also has heulandite 
in the upper portion. Nos. 633-35 have a thickness of only three or 
four feet, and are variously affected by proximity to the conglomerate. 

635A. Stilbite amygdaloid, containing also agatized nodules, jas
per, &c., lying below 634. The heulandite material coats the amyg
dules and all seams and joints; contains some chloritic amygdules. 

Beginning with the Little Marais trap bed the succession downward 
appears as follows in going west along the coast: 

1. . Little Marais trap, Nos. 160 and 628 .. _ .. __ .. __ . _ ... __ . 30 ft. 
2. Amygdaloi~al conglomerate (No. 629). ___________ . ___ . 50 ft 

3. Green trap, (two miles west of Little Marais, Nos. 630 
and 636, _______ . ___ .. __________ . _______ .. ___ . _ . __ . 50 ft. 

4. Crumbling conglomerate, amygdaloidal, seen __ .. _ .. _ .. _ 35 ft. 
5. Trap, withheulandite(No. 632)_ .. __ .. __ ... _ ...... _._ 12ft. 
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6. Trap, amygdaloidal with heulandite ( ?) eNos. 633-4-5, -- 5 ft. 
7. Amygdaloidal conglomerate. Thickness unknown. 
636. Samples of red granite; resembles the red granite at the west 

point of Beaver Bay, but is coarser than that. At a dista:m.ce this is 
apt to be mistaken for the Palisade rock. Sec. 1, T. 56, 7. This 
makes a high point, with a perpendicular face toward the S., but there 
is only a small area of it in the formation. (Y. No. 157). This rock 
passes by slow changes into the Palisade rock. It appears at anum· 
bel' of other places along this part of the shore. (Y. No. 643.) 

637. Feldspar rock, Beaver Bay, at the west point of the bay, (V. 
No. 120). 

637 A. A light flesh-colored mineral, with a radiated structure, in 
scales filling seams in No. 637. The scales are generally about one
fourth inch thick. but are sometimes one-half inch. 

638. Rock at the base of Encampment Island, from the north side 
of the island, (same as 106). . 

639. Green, heavy doleritic trap, coarse-grained, from the high 
bluff about a mile east of Silver Creek. (Y. Nos. 105, 819.) 

640. Two Harbor Rock, separated from No. 639 by a red amyg
daloid, eighteen to twenty feet, as at Two Harbors; at the water level, 
under the hill formed by 639, about a mile E. of Silver Creek. 

641. Trap amygdaloid, Knife river, grayish green, containing 
thalite and chlorite. (Y. No. 91.) 

From Grand Marais to Oyishkee Muncie Lake, and Mouth qf Poplar 
River. 

The hills that lie near the mouth of Silver creek, and that extend in 
a chain N. E. from here, are the first of that form and outward aspect 
similar to the Mt. Josephine class, that can be seen from the tug-boat 
in going down the shore from Duluth. 

The range next east of Carlton's Peak has the same outward form 
but Carlton's Peak itself is different. Between Carlton's Peak and 
Poplar river are four prominent hills, rising about as high as Carlton's 
Peak. West of Carlton's Peak for a long distance, is an unbroken 
line of continuous high land, but further west still is a very ragged 
range of hills. 

East from Poplar river are two gentle swells of high land at once; 
then the high land is more even-topped, gradually descending to the 
coast at Cascade river. The range appears double at Poplar river, a, 

high hill farther inland overlapping the gap at both ends. The same 
is true at Cascade river. 
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In passing toward Grand Marais some of the hills, which do not 
from the S. W. show any semblance to the saw-teeth structure, 
change their profile, and fall into line as parts of the regular range. 
The range thus runs to Grand Marais, where it seems to fall away, or 
to recede from the coast. 

The appearance of the hills suggests tJUtt the Silver creek range, al
ready mentioned, having the outward appearance of those at, Grand 
Portage, is of the same geological structure, and that the range east of 
Carlton's Peak, extending to Grand Marais, may he of another geolog
ical age or formation. 

On the road from Grand Marais to Rove lake there is fir:-;t a gradual 
ascent, with some flat spots, to "the summit," which is reached at 
about H miles from Grand Marais, where the aneroid shows 785 feet 
above Lake Superior. There is then an undulating ascent, or flat 
surface, to near the valley of the stream crossing Sec. 9, T. 61, R. 1 E. 
when there is a descent of about 40 feet over drift, to the creek, which 
is by aneroid 838 feet above Lake Superior. The valley here is hroad 
and shallow, without any rock-euty. The country thence is undulat-

, \ 

ing, wit.h good soil and sub-soil, and rather light timber, to the E. and 
W. town line, where there is a short swamp, but on the other side of 
the town line good farming land again returns. The whole distance 
from Grand Marais, along this road, is a tract generally tillahle, even 
,the hillside up which the tract runs. The underlying rock, in the hill 
,'Jeems to be the Palisade rock, probably with igneous rocks in dykes 
,and overflow, but north of the hill the red rock returns again, as may 
be, presumed from the occurrence of loose pieces of the red rock, and 
its shingle, occasionally on the trail. The rock in actual outcrop is 
not to be seen on the trail between Grand Marais and the E. and W. 
town line mentioned. 

From the town line north to the Devil's Track river is about a mile. 
This stream is a little larger than the other, hut has a similar valley. 
There is no rock exposed at the crossing of Mayhew's road to Rove 
Lake. The valley is in the drift, but mOlOt of the stones are from the 
red formation-either real Palis3de rock, or red granite like that seen 
east of Beaver Bay and at Beaver Bay (V. No. 665). 

Along the same road toward Rove L,ake, north from the crossing 
of the Devil's Track river, the red rock continues to form the basis of the 
oountry, as shown by the fragments of such rock along the trail, and 
where trees have been thrown down by wind, to about H miles north 
.of the town line where a belt of coarse dark trap appears, extending 
--;;:rhe .llrveyor's plats here erroneonsly extend the steep blnffs of rock along both sides of the river. 

5 
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• 
perhaps 20 rods, when the red returns for one-fourth mile. Then an-
other belt of coarse trap-rock like that in the Grand Port~ge region 
follows for about 20 rods. The general surface is not rough, but un
dulating. It is covered loosely by a loam, or mold, which supportS' 
trees to a certain size. They are generally blown over and afterward 
consumed by fire which also hurns up the soil. There IS not much. 
drift. 

At the center of T. 62, 1 E. a little knoll of dry land occurs in the 
midst of a swamp. Here the rock is coarsely crystalline doleryte. At 
a short distance further an amygdaloid appears, and the "Two Harbor 
Rock," so-called in these descriptions. This last appears soon after 
passing a little creek; but the country is in general a swamp, with 
carihou trail in soft wet moss running among the spruces and tama
racks. The surface is closely underlain by the rock in situ or by frag
ments which are lightly covered by the moss or by a vegetable mold. 
Among fragments of the "Two Harbor Rock" (and occasionally the 
rock in place) are to be seen also masses of igneous, coarse-grained 
rock like that overlying the 'Two Harbor rock. 

642. From about one mile north of the center of T. 62 N. 1 E. on 
Mayhew's trail. This red rock here which appears as a fine red syen
ite forms an escarpment ahout 15 feet high, mostly hid by the trees 
and moss, facing N. N. E. This is not wholly red within, though it 
weathers red, but is a reddish-brown, and has red crystalline specks 
scattered through it. It is in heavy, hard layers, and does not shatter 
into angular small pieces like the red rock. It contains free quartz. 
Toward the south the land is higher than this bluff, but the bluff over
looks immediately a swamp, and a creek, toward the north. Toward 
the west this escarpment rises into a hill 75 or 80 feet high. At the 
foot of the bluff is the rare feature of a foreign syenite boulder .. 

643. In the northern tier of sections in T. 62 N. 1 E., where the 
trail crosses them, is a hill range 100 to 150 feet high, with white 
pine, birch and white cedar, of larger dimensions than in the lower 
land. This range is composed of a red rock very much like the last 
number, approaching the character ,of the red granite seen east of 
Beaver Bay eN o. 636). Many boulders of such rock are in the road 
before reaching the hills, and more in ascending them. There are a 
few also of the gray slate and quartzyte, and some of the Grand Port
age igneous rock; nine-tenths of them, however, are of this "red 
granite." 

644. The top of this hill, however, consists of igneous rock. This 
is not certainly in overflow. It may be as a dyke protruding through. 
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No. 643. East of the Mayhew trail, following the town line between 
towns 62 a.nd 63, the land rises in a ridge perhaps 200 feet above the 
country further south. The ridge runs about E. and W. covered with 
heavy forest, and formed ot "red granite." This sample cOJ~tains 

quartz and orthoclase, and is not a true igneous rock. 
This range of hills, composed of this red rock, appears like a range 

of upheaval, and finally the country becomes wholly hilly. 
645. "Hed granite," like 6.42, from this hill-range, S. W. :l: Sec. 35, 

T. 63, 1 E. on a little creek. This rock seems to be the result of 
higher metamorphism of the eoast-linc red roek, or the Palisatle rock. 
The ehange seems to have been gradual. \Vhile but little of this rock 
is encountered along the lake shore, it here constitutes the rock of the 
country, and rises into considerable hills. This difference of crys
tallization must be due to greater nearness to the seat oJ upheaval and 
heat, which' would not be in consonanee with the opinion expressed 
by Messrs. Bell and Logan, loeating the belt of greatest disturbance in 
the bed of Lake Superior. It seelllS rather to be hack in the vein of 
the lake-basin. Most of t,he rock is like this numher, hut there is also 
much like No. 644, ·in large lllasses that fall from the hills, and that 
lie on the tops of the hills. It is difficult to separate 644 from 645. 
It seems to be due to a mixed condition of matter from the sedimentary 

. and from the igneous rocks, or perhaps to a complete fusion, and flow
ing in igneous form, of' the same rock. 

These hills are from 1,000 to 1,200 feet above Lake Superior, and 
from 100 to 150 feet ahove the surrounding country. 

646. "Red granite," S. E. COl'. T. 6:3, 1 E. 
647. Red rock, like 643 and 645, making hills in N. W. cor. T.62, 

2 E. and N. E. cor. T. 62,1 E. AS:-lociated with this red rock in some 
way not ascertainable on account of the prevalance of surface mold 
and bushes, is found the next. 

648. This is a darker rock, containing quartz, orthoclase, pL,lgio
clase, hornblende, magnetite, viridite, apatite, h<lving somewhat the 
aspect of the Grand Portage trap hills, but not it,.; mineral composition. 
It may be only a local irregularity in t.he lit.hology, as i:iuggested under 
No. 645, or due to H profound metamorphism of other sediment:lry heds 
having a different composition Ol'igimlly. There is abundant oppor
tunity for this latter hypothesis, because under the red-rock which is 
supposed to make by further crystallir,ahon the red granite, is an im
mense thickness of black slates Hnd quartzytes, as seen in the peninsula 
of Pigeon Point, the strike of which must pass westwardly through 
the country north of Grand Marais. If the uphedval and metamor-
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phism of the red rock, which t.ook place after its deposition, also dis
turbed with the same long-continued effect the underlying quartz
ytes, they would be deeply metamorphosed also, and would produce a 
rock different from a trilly igneous rock, and from the overlying red 
granite. This is also fnl·ther probable from the observed conformity 
between the red rock, or red quartzytes at least of Pigeon Point, and 
the underlying black slates and qnartzytes. But at present Nos. 644 
and 6l8, and other rocks like t.hem from the same region, may be con
considered undetermincd, though with a probability of an original 
sedimen tary j::omli tion. 

649. Sample of the rock scen in loose pieces along the trail going 
N. between' Sec. 86, T. 63. 1 E. and Sec. HI, '1'. 68, 2 E. A high hill 
runs along the east of the trail, t.he trail being west of' the town line. 
This is a reel syenite, but with much magnitite and hornblende. 

65,). Another sample of dark dioritie rock. This is so abundant 
Lat it must be in place near, bnt cannot be seen. 

6;')1. l\Iagnetitec1 c1ioryte, from boulders. seen along the sallle trail, 
twenty to thirty rod" north of the last. This same rock forms a hill 
along the right of the trail. This resembles the Herman iron are (No. 
514), hut it seem:'; also assoeiatea with the dark rock No. 64:1: and 648, 
whieh is regarded as originally a sedimentary rock. 

Aeross the creek which paSf-\es north llear the town line where this 
iron oeeurs, is ~tnother hill made of the same rock showing a pel'pen- . 
dicnlar wall facing K ri~ing abont fifty feet, viz. : 

652. Dark, heavy dioryte (?) with magnetite, from a point about 
one-fourth mile from the Brnle river, and half a mile west of the town 
hue. 

658. Red roek, from the Brule, some west of the town line. This 
rock still prevails, thrown up by hees. 

But irnlllf'(liately across t.he Bl'l1le, on the t.own line, between it and 
the heael of Elephant. lake, is a low range of trap hills, of the kind 
charact.eristic of the Grand Portage district.. This rock here rises in 
domes, and the rock it lies on cannot be seen. Yet on the south side 
of the Brule it apparently lies all the red rock, rising in the hills and 
rangei3 higher than this. It is coarse, and not so much magnetited as 
the rock No. 652, south of the Brule. 

North and west of the Brule, the country appears, viewed from a 
burnt knob of this trap, qu}te hilly, and apparently the beginning of 
the broken surface seen along the boundary. 

Also 'west, in the next town, north west from here, are seen some 
high hills. 
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About one-half mile north of the north side of Elephant lake on the 
town line, large pieces of the slate and quartzyte formation begin to 
appear, with boulders of the trap last mentioned. The country is 
more nearly level, but covered with tamarack or spruce in the swamps, 
and white pine, tamarack,white cedar, poplar, white birch, and moun
tain ash, on the ridges or highf'r flats. 

A little further on, howevt>r, are many pieces ot' the red rock on the 
banks of a little creek running west. and as they probably wonla not 
have been transported north, hut t,he quartl':yte and slate may have 
been transported south, it is probable that the red rock really extends 
as far north as this plaee. 

Secs. 18 and 19, T. 63,2 E, the red rock comes in full foree, form
ing a range of hills running E. and VV. across the town line, without 
a capping of trap. This hill-range is covered with Pinus bank;;iana, 
and the ground is carpeted with moss, as in a tamarack swamp. In
deed this carpet of moss is general here. It seems to depend on the 
rains that are perhaps more frequent about the ~nmmits of the hills. 
The moist winds from the lake encounter the colder land winds GOlll

ing more from the llorth, and transient 8h.ower,.; are the result. 
654. This sample is from a ridge rising about one hundred and 

seventy-five feet, crossed by the section line running e<Lst, S. E. "r Sec. 
18, T. 63, 2 E. This is plainly an igneous rock of the usual kind :-;een 
on the shore of Lake Superior. It is nne-grained and dark. 

655. N. E. t Sec. 20, 68, 2. A low ridge of coarse-grained vesicu
lar reddish rock, containing free quartz, probably a condition of the 
"red rock." 

656. At another point, a little further east, this reddish rock vesic
cular, and more evidently a condition of metamorphism, not being 
wholly crystalline. 

657. Sec. 16, T. 63, 2 E, (on the southern line, just after the cross
ing of a creek) is a fine-grained, brown rock, having feldspar cry:,;tals 
handsomely disseminated sparingly through it, and resembling the 
stellar porphyries, pebbles of which are seen occasionally on the lake 
shore. It is a dark, brownish rock, which weathers red, but is hard, 
fine and compaet, and shatters under the hammer in memerous pre
existing joints which are iron-shot, making sharply angular fragments. 
This contains fine grains of free quartz, as shown in thin section, and 
probably comes from the sedimentary beds, associat,ed with the rocks 
648, 651 and 652. 

658. Further on this ridge takes on the characters of 655 and 6.56. 
659. This rock appears to b13 in place, but can be seen only in the form 
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of numerous loose pieces. It has the appearance of constituting the 
top portion of the ridge (658.) It is' dark, coarsely crystalline, and 
allied to the diorytes (Nos. 651 and 652.) This ridge runs E. ano W. 
nearly on the north side of the trail, and rises about two hundred feet. 

On the line between Secs. 15 and 22, in town 63, 2 E. the country 
rock is the "red granite," but there are occasional patches of igneous 
rock, and also some traces of drift, shown by pieces of' the quartzyte 
and slate, and by occasional boulders of' syenite. The surface is gen
erally 11l0ss-coverea and wet. At the crossing of the Greenwood river, 
the bonlders are nearly all of' the "red granite." Following the line 
further east, to the lit.tle lake on Sec. 13, at the crossing of the stream, 
the' rock is of the dioritic kind, coarsely crystalline, but there are a 
good lllany boulders of "red granite" and of slate. 

At the crossing of the town line, which is on high land, is consider
able good pine, perhaps 200,000 per forty on either side of the trail. 
The rock underlying is-

660. A gray dioryte, porphyritic, belonging to the sallle class of 
rocks as 651 and 652. The "redrock" seems to luwe continued along 
the line of the trail, as far east as to one-half mile west of the town 
line. East of that the country seems to have been in t,he next underly
ing beds as far as to-

661. One mile east of the town line (S. E. cor. Sec. 18, T. 63,3 E.) 
is a reddish crystalline rock in place, and this continues east two miles 
from the town line. 

662. The country seems to have considerable drift, otten 6f clay, 
and does not show the underlying rock. The surface is nearly flat· 
Thi;, fine-grained porphyry is allipd to No. 657 and is from S. W. t 
Sec. H. 

flG:). S. W. i Sec. 19, '1'. 63, 4 E, on McFarland's trail. Here is 
a sllOrt E. and W. ridge, rising about fifteen feet, in which the rock is 
the "tellar porphyry seen in pebbles on the lake shore. It is fine~ 

grained and hrown, but is beautifully set with intersecting tabular 
crystals of flesh-colored feldspar. The mass of the rock is made up of 
minute tabular crys~als of a feldspar and opacite, with a few grains of 
chlorite, and very rarely a minute grain of quartz. 

In about N. E. i Sec. 30, T. 63,4 E. is another low ridge, but :made 
of a different rock, being of a coarse porphyritic dioryte, like some al
ready n um bered. 

The height of land back of Horseshoe bay, three and a half miles 
from Lake Superior is 960 feet above the lake. 

664. At, a little more than two miles' from Horseshoe bay, appears 
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a diorite rock, in a ridge, made up almost entirely of feldspar and 
hornblende. A beach line is distinctly marked back of Horseshoe bay 
fifty feet above Lake Superior. 

Passing up the hill back of Grand Marais, on what is known as the 
"Iron Trail," the hill is found by aneroid to be 1,063 feet where the 
trail passes over it, or 278 fe~t higher than where the Rove lake trail 
passes the summit. ThiR is about one and one-half miles from the 
lake shore. The surface descends eighty-seven feet in passing north
ward to the level of the water in the south branch of the Devil's Track 
fIver. 

The rock is mostly hid on this hill by drift, some of it being clay on 
the top, but in the southward slope, where the face is most precipitious, 
the rock is exposed. 

665. Rock from the Grand Marais hill, eight hundred feet above 
Lake Superior, having a face seventy-five feet high toward the south. 
Rather fine-grained trap, reddish brown, evidently an igneous rock. 
The top of this hill seems to consist of this rock, but toward the base, 
on the south side, the red rock that forms the beach at Grand Marais 
is so abundant in old tree-roots, thrown up by the wind, that it is un
questionably in place there, though so covered by its own debris that 
it cannot be seen in situ. 

The level of the gfmeral surface does not fall away again, after 
reaching the top of the hill, more than thirty or forty feet, when it 
becomes a swamp of spruce and tamarack, with the usual covering of 
coarse Caribon mosses. Passing over the swamp, (about three-fourths 
of a mile) a slight ascent begins, rising again to about the level of the 
first hill. After a short distance of dry land the surface descends 
rather abruptly to the south beach of the Devil's Track river, which is 
,eighty-seven feet lower than the top of Mayhew's hill. No more rock 
is seen to this place, and here can be seen only boulders. The lake 
from which the south beach flows is thirty-nine feet higher than the 
river where the trail crosses it. 

666 .. " Red rock," with small glassy crystals like quartz, from the 
N. E. side of the lake from which the south beach of the Devil's 
Track flows. Many loose pieces are seen, but none is to be seen in 
place, the country being drift-covered. . Devil's Track lake is forty
nine feet above South Branch lake, or 1,064 feet above Lake Superior. 
No rock in situ appears between the perpendicular escarpment of the 
Grand Marais hill and Devil's Track lake, so far as can be seen along 
the "Iron Trail," whieh strikes the lake on the south shore one-fourth 
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mile east of the fourth meridian. The beach here shows no rock, in 
sit/I, but is composed entirely of small augular pieces of-

667, which is evidently the rock of the country, on account of its 
abundance, and the fresh angles of the outside. It is reddish-brown, 
compact, rather fine-grained, but porphyritic with flesh-red feldspar of 
the color of the moss. In the interior are seen, on fracture, green 
specks probahly due to changed hornblende. On the surface these 
weather out. making a pitted exterior. It also contain~ free quartz, 
making it the equivalent of the red syenite associated with No.1 at 
Duluth. 

The divide N. of Devil's Track lake is 1167 feet above Lake Su~ 
perior. The swamp, which is one and one-fourth miles on the portage 
frOID Devil's Track lake to Tamarack lake is 1152 feet above Lake Su~ 
penor. Ahout one-half mile N. of Devil's Track lake the trail crosses 
the fourth meridian, and continues in a general N. N. W. direction to 
Tamarack lake. The country about is not hilly, but rises perhaps 
thirty or fifty feet above these lakes. Tamarack lake is 1132 feet over 
Lake Superior. The Devil's. Track rivers enters it from the ~. E. and 
a short distance above the lake the country becomes a vast swamp of 
tamarack and spruce. In the swamp are occasional dry knolls of 
gravelly clay and waterworn drift,· but in general throughout the 
swamp the surface is covered with a thick coating of different caribon 
mosses. The knolls sometimes spread out indefinitely, rising four or 
five feet ahove the swamp, making a small flat area of the same charac
ters as the knolls. There is no rock in place. The country is covered 
with drift. These knolls are of drift. 

The agricultural character and value of this swamp are likely to be 
mistaken. It seems that in all parts of this district, wherever the sur~ 
face is nearly flat, and the nature of the underlying rock is not such as 
to allow easy and rapid escape of the surface waters, a swamp of tam
arack and spruce (or perhaps in a stony area, of white cedar) inevit
ably supervenes; the easily drained hilly tracts, which perhaps are so 
stony and rocky as not to he arahle, are apparently better for farming, 
and are now covered with fine timber. A settler would n.aturally 
select these uplands, whereas really the low lands are furnished with the 
hetter soil, and are freer from stones. This covering of the uplands 
with a more or less hardy and stunted evergreen forest, somewhat 
sparse, is characteristic of high northern latitudes, and here seems tOo 
be due to the severe, but moist climate which prevails. 

Owl lake is about twelve feet higher than Devil's Track lake, or 
1,148 above Lake Superior. 
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668. A bout one-third way across the portage from Owl lake to 
Little Pine lake, are low rocky mounds and ridges, twenty-five to sixty 
feet high, covered with pine. These ridges consist of this rock, a red 
syenite, with green specks and red feldspathic crystalline surfaces like 
several other samples obtained in t.his region. 

The kind of country described north of Tamarack Lake, does not 
continue through to Little Pine Lake, but in a short distance lindens 
appear in the forest, then white pine, hazel, mountain ash, &c., while 
tamarack and spruce gradually disappear, the balance continuing to he 
interspersed even among the pines and in the uplands. Pretty soon 
the forest is nine-tenths white pine, the rest being composed of white 
birch, Norway pine, balsam, Mountain ash and Mountain maple, at the 
same time that the level of the country is elevated to 100 and 150 feet 
above the adjoining lakes, and is rolling and hilly, with frequent large 
boulders and occasional exposures of the underlying rock (668). The 
soil is coarse and stony, with boulders oflight syenite and many of red 
syenite from the rock of the country. It is a rusty, loamy clay, that 
seems to be the direct result of the disintegration of the stones of the 
drift, changed by the action of vegetation. 

669. Is from what appears to be a dyke, ahout half way between 
Owl Lake and Little Pine Lake, though the exposure is not sufficient 
to show whether a dyke or not. There is a perpendicular wall ex
posed, running N. and S. near the trail, on the east side, extending 
about 25 feet and rising five feet, sinking clown t,o the general level 
on either side, facing west. There is in it a jointage that weathers 
out in perpendicular bands or hasaltic layers, that run E. and W. from 
one inch to three or four inches in thickness, very much like dykes 
seen on the shore of Lake Superior. There. is also a blind ridge or 
elevation running east, through the woods, of about the same height, 
b'ut showing no rock as far as traced. Toward the west, after a low 
gap of about 40 feet, the surface rises gradually to about eight feet, 
and in the top is the same rock; but it abruptly sinks away into a val
ley, while toward the N. W. is a considerable elevation or ridge cov
ered with pine and containing the red granite No. 668. No. 669 seems 
to be a dyke cutting the red rock, and perhaps breaking through it in 
a number of other places. It is, indeed, one of the causes of the "reel 
granite" which all of the time is supposed to be due to complete fusion 
and change of the "Palisade rock," and that to a fee bIer application 
of the same force to the red shales and sands of the Potsdalll seen in 
the St. Louis river at Fond du Lac. No. 669 is apparently what Prof. 
Pumpelly has described as a me!aphyr-a dark homogeneous trap, 
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globuliferous-weathering, and sometimes showing in the sunlight large 
reflecting crystalline surfacfls in the mass of the rock, due to crystals 
of pyroxene that embrace all the other minerals. 

A short distance north of the divide between Owl and Little Pine 
Lakes, on the north slope, the red rock, which is laid bare by the 
overthrow of a large pine by a late cyclone, shows a smooth glacia· 
tion, but no prevailing direction can be distinguished. 

Little Pine Lake, which is 1,154 feet above Lake Superior by rough 
aneroid observations, has no rock visible about its shores, but under 
the water near the shore can be seen everywhere sub-angular pieces 
of the red syenite like No. 668. In making the portage from Little 
Pine Lake to Clubfoot Lake, which is 1,173 feet above Lake Superior, 
there is a small exposure of the red granite seen oil the trail, but else
where the rock is either hid, or is of boulders. About the S. and W. 
end of Little Pine Lake are numerous foreign boulders. The same is 
true of the S. and E. shores of Clubfoot Lake. 

Round Lake is 1,208 feet aboye Lake Superior, and Abita Lake is 
1,349 feet. 

670. From one-fouth mile S. of Lake Abita, in the large hill over 
which the trail passes, apparel~tly a dioryte, consisting largely of horn
blende. 

671. "Red granite," from the hill near the south shore of Lake 
Abita, but not certainly in place. The hill rises about 225 feet above 
Lake Abita and 1,574 feet above Lake Superior, and is separated from 
the hill from which No. 670 comes by a dry valley, hut which has a 
creek in wet seasons. 

672. The same hill which furnishes No. 671 near the lake is made 
up of this rock toward the top, being a coarse dioryte. In what man· 
ner this is related to No. 671 does not readily appear. There can be . 
seen large blocks of this, and some small mural faces, along the north 
side of the hill, but in general everything is hid by turf, forest and 
mosses. There is but little doubt, however, hut these hlocks are not 
far removed from their natural places. 

The lakes of Brule river, north from Brule Mt., are 955 feet above 
Lake Superior, by aneroid, and Brule M t. in its highest part is 1,461 
feet above Lake Superior. Brule Mt. does not appear like a mountain 
from the south, rising but 30 feet above Lake Abita, but from the 
north it is very prominent as an isolated hill that rises 506 feet above 
the river flowing along its northern base. 

673. "Red granite," top of Brule Mt. and the rock is not well seen 
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ill situ. Almost no rock but the red granite IS seen along the trail 
from Lake Abita to-

674, a rather fine-grained deposit, with quartz, which occurs on the 
north face of Brule Mt., forming a perpendicular wall about 20 feet 
high, but is only seen (so far as examined) a little east of hut near the 
trail. It is 240 feet below the top of the mountain, and makes a more 
or less continuous jog or shoulder. Very few red pieces are to be seen 
north of this shoulder, but south of it they make nine-tenths of all the 
stones. Occasionally light-colored gneiss and granite are seen, and 
rarely a piece of siliceous slate, so that it seems as if here were the 
northern boundary of the red granite (V. N o. 6~5). 

675. In the northern face of Brule Mt., 300 feet below the top 
about south from the east end of the westerly lake in Brule river. This 
reddish granitoid rock forms at perpendicular wall of 60 feet in height. 
This contains much hornblende, thus causing it to approach the min
eral characters of the dioryte No. 674. 

676. At a lower level another perpendicular wall of rock is found 
on the north side, a little to the west of the section line between sec
tions 16 and 17, rising about 78 feet. This rock resemhles the rock 
No. 674, hut the bluff cannot be said to consist entirely of this. An
other exposure of rock like No. 676 is at the water level, on the north 
side of the lake mentioned. It runs under the lake, sloping south, 
and is, like No. 676, deeply disintegrated. 

The top of Brule Mt. is rounded and torest-covered, the ascent in 
all directions being very gradual, but most abrupt from the north. 
The only rock seen is boulders, generally of dioryte. The highest 
point is about one-eight mile east of the section corner (17, 16, 20, 21, 
in T. 63 N. R.o 1 W.) and one-sixteenth of a mile south. From this 
place no higher land can be seen toward the east, but there is a high 
peak toward the S. W. six or eight miles, supposed to be Eagle Mt., a 
very high range visible a few miles north, afterward learned to be the 
Mis'1"n/t Hills, and other hills to the west. About north of the peak 
thought to be Eagle Mt., is a high square-cut hill, like one of the Saw
teeth hills; but toward the S. E. is low, flat ground, probably the 
course of the Brule valley*. 

On the next portage northward from the Brule river the country is a 0 

swamp, with occasional low knolls, or short ridges, the whole covered 
with tamarack and spruce, and the lower parts being very stony, simi
lar to the St. Louis valley from N. Pacific Junction northward to 

*Someof these particulars wPl"e obtained of my man MaHmaun wbo climbed a "Jack pine" eighty 
feet high, growing on the top of the mOllntain, and from it descnbed the .url"ounding country. 
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Knife Falls, and similar to many swamps in this northern part of the 
State, the most of the stones here being of the rock No. 676, but with 
a sprinkling of red granite, as if there were still rock of that kind in 
place further north. Some of the boulders are banded with magnetite. 
At about half way to Little Trout Lake the boulders of red granite 
constitute about half of all. 

677. A short distance further north a hill rises on the east of the 
trail. but near it, (about 100 feet), consisting of the roclco'f this num
ber-a very fine-grained basalt, nearly black, compact. In thin sec
tion thi3 shows a multitude of similar polarizing, rounded small crys
talline grains dispersed through a ground-mass of uniform character 
that is apparently semi-crystalline with scattered cuhes of magnetite. 
This woulfl seem to Jll1ke it a crysolite jns,tlt. 

But in following the trail it passes over this hill-range, which is 
only part of a generally hilly tract surrounding the Little lake, next 
on the trail, the lake itself being 2H feet above the Brule river. These 
hills are not large, rising about 200 feet, but the country is what may 
be styled hilly.· The rock constituting them is of the same kind as 
No. 676, and of the "red granite;" large masses of the former, and 
many small pieces of the latter, being strewn about. 

This hill ('xtends to the Little lake, and along the S. E side, where 
the superposition of the strata can be made out in descending order, 
the highest stratum being of the' 'red granite." Thus: (with a dip 
10 deg S W.) 

Red granite (not actually seen in place.) 
No. 678, in a regular bed of the thickness of_ _ _ _ _ _ _ _ _ 15 ft. 
No. 676, porphyry with red feldspar. ___ . _______ .. _ _ _ 4 ft. 
No. 679A. porphyry with gray feldspar _______ ... _ _ _ _ R ft. 
No 680. Fine bedded, crumbling, seen. __ . ___ .. ____ 18ft· 

The foregoing does not include all the strata, some being invisib'le 
both at the top and at the bottom. These strata seem to belong to 
the formation of the great slate and quartzyte range, underlying the 
cupiferous, as developed at Grand Portage and along the boundary 
line, but here more metamorphosed. 

678, is a dark (pYl'oxenic ?) rock, with no apparent feldspar. Frag
ments of a rock like this were seen on the top of Brule Mt , evidently 
carried there by the drift movements, and could not be referred to 
their stratigraphic position. (V. 6':l4 ) 

679. Finely porphyritic with red feldspar, the ground mass bei~g 
like the rock No. 678. 

679A. The same as the last, witl. gray feldspar crystals. 
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680. A fine-grained, dark rock porphyroielally sprinkec1 with feld
spar of a flesh-reel color. While this is in heavy beds in the stratifica
ti(;m, it has a fine, rudely basaltic, disintegration, due to a structure of 
short joints and cross-planes, mainly perpendicular to the dip, by 
which it crumbles out so rapidly that it is not easy to get a fresh frac
ture. It is one of the shaly sedimentary parts of the so-called Ani
mikie Group. 

Little lake is 1,199 feet above Lake Superior, and about 200 feet be
low the surrounding hills. Little Trout lake is 1,272 feet above Lake 
Superior, being the highest on the Iron Trail in the traverse from Lake 
Superior to the b011lldary line. 

The hill ~t the right of the portage from Little lake to Little Trout 
lake is made up of the nnmbcrs 681, 682 and 683 is downward order, 
with the thickness stated below: dip 20° S. E. 

681, (seen t,wenty feet, may have more above.) A very fine, black 
rock, approaching aphanitic slate. 

682, (35 feet) Porphyry, both wit,h red and with gray feldspar 
cry"t,als. This is a part of the great formation lying below the cupri
ferous, already rnentioned, and is in beds of an inch, where weathered, 
or in heavy layers of five or six feet. The ground mass seems to be 
the rock No. 678. The red color seems to come from weathering, the 
original color being gray. This is shown in one of the slllall samples. 
It has free quartz. 

683. (20 feet; there is a talus below of fifty feet in which the rock 
is unknown) A fine-grained heavy dark rock, apparently consisting 
of trielinic feldspar al).d c1iallage with ~\ little uralite and magnetite. 

684. "Further north is a layer of four feet of a fine black rock, evi
dently crystalline, somewhat like No. 678 Or 683, inelndec1 between 
some of the beds of the foregoing porphyry, near the bottom of the 
same. 

From Little Trout lake to Misquah lake is a descent of fifteen feet. 
685. Reddish-brown rock weathering red, with red feldspar crys

tals. This rock makes t,he Misquah Hills in the S. W. part of T. 64, 
1 W. It is rudely and coarsely basaltic, the columns being pm'pen
dicular to a S. Or S. E. dip. This number is from near the trail about 
a mile south of Misquah lake, near the town line between 63 and 64, 
on Sec. 32, where a thickness of fifty feet can be seen. It is bedded as 
well as basaltic, and in weathering sometimes,shows laminae of one
fourth and one-half inch. It is un distinguishable from the rock fre-

. quently called red granite in these descriptions, but its geographical 
position seems to place it in a lower horizon. There lllay, however, 
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be several faulted upheavals of the same horizpn, so that in going 
north one does not invariably pass on to lower beds, but sometimes 
from lower to higher. 

Misquah lake" is fianke~ on the N.E. and E. by high brick-red hills. 
Some of them being 500 or 600 feet high. The trees, being nearly all 
fire-killed, .and even consumed, allow a perfect view of the rock. It is 
the same as 685. 

6:36. "Red granite" from the east of Misquah lake, Sec. 32, T. 64, 
1 W. This rock is basaltified and massive, rising in mountain-like 
masses. It dips at a high angle toward the east. 

687. The same rock as the last, brecciated or scorified, though still 
weathering brick-red. 

These mountains are mailily to the east of the trail and so far as 
can be seen they are formed wholly of this red rock. 

There i~ much drift in the form of large houlders along the lakeward 
side of these red hills, particularly near the lake where the trail goes. 
These large pieces are of dioryte, often magnetited, and porphyry like 
No. 682, or dark rock like 681, with many pieces of siliceous slate and 
gray quartzyte. 

688. The character of the rock, and of the country, changes at 
once on entering Cross lake, which is thirty feet helow Misquah lake. 
The rock when first seen is at the right of the entrance, and is mixed 
and irregular in structure, as if it had heen a conglomerate originally. 
In general it is porphyritic with gray feldspar and has a little quartz, 
but the ground-mass, which seems to he the rock No. 678, varies 
greatly in its prevalence over the feldspar-also the size of the feldspar 
crystals varies. Hence the outward aspect of the weathered surface is 
spotted with dark and light colors, the felclspathic parts (and particu
larly the coarser-grained) becoming white, or nearly so, the rest being 
darker, or with fine mixture of dark and light. This rock has a basal. 
tic structure, and a very heavy bedding, the latter dipping south, and 
the basaltic structure being perpendicular to the dip. (V. 701 and 702.) 

Cross lake is a large lake, expanding in finger-shaped elongations. 
east, west and southwest, and having several rock islands, as well as 
north and south. This lake and Misquah lake are tributary to the 
North Brule river. The shores and the islands of Cross lake are low, 
made of the next numbered rock. 

689. Similar to No. 688, hut more uniform in structure. Evidently 
a gray dioryte, from tIle same formation as that, and much like the 
rock 682. 

'So collerl from tho (hippewa worc! meaning red, in allusion to the red wal's hy which it is encloee.d 
along it..·e".t shore". 
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The lake through which the North Brule flows, next north of Cross 
lake, is surrounded by ~ similar ~ow country, and has the same rock as 
No. 689. This also has many arms and bays running west, and from 
one of them is a canoe trail and portage to "Brule river lake," which 

'gives source to the South Brule and to Temperance rivers. 
Cariboo lake is 1,238 feet above Lake Superior, and twenty-two feet 

higher than North Brule lake. Its shores are low, mainly of bare rock 
like '689, which however, rises in some places from ten to fifteen feet. 
The timber is fire-killed, or consists of a second growth of small trees 
ten to twenty feet high. Between this and Poplar lake is Little lake, 
three feet higher tl~an Cariboo lake. 

690. N ear Little lake, at the north end of the portage, i~ a bare 
dome of rock, rising in the swamp about twenty feet, represented by 
this number. It is dark-colored, hard and fine-grained. It is not 
bedded, nor visibly basaltic, but all over the rounded exterior are 
polygonal spaces, marked out and included by hands of harder rock 
that rise as low ridges ahove the surface, fit Eng exndly to each other. 
This rock under the microscope shows its igneous origin hy its com
position which is plagioclase, augite anc1maglletite. It also seems to 
hold an occasional grain of quartz. 

691. Gabbro, consisting of plagioclase (assumed to he labradorite), 
diallage and magnetite; related to the last. This is a sample of the 
usual "trap" of the country. It weathers light, and is in that way in 
marked contrast with the last, though that difference seems to be due 
solely to the greater proportionate amount of feldspar in this, and of 
augite in that. This occurs in patches on and in the last, and es
pecially on the north sid~. It also seems to cross and cut it in vanish_ 
ing veins. 

692. Gabhro, like the last; this forms a series of hluffsalong the 
south shore of Little !ake, of about the same hight and form as the 
last described, hut the rock is rather finer-grained than much of the 
trap of the country. This makes a low hill-mnge along the south side 
of the lake. 

Poplar lake is 1,221 feet above Lake Superior. The rock the whole 
length of Poplar lake is the same as 692. 

693. Gabbro; from the west end of Poplar lake, where the portage 
trail leaves it going to Duck lake. It rises about twenty feet above 
the water all about, in' undulating dumes, rounded as by glaciation, 
though no glaciat- marks can be seen. The country is burnt; a few 
foreign boulders are strewn over the bare rock surfaces. 

Duck lake, by aneroid, is found to he 1,244 feet above Lake Superior, 
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and Portage lake 1,234 feet. Where the trail reaches Portage lake is 
a low upheaval of rock like No. 693. The c0untry generally is made 
of this rock, nearly bare. It contains in sOIne places considerable 
magnetite. Mayhew lake is 1,213 feet above Lake Superior. 

The same rock as 693, or some slight variation from it, continues to 
the entrance on Mayhew lake (or Iron lake), with increasing fre
quency of drift pieces of flinty quartzyte and slaty quartzyte. The 
trap is more magnetited in places, but, except in that particular no 
change can be seen. 

69-1:. Gabbro, with much magnetite; a little east of the section 
line, between sections 32 and 33, on the south sho~e of Mayhew lake 
(or Iron lake.) The rock here is in even and continuous beds, that 
dip regularly to the south, like the quartzyte and trap of the country, 
undulating a little up and down. This is seen in many places. It 
occurs-also on the south shore of Portage lake. The beds vary from 
four inches to twelve inches in thickness, and show weather-stripes on 
the exterior, clue to varying composition, something like a sedimentary 
rock. (V. No. 814.) They suggest the query whether this trap may 
not he due to a change, in loco, of the early sedimentary rocks. The 
great extent, the constant dip, and this regularity of bedding, and its 
thinness, all coincide to point to that as its origin, rather than to the 
overflow of molten matter over so extensive a region. The mineral 
composition, however, is constant, and allies it to the igneous rocks 
of the "gabbro range" which graduate into the trap rocks of the Cu
priferous. It seems, however, that there was a vast outflow of igneous 
rock in the midst of the era of the quartzyte and slate group, produc
ing this area of the "gabbro range," and separating the lower portion 
from the eras of the porphyries, and the red shale and red sandstone 
which are characteristic of the cupriferous formation proper. There 
are some reasons for believing that this great igneous outflow entered 
the sedimentaries as "laccolites" in many places, and thus tilted and 
modified the overlying beds, instead of being produced prior to their 
deposition. 

695. Magnetic ore, S. E. t Sec. 36, T. 65, R. 3 W. on the north 
shore of Mayhew lake (also known as Iron lake.) This rock is a con
dition of the trap of the country, and is almost entirely made up of 
magnetite. A careful study of this location warrants the following 
generalized statements: 

(1st.) The ore is in the igneous rock. 
(2nd.) It varies in quality very much, even passing into rock that 

.cannot be styled iron ore. 
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(3rd.) It involves with itself nodules of coarse gabbro containing 
.considerable magnetite. 

696. Sample of this nodular or concretionary roek embraeed in the 
iron ore. 

(4th.) It also embraces isolated pieees of gray quartzyte (appar
.ently), but which in thin section are seen to consist of plagioclase, 
magnetite and augite; and some dark, erystalline, mieaceous nodules. 

697. Samples of the dark and micaceous nodules. These dark 
masses embrace dark labradorite (?) biotite, hlBmatite, with viridite. 

698. Samples of what appears like a granular, gray quartzyte, but 
which really consists of the minerals that go to make gab bro. This is 
{1istributed through 695 in rounded lumps like some masses of No. 696. 
Some masses of No. 698 are very large, where they occur on the north 
:side of the swamp. 

(5th.) It dips toward the south in beds whose aggregate thickness 
is at least fifty feet, but may be seventy-five feet, the actual amount 
'being hid by a swamp. 

(6th.) It involves also detached masses of coarsely crystalline 
gabbro nearly free from magnetite, but eontaining biotite. 

(7th.) It sometimes gives place to a coarse trap of the same kind 
which is so large in amount as to constitute the rock of the place, and 
its connection with the ore cannot be seen. 

699. Samples of this coarse, micaceous trap. 
(8th.) It lies on a fine-grained rock like No. 698, which is a fine 

gabbro with chrysolite, resembling a fine, granular, gray quartzyte. 
'This rock dips, so far as any dip is dis.coverable toward the north, and 
it seems to have furnished the rounded masses of No. 698 embraced in 
the iron ore. The northward dip is due to a deceptive appearance of 
.columns of basalt. 

700. Samples of this fine chrysolitic gabbro. This rock much re
sembles the. chryrolite basalt No. 677. 

(9th.) In seams and gashes in No. 698, the rock No. 699 is also 
fmmd. 

(10th.) The iron in considerable, but unknown quantity, is of fine 
.quality, being seen in other plaees besides this described. * 

West from this iron location, after passing the little bay running 
E. N. E. the north shore of the lake is made up of No. 699, which ap
l)ears massive, weathers lighter than the trap usual in the country, and 

"This iron ore constitutes what is locally known as the "Mayhew Iron Range," and is found in a belt 
about" mile wide on both sides of Iron lake, and on the south side of Portage lake, and betw~n Port_ 
Age aad Peplar lakes. An analysis reported by Mr. Hause. per.formed by R. S. Robe.rtson of Pltt.burl', 
Pa .. gave the followmg result: Silica. 20Z; Alumllla, 2.68; TitanIum, 12.09; SesqUi ChromlUD1,2.40; 
Mag. ox. Iron, 80.78; Lime, trace, phes. acid, 0.03. 

6 



82 TENTH ANNUAL REPORT 

appears like the "Rice Point Granite." It is hard and firm, and rises 
ill domes which rarely show any dip. Atone-fourth mile west of the 
little bay it is broken by the lake alld ice in winter and over a small 
area shows both a horizontal jointage, and one which has more the 
characters of dip to the N. 45 degrees-the latter having the planes of 
separation at varying intervals of six to eighteen inches, and marked 
also by a lighter weathering, or by a pinkish stain in the feldspar. 
This, however, may he the remains of a former basaltic structure. 

701. '1'he rock last mentioned, resembling the "Rice Point Granite." 
It consists largely of a gray feldspar, is firm and massive and rounded. 
It also has diallage and magnetite, with occaslOnal scales of biotite. 

702 is embraced in pockets and lumps in No. 701. It is the same 
rock, but with much coarser crystals, and a larger per cent. of diallage 
(V. No. 688 and No.1 D.). 

703. Sample of iron ore at the east end of Pewabic Island contain
ing all the ingredient,s of the rock, even mica. There are three or 
four other islands in the west end of Iron Lake. The iron here is 
plainly embraced in the rock 701, which is also the same as No. 696; 
which is the same as the rock styled trap or gabbro all the way 
from the south side of,Little Lake. This rock of course has variations 
which account for its different aspects, but in all these it does not de
part. from the accepted characteristics of an igneous rock. Its varia
tions are included within the range of mineral associations possible, 
by relative changes, in plagioclase (probably labradorite), chrysolite, 
augite, magnetite and it has as accessories biotite, hallnatite and a 
green mineral that may be derived from a decomposition of the augite. 
which is also frequently in the condition of diallage. 

About a mile west of the end of Mayhew Lake, on the town line, is 
an isolated knob of the same kind of iron ore, in low ground, "30 links: 
~ide, all solid iron," so reported by Paul Morrison. 

704. South of the little island crossed by the E. and W. town line, 
in Mayhew Lake, the rock is highly magnetited. It is also micaceous. 
It has plainly a dip to the south of about 25°. The jointage here is. 
also somewhat like the apparent dip seen on the north shore four miles; 
west ofthe little bay. A similar deceptive jointage resembling a N.. 
dip is to be seen at the portage to Loon Lake, the general dip being' 
to the south. 

705. Appears like a metamorphic rock, bedded and dipping north 
about 45° at a point a little back (N.) from the shore, a short distance' 
west of Mayhew's location, which underlies the iron-bearing rock, and 
the iron ore, and has been styled changed quartzyte. It really is a. 
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crystalline, fine-grained rock which has hornblende changed to VJfl

dite, feldspar and magnetite, ana its apparent northward dil! is due tu 
a fine basaltic jointage perpendicular to the true dip, which is about 
the same in degree toward the south (V. No. 700). No. 705 haH a 
visible thickness of 10 feet, and the overlying iron roek haH a thiek
ness of about 20 feet. 

706. Through the iron-rock at the location 705 run seam:';, three to 
six inches in thickness, of pinkish rock consi:,;tillg of quartz, or
thoclase and hornblende, in rather fine grains. These seams and veins 
are parallel with the basaltic jointage of the rock No. 705. Some
times a pinkish shade of eolor runs into the trap, accompanied by 
quartz. These pinkish Leds and seams, which simulate planes of bed
ding are probably due tu contact with the underlying formatiull and 
'llfusion from it. 

7J7. In some places in the trap, where one of these red seams paHHes 
through it" the hornblende which accolllpanies the red rock, greatly 
predominates, or is very coarse, and sometimes is fibrous and radiat
ing, coating the walls of the seam. In such places mica also can be 
seen, and also, mixed with the fibrous hornblende, occasionally a crys
tal of quartz. 

Nearly everywhere about the shores of Mayhew Lake the rock iH 
trap, or gabbro, but generally with more magetite than usual. 

708. On the portage north from Mayhew Lake to Loon Lake, the 
rock No. 705 first appears, with a southerly dip. Then, after a low 
space another ridge succeeds, showing the rock No. 708, similar, if not 
identical with No. 705. This belongs to the great 'quartzyte and slate 
'formation, or the "Animiki group." From the top of this ridge the 
descent to Loon Lake is sudden, and amounts to 150 or 175 feet 

709. This is a range of high hills along the south side of Loon Lake, 
and between the bay and the lake, the top of which are made up of 
rock of this sample, which is like No. 708, having a thickness of 80 to 
90 feet. This has the outward aspect of trap and perhalJs has been 
designated trap in former instances, but it is to be distinguished from 
the igneous rock that has been described. U llder the microscope in 
thin-section it consists of a triclinic feldspar, and some orthoclase, 
changed (or viriditic) hornblende, magnetite, and a small amount of 
quartz-a kind of dioryte. Its affinities with the great quartzyte and 
slate forll1ation are evident, and it seems to have resulted from a met
amorphism of the upper part of that formation. It is that which un
derlies the iron-bearing trap of Mayhew Lake. It is in heavy layers 4 
to 10 feet thick, and has a coarse, perpendicular jointage that makes it 
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appear basaltic. It stands in perpendicular escarpment facing north, 
and west, making the tops of the highest hills. It probably has not 
everywhere been kept distinct from the true igneous rock or gabbro 
which constitutes a heavy stratum lying over it (V. under No. 300.) 
This is taken from the hill near the base of the point separating the 
bay from Loon Lake. 

710. Dark, homogeneous, finely crystalline, heavy rock like No. 
684, underlying No. 709 in' the same hluff, 5 to 10 feet in thickness. 
This is in beds 6 to 10 inches thick. 

711 and 712. The rest of this hill is made up of alternations of these 
rocks, altogether making a thickness of 100 to 125 feet, down to the 
level of Loon Lake. The former constitutes ahout nine-tenths of the 
whole. It is hlack, and grayish-black, in beds from 4 to 40 inchee, 
very fine-grained, suh-crystalline, with a felted polarization, having 
a conchoidal structure. The latter is of the same color hut more 
coarsely granular, is in heds of 1 to 3 inches, and is slaty in the direc
tion of the dip, which is S. and 100 to 15° in amount, but in other 
places the dip amounts to 20 degrees. This hill is only one of a series 
of northward-facing hluffs which extend from some point in Canada 
as far west at least as the west end of Gunflint Lake, and produce a 
sudden shoulder in the surface coutour. The actual highest divide, or 
Mfsabi is usually a few miles further south, and is apt to consist of the 
gahbro rock. While there is a sudden descent northward lrom the 
face of these bluffs, amounting to 300 or 500 feet, the general level 
toward the south ascends to the top of the Mesabi, though sometimes 
there are two or three interrupted lines of similar northward-facing 
hills before the Mesabi is reached. 

The country along the north of Tucker Lake is low, and occupied 
wit,h magnetited trap, and this character continues southwestwardly 
SOllle five or six llliles further. 

713. From the north shOl'fil of Tucker Lake, a magnetited gabbro, 
embracing also masses of rock like No, 702. 

On the south side of Tucker Lake is a long range of hills rising 
about 100 feet, constituting the red Mesabi, though the whole ,tract 
between Tucker and Loon Lakes is also on the height of land for this 
region. 

714. Gabbro from the hill range south of Tucker Lake, in the N. 
part of Sec. 10, T. 64, 3 W.; being the Mesabi in this part of the. 
State. This is the same rock already des~ribed as constituting the 
low shores of Poplar and Iron Lakes (Nos. 693, 694 and 701). Be· 
tween this hill range and Tucker Lake are several lower ridges of trap 
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rock. South from Iron Lake the "red rock" begins again in about six 
miles, according to Paul Morrison. 

Duck Lake is 1,244 feet above Lake Superior. Poplar Lake, w hlch 
is large and long E. and W., has numerous islands, resembling :-laga
naga, except that here they are of diroyte and gabhro instead of gran
ite 

715. From an island in Poplar Lake, Ileal' the portage coming from 
Little Lake. The usual rock about Poplar Lake. 

Hungry Jack Lake is 1,069 feet above Lake Superior by this ~cries 
of aneroid connections. Last year this lake was ascertained to be 
1,200 feet above Lake Superior by series of observations from Grand 
Portage, making 11 disagreement of 131 feet (see the ninth annnal re
port, p. 78, where this lake is distinguished a" a "lake south of Bircl] 
Lake"). If this is all due to erroneom; observations of the Iron trail 
south from Grand Marais, the elevations given along that route should 
be increased somewhat. The error is more likely to be in that route 
than in the boundary line route. ~f 

716. Trap-rock, from the top of the "stair portage" which connects 
Duncan's Lake with Mud Lake. This forms a high hasaltic bluff fac
ing north, a little west of the portage. 

717. Trap-rock from the north side of South Lake, opposite the 
town line between ranges 1 and 2 west. The north shore of this lake 
is low, and glaciated S. W. and N. E., and the south shore rises into 
high hills containing, presumably, the rock No. 716, at the top. 

718. Fine trap-rock, south side of Gunflint river, a little east of the 
location of No. 305 last year. This runs obliquely down to the river, 
and under the water, in angular basaltic blocks like trap, presenting a 
face (back in the woods) toward the north much the snme as the high. 
est bluffs of the country. 

*Ml'. E. Le!VI. Ho~tle carried a series of aneroid elevatioll8 from Grand Mantis to Iron Lake for rail
road pnrposes, and found the highest point on the line to be 1.180 feet. His route is shown on Plate II. 
Thi. height was reached in S. W. )q Sec. 25. T. 63, north of Ibe Twin Lakes From that point there i. 
a very gentle, undulating deSCent to Iron Lake, along his ronte, which was found to be about 1,175 feet 
above Lake Superior, or 38 reet lower than by the observations of the geological survey. His profile 
shows a nearly level grade from the highest point southward to a point about a mile ""d a half north 
afthe DeviL's Track river, where a descent begins. The crossing of the DeviPs Track river is 1.015 feet 
above Lake Superior. For the next two miles Hnd a half the de.cent is 150 reet per mile. Between two 
and a half and four and a quarter miles from Luke Superior the gratie is 165 feet pel' mile. f1l1d below 
that it is 147 feet per mile. The cro.sing of the South I ranch of the Devil's Track river is 65, feet above 
Lake Superior. By spirit-'evel and. rod n point wa~ fixed on the S. E. M Sec. 13, T. 61 N., H t the crOSB. 
ing of the creek, which hfld an ele~ation ot' 1,080 feet, a nd by lile same nleans De,'U's Track La ke was 
found to be 1,025 feet, or 39 feet lower than by the ob~er\'ations of the geolo~ic~,l 8urv('~y. :Ml'. Hoare 
states that numerous magnetite bouhlel's nre scnttered oyer the country between Grand Marais Ulld 
Iron Lake which produce marked II,cal disturbances of the neellle, ~Ild that there is evidently a deposit 
of iron are at some,point between Sec 6,61,1 E., and Devil'~ Tr:lck Lake. l!~rom ~e\'eTal ,Il;;;says Mr. 
Hoare t'tates that he ascertained the iron and titanium to~ether in the ore from Iron Lake to be pretty 
nearly uniform throughout. Lut th<it the titanium varied frum 6 10 ]3 per cent., di~placing about the 
same percentage of iron. The ore is in enormous qualltiths, ill one place hurl bare so that he crossed 
over It 30 paceH. Another deposit lJf m~gnetic Iron was a~s(1yed by him, 10cate(1 '''c]ose to Poplar river 
and near Lake Superior," which prOlluced 38 p. c iron, 1.53 p. c. mallganese, and .05 of phosphorus 
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719. Trap-rock, having a jointed, or basaltic structure, frOlll the 
easterly of the two points that enclose the little bay on the south side 
of Gunflint Lake into which the portage comes from Loon Lake. This 
point rises about 75 feet. The top, represented by this rock, contain
ing augite, plagioclase, magnetite and a little hornblende aJICI quartz, 
is of t.he rock that usually forms the tops of the high mono-clinals of 
the country-a dioryt.e trap, perhaps a metamorphic condition of the 
beds of the great quartzyte and slate formation. It faces the lake 
and has a high talus of fallen blocks. 

720. The rock of the westerly of these points, almost identical with 
No. 718, essentially the same rock as 719, present,ing a walled face to
ward the north, much jointed, or finely basaltic, rather finely crystal
line, but rising but 10 feet above the lake. Thus it appears to make 
no difference at what horizon samples ar'e taken from the "quartzyte" 
formation, if they only come from the top !Jed., at the place they are 
obtained. They are always "changed qnartzyte," or trap, so-called. 
Slate can be got only at a depth of 75 to 100 feet below the top. It 
seems as if any and all the beds are su bjed to this metamorphism 
when they happen to be superficial, nnless these be unknown and un
suspected irregularities in the stratification. Hence, even at the very 
northern edge of the area covered by these mono-clinals, the changed 
rock, or trap, whichever it be, lies within a few rods of, and nearly on 
the same level as the talcose slate and syenite, as along Gunflint river. 

721. A careful section of the hill was taken, lying a little east of 
the portage trail from Gunflint Lake to Loon Lake, on Sec. 26, T. 65, 
3 W., for the purpose of ascertaining what relation might exist be
tween the hasaltic heds which always lie on the tops of these hills and 
the slaty layers that compose them toward the bottom, with the fol
lowing result: No. 721, forming the top of the hill is 75 feet thick, 
and like numerous other samples already noted, viz., Nos. 308, 705, 
70'::' 709, 719 and 720. The hill is 250 feet high. 

722. Obtained about half way down the perpendicular portion of 
the bluff. '1'he same as the last, but finer-grained. It has also a 
darker color. It em braces apparently triclinic feldspar, magnetite, 
orthoclase, viridite and a little quartz. It also shows an occasional 
grain of pyrite and of dichroic hornblende. 

723. A dark, or gray, homogeneous rock, in general character sim
ilar to the last, though of a finer grain, resembling very much the 
rock No. 683. It has pyrite, and much of the magnetite is arranged 
in branching, foliage-like tufts, which can be seen in a thin section, 
from near the bottom of the perpendicular part. 
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724. One foot lower in the bluff than the last. Undistinguishable 
from the last. 

725. Six inches lower; same tock but finer. This is hard, fine, 
dark-colored. 

726. A foot lower; the same rock but finer, and tending to a slati
l1.ess. 

727. Four feet lower; slate, fine, black or nearly black, of the kind 
commonly seen in these bluffs. The rest of the bluff is much hid by 
talus, but so far as can be determined consists of rock like 727. A 
hundred feet lower, and but a short distance north from the foot of 
this bluff was obtained No. 720, forming the top of a lowerlriclge of 
rock. 

The transition from the basaltic rock, or trap, forming the top of 
this hill (No. 721) to the slate of No. 727, is more abrupt than on the 
south side of Loon lake; but there is still here an imperceptible transi
tion. There is no suddenness about the change, nor break in the bed
cling to indicate the former fluidity of the top of the hill. The change 
is complete in the space of four feet-from basaltic columnar structure 
to perfect, horizontal, or southward dipping slatiness. If the basaltic 
portion is due to igneous origin there was such a transfusion of min
eral characters, and such a perfect cementation between it and the 
slaty portion that no line of separation where the igneous portion was 
superimposed on the sedimentary, can be designated. 

A second visit was made to the locality No. 312, on the north side 
of Gunflint lake, where the flint beds appear in outcrop, about half a 
mile east of the outlet of the lake, at which the following conclusions 
were reached: 

1st. The rock is a breccia in which the flint, generally black, Or 
dark jasperoid, appears in a gray rock which weathers rusty, in angular 
pieces of all sizes up to two feet, or even makes continuous beds more 
or less tilted and broken. Sometimes also the gray rock that weathers 
to a rusty color on the beach is in angular pieces or patches in a mass 
of angular pieces of non-rusty gray rock; and sometimes the two al
ternate in parallel bands as if so deposited as sedimentary beds at first. 

2nd. The formation, as it is, is tilted into the lake, southward, at 
!In angle of perhaps ten degrees, on an average, though there are 
places where the dark jasperoidlayers seem to stand nearly vertical. 

3rd. The whole formation is rudely basaltified in small columllil. 
4th. The thickness visible, in an interrupted series of outcrops, 

seems to be about twenty feet. 
5th. A little distance further west, and near the extremity of the 
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point before reaching the "narrows," the exposed rock is slate again, 
at first horizontal, and then with a dip of eighteen to twenty degrees 
to the N. E. then S. again; becoming hid by trees the rock termin
ates, and the point too, the elevation of the hill being forty to fifty 
feet. 

The close proximity of this flint and jasper locality to the next great 
underlying formation (syenites and slates) makes it one of great inter
est to the geologist, but so far as scrutinized, as yet the true relation 
of the t~o formations are not revealed by anything here seen, though 
there seems to be an unconformability between them. At the "nar
rows" is basaltic trap rising in characteristic bluffs and striking E. 
and W. with a face toward the north. 

728. Rock of the island in Saganaga lake nearest the inlet from 
Gunflint lake, on the south side. This is ~ syenite with mica, con-. 
taining much coarse quartz. The feldspctr is orthoclase, of which the' 
greater portion is white, but some of it is flesh-colored. It is a beauti
ful, light-colored syenite, suitable for ornamental purposes. This rock 
prevails about Saganaga lake, but also becomes darker by an increasecl 
amount of hornblende. 

7:29. Syenite from "Cariboo narrows" N. E. t Sec. 19, T. 66, 4 W. 
Gull river and lake may he ascended by course to near the S. W. cor. 

of T. 66, 4, without portage, by passing two rapid places. Gull lake 
is thirty-nine feet above Saganaga. A portage is necessary at the 
third rapids. Gull lake is similar to Saganaga in having numerous
islands based on a light-colored syenite. 

W. Gull lake, which is united by a short rapid stream to Gull lake, 
is twelve feet higher, and is filled with the same sort of rocky islands. 

73:). Syenite from the rapids between Gull and W. Gull lakes. 
Along the south side of these lakes, distant about two miles, runs a 

range of mountains which seems to be a continuation of that rUllning' 
west from the south shore of Gunflint lake, marking in general the 
northern limit of the slate and quartzyte group. 

731. The rock 730 continues to form tl).e islands and shores of W. 
Gull lake to near the point where the stream from Frog-rock lake 
enters it, near the southwest end, where the rock 731 takes its place, 
rising in little hills of very similar contour and size, some of each ris
ing 50 to 100 feet. This rock is very to\lgh, greenish, has in general an 
imperfectly schistose or fibrous structure, is seamed and jointed finely, 
some of the seams being filled with a fine-grained, siliceous, nearly 
white rock, or pinkish quartzyte, which is faulted frequently by other' 
seams, making a zigzag network of joints and seams. Some of these 
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seams are of a pinkish color, and six to ten inches wide. But they are 
themselves broken and often entirely diffused and lost. The rock is 
not slaty, but separates under the hammer into rude rhomhs. It is 
fine-g-rained. (V. Nos. 348, 355, 356, 358.) This rock in thin-section 
shows a matrix which is homogeneous, transparent, penetrated hy the 
other minerals, and between crossed Nicols 'has a neutral color, dark
ening- on rotation of the stage, with the quick limpid change charac
teristic of quartz, but not having its brilliancy. The otber chief min
eral is green fibrou, hornblenue, but it is so chang'ed that it is rarely 
dichroic, and is often more like serpentine than horn blende in it,; opti
cal characters. There are also a few grains of some triclinic feluspar. 
This composition seems to make this ruck an amphibolyte. In land 
specimens it is not distinguishable from the ampbibolyte of Littleton, 
N. H.* 

The stratig-raphic relations of 730 to 731 are not easy to make out. 
Sometimes they lie! immediately in contact, the plane of separation 
being perpendicular, and sometimes they are in separate knolls, or 
hills, contiguous, the contact of which below the soil is not visible. 
In general the hills, composed of the amphibolyte are higher and 
rougher than those of the syenite. 

732. Light pinkish granulyte, or quartzyte, embraced in veins in 
No. 731. 

733. Frog-rock lake, which is next west of W. Gull lake, is so 
named from t.he Chippewa word which signifies spottf{l or gl'etmish, 
from the appearance of the rocks, andit is seventy-three feet above 
Saganaga. The mineral which gives green color to the rocks of this 
region appears sometimes in thin seams or in coatings on opened 
seams, as shown by the samples of this number. 

734. This greenish rock in some places is very fine anc1 tough, and 
also porphyritic. 

735. At the very entrance to Frog-rock Lake is a hard, massive, 
speclded dioryte that forms a little fall where the water goes out of the 
lake. In passing the portage, white quartz is seen in pockets in this 
rock (731 and 734) sometimes having perfect crystalline terminations. 

736. From an island in Frog-rock Lake, about hal±' a mile south
west from its outlet; a green amphiholyte ( ?). 

737. A talcose or chloritic rock, having a coarse perpendicular 
schistose structure, from the rapids between Frog-rock and Town 
Line Lakes, northwest from Frog-rock Lake. This is conglomeritic, 
some of the pebbles being six inches across and like the gray amphi-

*No. 216, of the "typical rocks of ~ew Hfl.1npghire," or Xo. 3,016 of the Mu ... eum Registpr. 
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bolyte (No. 731). There is in it also considerable pyrite. The peb
bles are rounded, and are intimately connected with the matrix. There 
may be thirty feet of this here visible, including that below the water 
and above. There seems to be a S. dip of about 10 to 15 degrees. The 
aspect of the country changes at once on entering on this conglomer
ate. There are no bald, rocky hills to he seen around the Town Line 
Lake, hut the trees grow all over the rock, and down to the water. 
The level of this lake is 83 feet above Saganaga, and King-fisher Lake 
(or Ogishki Muncie) is ten feet higher. The rapids connecting them 
are formed by the same rock (737). 

738. A fine, firm conglomerate, or grit, containing considerable 
pyrite which changes to iron oxide near the surface The grains are 
mainly of quartz, as well as of flint and feldspar. Some of the 
flint is black, and two inches across. This rock recalls the Gunflint 
beds. It seems also that the rock 737 is a part of the same conglom
erate as 738, but at a lowe~ stratigraphic horizon. It hence seems as 
if the Gunflint beds, which are the lowest part of the quartzyte and 
slate series (the lower volcano of Logan) pass by a common meta
morphism through the perpendicular slatT, or schistose structure into 
the slates of t.he Huronian-but whether at first 90nfonnahle to them 
or not, cannot be said yet. This rock (738) does not continue far west 
of where it appears, which is near the N E. end of Ogishkie Muncie 
Lake, on the south shore. It stops at the first narrows, at the east 
end of the lake apparently jogging off south suddenly, since the rock 
731 sets in in full force on the south side of the lake on the W. of 
these narrows, and continues to one-half mile west of the section line 
between sections 13 and 24. 

739. At one-half mile W. of the section line; somewhat quartzyte, 
firm and resembling 738. This occurs suddenly in No. 731, and it 
weathers into large angular hlocks, while No. 731 is apt to weather 
out in rough schistose fragments. 

Directly across the lake, on the north shore the rock 738 can 1)e 
found again appearing in a similar manner as on the south side, -i. e., 
in a bluff and hill near the lake, but 731 appears soon on the south 
side, and with. sundry variations forms the south coast to the peninsula 
on the south shore crossed hy the line between Secs. 23 and 26 which is 
made up of the quartzyte and slate, having a dip to the S. S.W. of 
about 80 degrees. The slate alternates with the quartzyte lJeds, the 
former being in layers generally of two to three inches, and the latter 
in beds of six inches to two or three feet. There is in the slate, which 
is slaty in the direction of the true hedding, also a tendency to slati· 



STATE GEOLOGIST. ~1 

ness E. and W. perpendicularly, so that the beds are apt to separate, 
when struck, both in the direction of the true hedding and along the 
weathered planes of the E. and "V. slatine01s, making t.hin lenticular 
wedges. This E. and ",V. slatiness is not visible in the quartzyte. 'The 
same alternat.ion of slflty and nOll-slaty beds il' to he seen on t.he S. 
shore of Vermilion Lake, and at Thompson. 

740. Slate from t.he above. "' 
741. QUflrtzyte from the above. This is much like·No. 738. 
742. Dyke-rock, from a dyke cut,ting the great conglomerate of 

Ogishkie Muncie Lake, );". W". ± N. E. t Sec. 26, T. 63,6 W. Plagi
oclase, magnetite, chrysolite, a little hornblende (?), a little quartz 
pierced by spicules of apat,ite and pyrite. This dyke is six and a half 
feet wide and runs E. 10° S. It crosses a little peninsula, and on both 
sides disappears below the water of the lake. It is a dark, heavy, firm 
rock, not. differing from numerous others seen crossing the great quartz
yte and slate formation. 

743. Calcarcous, rusty schist, apparently talcose, and overlying the 
m-xt; this has a strong resemblance to the conglomerate schist No. 
737. It is coarse, and seems to disintegrate more readily than any of 
the rocks of this region. It is in the lower places. It has no evident 
dip, or bedding, but rt schistose structure running E. and W. perpen
dicular. 

746. As~ociated with the last. is a grayish marble, which may also 
contain siderite. They are in the N. E. ± N. E. t Sec. 26, T. 65, 6 
W. The marble rises in all inconspicuous low ridge, in a valley. It 
is coarsely jointed, and has an al'parent dip toward the south of about 
10 degrees, and is 22 feet thiclc 

744. From the great. conglomerate, but showing one of the indef
finite conditions of the same. The cOllglomeritic character is hardly 
dist,inguisha ble on a fresh fracture of the rock which sometimes shows 
different shades of green. But all over the surface, when glaciated and 
weathered, are visible t.he forms of rounded boulders, included in the 
rock, the different colors and grain of the boulders being brought out 
plainly. This is essentially the same format,ion as the rock 743 and 
737, and it constitutes by far the greatest part of the country rock 
about Ogishkie Muncie Lake. Wherein the rock 737 differs frolll 738 
which also passes into 744 by the accession of slaty structure and then 
the oblit,eration or modification of it by t.he accessioD of boulders, it 
may be ascribed to varying proximity to and influence of t.he under
lying "talcose" rocks in the process of deposition and metamorphism. 
The rock 744 forms the little island in the central narrows of Ogishkie 
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Muneie Lake*, near the peninsula crossed by the line betweensectinos! 
23 and 26, and the mainland south and north. On the island, it is 'a'. 
real eonglomerate, with a smoothly glaciated surfaee, and the sections 
of some of the rounded stones are a foot and even more in diameter. 
They are yery abundant. Sometimes the rounded stones make three
quarters of the whole rock, ?ut in other cases the slaty matrix is near
ly free from them, oyer considerable areas. The general surface rises 
in short, zig-zag ridges which, though often entirely bare, have boul
ders and a thin soil of clay and mold in the valleys between them, so 
as to obscure their inter-relations. In these valleys are a multitude or 
fallen, half-burnt trees, among which are growing small birches and 
willows (V. after 752). 

There is a sudden change in the direction of strike ofthe rock of the 
country, in the N. E. 1- of Sec. 26, from nearly E. and W., to N. and 
S. At the shore on the peninsula in Sec. 23 it is the same as the 
slates generally seen in the Huronian, in this part of the State, but 
after passing the valley in which are the ealcareous schist and the 
marble, it is N. and::3. That the change is somewhat sudden is shown 
by the fact that the beds running N. and S. are seen to cease abrupt
ly and to be replaeed by the conglomerate in a number of places. The 
conglomerate in these cases is, so far as seen, rather finer than the 
average. 

7-4:5. Slate and quartzyte, ii.·om the roek that strikes N. and S. (as 
above), showing the bedding of sedimentation, the tendency to E. and 
W. schistose structure, and the jointage to whieh the whole is subject· 

7-4:6. (See before 7-4:4,) 
7-4:7. Direetly south of 7-4:5, (on the lake shore) i. e. in the ::::l. W. t 

S. E. 1- Sec. 26, is the hard, black rock represented by this number. It 
is a kind of black quartzyte, or flint, the dip of which cannot be stated. 
It is finely jointed or broken, nearly at right angles transversely, oc
cupies the area of a smallridge near the shore. 

748. On the portage from Ogishke Muncie lake to Dyke lake, 
whieh is a little lake southwest from Ogishke Muncie in S. E. t Sec. 
28, is a siliceous slate, standing vertical. It is cut by a dyke running 
about N. and S. thirty to forty feet wide. 

7±9. Rock from the above dyke; dark doleryte. 
750. Conglomeritic slate. This passes into the slate 748. It shows 

no hedding. From the north side of Dyke lake. 
751. S. E. 1- Sec. 30, T. 65, 6 W. north of the east end of Caca-

b ~With one exception this is the only island which has its forest yet standing· most ofthecoun~rr 
emg utterly destitute from fire$. '. 
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quabie lake, is l\hllmalln's Peak. It extends rather as a lower range 
. toward the N. E. half a mile, terminating at t.lre end of the lake in the 
northern part of Sec. 29. This rock is a peculiar purphyry. The 
ground mass is amorphous, and the disseminated crystals are horn
blende. It is unlike any thing before seen. 

752. A dyke forty feet wide, represented by this numher, cuts the 
last. This is a c101eryt.e with considerable magnet,ite and pyrite. 

Further examination of this great pudding-stone on the high pen
insula tbat project.s from the north 'shore of Ogishke Muncie lake, on 
Sec. 23, shows that it is crossed. by E. and. W. hand.s due to sedimenta
tion. These bands stand nearly or quite vertical. They are similar 
to those seen in the quartz~·te and slate, but are coarser and more in
distinct. They are seen in the finer parts of the pudding-stone, when 
the rock passes into a fine conglomerate or coarse quartzyte. • 

On t,his peninsula nearly one-half of t,he pebbles in the rock, large 
and small, are from the Sag-anaga granite. Next in frequency is a 
variety of greenish pebbles, appare11tly from the same formation, or at 
least from the rock 731, and some like t.be dyke rock 742. Next comes 
quartzyte, ·which is sometimes gray, sometimes white. These graduate 
into white and gray pebbles, some of which are also black and very 
fine, like fliilt, having a short conchoidal fracture. Some of these last 
are banded like the jasper and flint of the gunflint heds. One banded 
piece of blilck-gray flint which was noted was a foot across. These 
various pebbles weather into a variet,y of colors making the face of the 
bluff perfectly spotted and mottled. The conglomerate is a part of the 
slates of the region, and is interbedded with t.hem. 

About three-fourths of a mile north of the central narrows of the 
lake, the conglomerate, which continues ~ll the way, with a dip S. of 
80 or 90- degrees, (sometimes varying a little to the S. E.) contains 
large, rounded pieces of the "Saganaga granite," which proves the 
greater age of that granite, and the unconformability of this slaty con
glomerate, and the beds that are its equivalent elsewhere, upon that 
older formation. Some of these large pieces of syenite are over two 
feet in diameter. The conglomerate also here contains red jasper. 

At about a mile north of the narrows the red jasper becomes very 
~ommon, some pieces being six to eight inches across on t,he face of 
the rock. 

At about a mile and a quarter north of the narrows the conglomer
ate becomes finer and finer, and the slaty bedding comes in, the whole 
being converted to 740 and 741, and at once the hills rise in a rude 
range, broken by off-sets, to the height of 150 or 200 feet higher than 
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the general level. The highest hill is about in the center of the S. 
W. J]: Sec. 14:, and the top consists of the rocks 740 and 741, passing to 
731, with vertical bedding. The strike of the northern limit of the 
conglomerate is S. 35° W. and at about one and one-fourth miles N. 
of the central narrows. Through the whole of this distance the dip is 
nearly uniform (SO° to 90° from the horizontal); and by the construc
tion of a right angled triangle a calculation will make a thickness of 
6,574 .S feet, for the conglomerate on the north side of Ogishke 
Muncie bke, and there may be as much more on the south side. 

753. Is an average sample of the most of the hill· on S. W. t Sec. 
14, T. 65,4 W. (as above.) It represents a vast amount of rock in 
this country, since much, even of the conglomerate, is of similar rock. 
'rhis here is banded with finer beds, approaching slate, which, when 
favoraqly weathered, falls to pieces as slates, though very siliceous. 

From this hill the mountain-range on the south side of Qgishke 
Muncie lake can be seen to extend east as far as the eye can distin
guish, and probably to Gunflint lake. The point of observation is 
E. 33° N. from Malhnann's Peak. Part of Knife lake is W. S. W. To
ward the N. W. is a lake one-fourth mile away. East 33° north, is 
another small lake one-fourth mile distant, and at the foot of the hill 
S. is another little lake. Toward the north is a similar tract of coun
try, burnt over, running to Otter Track and Knife lakes, made up 
(probably) of the rock No. 753, as no such conglomerate was seen 
along there last year. 

754. Jasper conglomerate, one mile north of the central narrows 
of Ogishke Muncie lake. 

The "Gunflint beds," south of Gunflint Lake, (V. after No. 747) 
have been associated with the slates and quartzytes of the overlying 
formation, rather than with the talcose slaty beds underlying (V. 426) 
but observations about Town Line and Ogishkie Muncie Lakes seem to 
indicate that they are here a part of a schistose, slaty formation, high
ly inclined, which belongs to the Huronian, passing into the great 
conglomerate of Ogishkie Muncie Lake. 

So far as can be determined by the observations made, the following 
statement of the order of snperpositimi seems to be warranted, in de
scending order (V. after 551). 

1. The nearly horizontal quartzyte and slate formation composing 
the liills of the Grand Portage and the International boundary as far 
as Gunflint Lake. 

2. The coarse grit or fine conglomerate, No. 738. 
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3. The Jaspery and calcareous beds that are known as the "Gull
flint beds," Nos. 737 ancl743. 

4. Gray marble, No. 747. 
5. The tilted, slaty conglomerate, and the great conglomerate, 

about Ogishkie Muncie Lake, Nos. 744, 750 and 754. 
6. The itlllphibolyte and the chloritic slates, Nos. 731,753, 3.J-8, 34H, 

350, 355, 356 and 358. 
7. Mica schists, and alternations of mica schists and syenite, Nos. 

335, 337, 339, 401, 406, 408, 414 and 417. 
8. The syenites and granites of Saganaga and Gull Lakes. 
There is yet one very important., undetermined question relating to 

this generalized section which ought to be borne in mind, viz: Ts t.he 
great quartzyte and slate formation of the international boundary 
(No 1 of this section) the snme as the highly tilted, slnty and.qnartz
yte formation which passes in to the great conglomerate? (No.6.) 

. There are some considerations which seem to imply that it is, though 
in all descriptions and sections they have been treated as different ter
ranes. (a) Where the horizontal slates approach the syenites at the 
east end of Gunflint Lake there is nothing to be seen of any beds rep
resenting the tilted slat.es. The syenites and their associated schists 
come on at once. (b )Whel'e the tilted slates and the conglomerates 
associated with them are traceable from the syenite upward to the 
gabbro as south of Ogishkie Muncie Lake, there is nothing to be seen 
of any beds like the horizontal black slates of No. 1. (c)The "Gun
flint beds" appear to belong to the horizontal slates of the internation
al boundary at Gunflint Lake, but their supposed equivalents at Ogish
kie Muncie Lake belong to schistose and tilted slates and conglomer
ate. (d)Although the horizontal slates and quartzytes of the inter
national boundary strike west and southwest across the State, forming 
one of the most important topographical features of the northern part 
of the State, and can be followed for many miles as such, yet they are 
lost entirely in the region of tIle upper St. Louis, and the tilted slate" 
are the only ones seen where that river cuts the rock at Knife Falls 
and below. (e)The great gabbro belt, which surmounts the hori
zontal slates along the international boundary, and prevails to the east 
and south of their line of strike, is seen to pass to the west of Lake 
Superior, at Duluth, and to disappear from sight suddenly between 
Duluth and Fond du Lac as if its continuance depended ~n the main
tenance of the horizontal formation with which it is associated. (f) 
Where the Gtlnflint beds becoUle a jaspery hrematite, as south and east 
of Vermilion Lake, the structure of the tilted slates passes into the iron 
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ore as if of the same formation. (g) The formation which underlief 
the cupriferous at Fond du Lac is the tilted slates, and that which un
derlies it at Gran~l Portage is the horizontal slates. 

A thorough examination of the hill-range between Gunflint and 
Ogishkie Muncie Lakes would probably reveal the facts as to any 
transition from the horizontal slates to the tilted slates. 

In going south from Ogishkie Muncie Lake toward the mountain 
range, so as to strike t,he 8l1l11mit on Sec. 34, the dip and strike of the 
rock are seen to change several times. At the shore is a fine conglOlu
erate, then quartzyte and slate in contorted bedding, then the same 
with a dip east, then the same with a dip northeast, then south, then 
coarsely arenaceous without any distinct dip, apparently once broken, 
then vertical with strike N. and S. South of the crossing of the creek, 
about half way from the lake to the summit, the rock is very confused 
(apparently brecciated and recemented), and the bedding cannot be 
made out. Then the dip is west, verging to southwest. 

Although this is not all conglomerate, on close examination it seems 
to show in the field such variation as can be referred, very much of 
it, to an original conglomeritic condition. In approaching the summit 
this condition is less and less apparent, the stones gradually losing 
their identity in a common, more homogeneous mass. 

South of the foregoing interrupted series of hills, occupied by the 
changes described, all pertaining ~o the conglomerate-quartzyte
slate formation, is the first ridge. The rock is rounded and smoothed 
by glaciation, though the direction of movement cannot be ascertained 
by any preserved stri:::e. There is a sudden change in the character of 
the rock of the hill in passing to the ridge. 

755. The rock of this ridge is a greenish, tough rock, much like 
that of No. 731 in outward character, rather fine-grained, has numerous 
quartz veins and seams, and forms a large area and ridge on the moun
tain side. While outwardly it appears like No. 7:31 it has the mineral 
composition that more resembles a dark, fine dioryte (V. 684: and 678). 

756. Passing further south, crossing a valley, another ridge is met 
with, rising higher, consisting of this rock-a coarsely crystalline 
dioryte, with a little quartz and magnetite, the hornblende being 
changed to viriclite. It is cut by-

757, a gray, rather fine, trap-rock, in a dyke running N. W. and S. 
E., six feet wide. 

Further south is another higher, bare ridge, broad and smooth, con
stituting the top of the mountain. The rock is-

758, a "trap" of a greenish color. 
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759. Occurs in patches in No. 758 and is like No. 756, but contains 
so much magnetite as to appreciably increase its weight. This is from 
the summit south of Sec. 35, about one fourth mile. 

Of the rocks constituting the mountain east of Twin Peaks, Nos. 
755 and 758, are the chief mountain-making rocks, and No. 758 is the 
most important, spreading a great distance still further south (jndgillg 
by the form and color of the hills in view), and also probably a great 
distance east. Indeed, it is probably the rock that constitutes,the divide, . 
south of Gunflint and Tucker lakes, this range being visihly a continu
ation of that. 

In passing from Ogishkie Muncie lake directly to Twin Peaks, the 
following observations were made hy Mr. Mallmann. After a space of 
conglomerate, perhaps one half a mile, there is a gorge in which [1 

creek runs S. 300 W., the rock over which it passes heing-
760. A light siliceous marhle, or calcarous quartzyte, undis

tinguishable from the marble, No. 746. On either side of the gorge 
is a wall of rock. On the west is conglomerate, and on the east is No. 

761. which is a pyritiferous, dark aphanitic rock, one of the concli
tions of the slate of the slaty conglomerate. 

762. Is from a trap dyke cutting the conglomerate, about one fourth 
mile from the ·lake. . 

South from the gorge is more conglom::rate and quartzyte, then a 
ridge, or a succ~ssion of benches rapidly ascending. The first bench, 
20 feet high, has regular bedding, and dip toward the south, but no 
basaltic structure. It consits of N 0.-

763. Which is apparently closely allied to No. 755. 
764. In a higher ridge is this rock, which is the same as 763. 
765. The top of the Twin Peak (E. Twin) is a fine-grained variety of 

the same rock. This peak, and the general average of the mountain 
range may be 500 feet higher than Ogishkie Muncie lake. The Twin 
Peaks are conspicuous because they stand isolated, further north than 
the rest of the high land, not because they are higher. 

Fox lake, which is 141 feet higher than Saganaga, affords a fiue ex
hibition along its south shore, of the broken condition of this quartzyte
slate-conglomerate formation. The bluff rises nearly perpendICular, 
but is somewhat rounded off by glaciation, and the edges of the bed
ding cross the face of it in a very tortuous and angular irregularity. 
Some of the beds which are nearly horizontal are terminated at one 
place by a perpendicular line, on the other side of which the heds are 
nearly vertical. In other places the bluff shows hoth synclinal and 
.anticlinal bends. 

7 
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Ash lake (or Agemok lake) is 200 feet above lake Saganaga. On the 
portage from Fox lake to Ash lake the formation strikes S.· E. and N. 
W., with a dip S. W. of 60° to 80°, the most of the way. It then 
changes suddenly to a strike S. W. and N. E., and then soon becomes 
confused in a general breccia. N ear Fox lake, where the beds strike 
S. E. and N. W., there is a ferruginous belt. Through about four feet 
the hard slates are rusty with hffimatite. The pieces are also feebly 
magnetic, but there is not enough iron to be of any value. 

166. Iron ore near Fox Lake. 
Gobbemichigomog lake is 210 feet ahove Saganaga. At its west end, 

just west of the town line is a northward facing hill of bedded trap, 
and a low range runs along the south side of the lake, hut the main 
hill-range strikes along north of this lake, jogging a little to the north. 

161. From the south side of Gobbemichigomog lake. A fiue
grained heavy rock of a gray color, resembling the rock No. 677, evi
(lently having much chrysolite. 

There are several short perpendicular bluffs of bedded trap, some of 
it approaching the last in characters, along the south shore of Gobbe
michigomog lake; and one of them is quite ferruginous. They rise 
from 20 to 40 feet. From one near the lake is obtained-

168. Somewhat irony trap, with chrysolite and mica. 
Crooked lake is 217 feet above Saganaga, and Little Saganaga is 225 

feet. A bout Crooked lake the country is wholly in the trap of the 
Mesabi. It rises in numerous knobs that make rounded, bare islands. 
The same rock continues to and into Little Saganaga lake where it also 
causes many islands. In some places it rots and crumbles easily as at 
Bea-:er Bay. 

169. Trap, from the N. ,IV, end of Little Saganaga. 

770. On the south side of Little Saganaga the rock weathers white. 
It rises in higher bluffs, resembling the Rice Point gabbro, and even 
approaching the whitenesfl and nearly the purity of the so called "feld
spar rock." It is mainly of feldspar but also contains magnetite an~ a 
little pyroxene. The hills and ridges show in general a course bedding 
which dips south. Ridges 10 to 50 feet high. The sample collected is 
weathered. Boulders of iron ore like that of Mayhew lake, are scat
tered about. 

East-and-West lake is 231 feet above Saganaga. 

771. Pmkish-red vein of syenite in rock No. 770, dipping E. 75°. 
It is 20 inches wide, on the south shore near the east end of East-and~ 
vVest lake. This red syenite here is comparable to the red syenite asSO-
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eiated with the gabbro at Rice's Point. In both places it penetrate" ir
regularly tllrough the gabbro. 

The lake in Frog Rock river is 2!l feet above Saganaga. On the 
portage north from the lake in Frog Rock . river are to be seen several 
veins of red syenite in the feldspar rock of the country, like 771 clip
ping E. The dip is generally south, about 50°, but iR also S. E., E., S. 
W. and even N. W. 

772. From a vein, one fout wide, of this rock in thc neighhorhood 
of the east-dipping red veins. This i" coarsely crystalline, and COllsit:lts 
of the usual minerals in the gabhro of Rice Point, lmt abo here seems 
to have quartz and mica, perhaps derived from the red rock with which 
it is in close association. This whole formation resemhles "nice 
Point granite" in outward characters, and in mineral cOlllPosition. 
It sometimes decays in round masses, as if at first H conglomerate, in 
the same manner as near the Duluth depot. (V. No.4 A.) The last 
lake in Frog Rock river is 258 feet above Saganaga. Passing from 
this lake by a long portage toward the southwest, the Mesabi lake is 
reached, 338 feet above Saganaga lake. 

773. Rock of the country, ahout the last lake in Frog-Rock river. 
It is a gabbro. This formation not only seems to be the "Rice Poillt, 
granite," and the iron-hearing roek of Mawhew lake, but also to have 
furnished the feldspar masses of Castle Danger and Beaver Bay. The 
portage from the last lake in Frog-Rock river to Mesabi lake ris(~s 150 
feet, and passes nearly all the way over this rock. Merabi lake is 70 
feet lower than the divide, and its outlet is toward the north, unitillg 
with Frog-Rock river. 

The same rock continues nearly ael'OSS the portage to Duek lake,. 
where another formation sets in, viz: 

774. This comes in apparently throllgh No. 773, at first, hut after
ward it lies on 773, and in rude lenticular and hroken bedding dil's to 
the sout~. It forms a range of hills about 100 to 150 feet high next 
west and south of Mesahi' and Duck lakes. It has heen molten, as 
evidently as 773, and in that sense it is an iglleom; rock, hut it differs 
from it in its mineral composition. It is a reddish syenite, but seem::' 
to contain mica, as well as ~ome plagioclase. In IJassillg along Duck 
lake considerahle confusion prevails in the relative positions of No:,;. 
773 and 774. Along the south side of the point that :;eparates the lake 
into N. E. and S. W. parts, No. 774 plainly lies on parts of No. 773, 
but on·the east side of the lake, there is considerable mixing, the two 
changing places suddenly, and either one being in patches in the other 
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·-particularly 774, embracing masses of No. 773, and suddenly cutting 
No 773 like dyke-rock. 

775. At the S. E. end of Duck lake 773 lies on 775, which is the 
well-known and so-called' 'rell granite." This lies in even and regu
lar beds of four to eight inches, (or in beds of three to four feet), dip
ping south, amounting in all to about twenty feet, the rock 773 being 
unconformable on it., but intimately cemented to it, as at Rice Point. 
Over both of these, further toward the S. E. No. 774, comes in again. 
(V. 776.) 

Duck lake is 34~ feet ahove Saganaga . 
. L. lake is 413 feet above Snganaga. 
The portage is along the stream hetween these two lakes and is over 

the rock-
776, which is seamed and blotched with the red rock 775 and ap

pears to he affected by it throughout. This rock prevails through 
this portage with occasionally a characteristic patch of No. 773-as 
Sfen at the south end of the portage. At the point where the portage 
leaves L lake is a bluff at the left made up of the following (777-780.) 

777. A characteristic gabbro, seamed by red syenite, and weath_ 
ering nearly white, porphyritcally, so as to appeal' much like No. 773. 
This passes downward into-

778, which was obt.ained about thirty-five feet below the top of No' 
777 and near the next. This is apparently a form of the gabbro when 
ill. closer contiguity with the sedimentaries and has been penetrated 
by minerals from them. ,It is finer-grained than No. 777 and darker, 
but also seems to have orthoclase and mica. These together, make a 
thickness of about forty-five feet, from the top of the bluff downward. 
They are one in structure, dip and general characters. They dip south 
in heavy layers at un angle of about thirty degrees. 

779. Red syenite, unconformable under 778,showing about fifteen 
feet. What appears like hedding in No. 779 may he coarse jointage, as 
there are two sets of planes, one set being perpendicular, to the bedding 
of the gabhro overlying, and the other crossing it so as to have a dip 
south of about seventy degrees. 

780 is a form of the rock in the same bluff about twenty feet below 
the top-evidently a part of the igneons rock, but affected by proximity 
to the underlying rock so as to appear like a dioryte. 

There is a striking contrast in the appearance, form and color of the 
rocks 777 and 779. 

Wind lake is 473 feet above Saganaga lake. On the portage to 
Wind lake the rock No. 777 is the prevailing rock at first, but is vaned 
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by pa.tches of red rock, and a fine-grained rock like No. 778. Then-
781 prevails, cut by seams of red rock like the last, and having sud

den variations to Nos. 777 and 778 and eve\n to No. 774. This is a 
light-colored, fine, syenitic granite. The red. rock contin\les to ill
crease in area till at Wind lake, nearly one-half of the visible area '8 

of red syenite, the rest being some of the rocks 777 or 781. The mo~t 
of the surface is bare rock and can be examined easily. The ~'ed sye
nite is in the lower parts and the other rocks are in the higher. It al
ways appears to come out mulel' the others when it appears in bulk 
and indicates its proper relation to them. The red seams which pass 
'upward into the dark rocks are exactly simulated hy the same relations 
of the gabbro and the red syenite at Duluth, and this place must be at 
about the sallIe geological horizon. There is much reason to regard the 
rocks 773, 774:, 776, 777, 778, 780, as all phases of the sallle great for
mation, an igneous rock which flowed over 775 and 77tl, and in COll

tact with them was modified into the various textures aud degrees of 
fineness that they illustrate; and that the red rock, which must be re
garded as the red formation ot the Brule and the Great Palisades, in 
the process was fused and injected into them. This red formation, 
which makes red syenites and gneisses, belong~ in the lower portion :-Jf 
the cupriferous, as hitherto classified, and seems to be the same that 
in Michigan has been grouped by T. B. Brooks in the Huronian.''' 

Along the north side of Wind lake, these formations, the red and 
the gray, are somewhat interbedded, and so brecciated and mixed that 
the bluffs are spotted promiscuously with the two colors. Sometimes, 
also, they seem to have been fused and blended into a rock that is 
neither red nor gray. 

782. A micaceous quartzyte, of a light red color, frolll the S. E. 
side of Wincllake. This is less granitoid than usual, but is still a part 
of the red rock formation. 

783. A micaceous brown quartzyte, of the same series of rocks, 
from the S. E. side of Wind lake. This is one of the metamorphosed 
sana stones of the cupriferous. 

At the place where the portage trail leaves 'Wind lake is a bluff 
which in form is a duplicate of the red quartzyte bluff's at New DIm, 
and in Rock and Pipestone counties. 

784. Is from this bluff, and constitutes the most of it. It is a hard, 
red, fine, sub-granitzed quartzyte, somewhat sprinkled with darker 
specks, that may be chloritic or micaceous, or graphite; and having 

*.A.m. JOUl·. Sci. (3), XI. p. 206. 
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rarely a rlistinct crystalline grain of orthoclase. It is in distinct sedi
mentary layers that dip S. at an angle of 20° to 25°. 

785. In irregular patches and areas, on the face of the bare bluff, 
rounded off by glaciation, may be seen this rock, which is a true igne
ons rock, nearly black, fine-grained, a trap-rock, a form of the gabbro 
>:uch as is seen along the Lake Superior shore where the molten mao 
terial was rapidly cooled in contact with the sedimentaries. This is a 
phase of the igneous rock of the country. This bluff throw~ light on 
the geology of the southwestern part of the State. If this gabbro be
longs to the cupriferous, and these red gneisses also, then may not, not. 
ouly the red C[uartzytes (Sioux quartzyte of Dr. White, and the Bara
boo quartzyte of 'Wisconsin), but also the contiguous red gneisses and 
granites of the Upper Minnesota Valley? In other words may not·the 
red gneisses and granites of the U ppel' Minneso:a Valley be in the ex· 
t.ension of the great modified cupriferons, where instead of an actnal 
molten outflow, or series of outflows, the disturbing agencies operated 
t{J prodnce a widespread and complete metamorphism in the contem
pnl'ary strata? Those granites and syenites differ widely from the 
granites of Saganaga-the only ones known to lie below the great 
conglomerate of' OgiRhke Muncie. Though the rock of this bluff is 
not a pure red quartzyte, in other places this red rock is a pure quartz
yte which can har!lly he clistinguii'lherl from the quartzyte of New Ulm. 
At the same time there are portions of the southern red quartzyte that 
ai.'''' as mnch granitized as the rock of this hluff. This is particularly' 
trne of the outcrops at Baraboo, Wis. 

Spotted Rock lake is 520 feet ahove Saganaga. This lake is so 
JHtllled because of the mixture of red and gray rock as described at the 
south end of Wind lake. Here it is all about the shores, the red gradu
ally increasing in area, and rising into hills. 

At Little Saganaga lake were fl. few green trees of Jack pine (Pinns 
Bnnksiana) ahout three or four inches in diameter, but south of that 
lake the country has been twice burnt over, as at Ogishke Muncie lake, 
so that it is almost bare of vegetation. The first burning destroyed 
the large trees, and the second, in burning the fallen forest, killed the 
new growth, which was then one to two inches in diameter. About 
Little Saganaga this young growth escaped the second fire; but in 
nearly all parts of this traverse the country north from Young Sawhill 
lake affords unrivalled opportunity for unraveling the geology of this 
much-studied hut little-known horizon of the earth's crust. 

Leaving Spotted Rock lake the canoe route passes over a long rough 
portage trail, crossing the hill range known as the Mesabi Ran,r:le. 
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This range seems to be the westward extension of that in which is 
Brule Mt., while that "Mesabi" which passes near Gobbemichigomog 
lake has been distinguished sometimes as the Giant's Range. Saw
teeth Range is near the Lake Superior shore. The Mesabi range rises 
where the trail passes it, 676 feet above Lake Saganaga, or 1,592 feet 
above Lake Superior. The dark rock which is mixed with the red 
granite formation continues to the top of the Mesabi, having its usual 
changes of texture, and a few spots of red rock. But before reaching 
the summit the texture become::; what is shown by-

786 without much variation. This is from near the top of the 
range. 'rhis is rather fine, heavy and chrysolitic. After passing 
the summit the formation is occasionally coarser, and even takes the 
characters of No. 773 in small patches and veins. 

787. Its prevailing features on the south slope are shown by this 
number, which is like other samples from the same formation else
where, a rather fine chrysolitic gabbro, which continues to South-side 
lake. From the top of the Mesabi range can he seen both the Giants 
range of hills and the Sawteeth mountains. 

South-side lake is a tributary of Temperance river. 
From South-side lake the course pursues a slow-running rIver to 

Sawhill lake, with ridges of rock No. 787 on either side rising ahout 
fifty feet, or less, occasionally with a little show of the red rock, but 
generally free from it. From Sawhill lake the canoe enters a swamp 
through which the same river flows, to a rapids, where, after a shori 
portage, a lake is reached in the same stream, the same rock continu
ing. 'rhis is known as Young Sawbill lake, and by our aneroid is 
found to be 454 feet above Saganaga lake. At the rapids the same 
rock appears, but about Young Sawbill lake the country is drift-cov
-81'ec1, and about the S. W. end of this lake the native forest is green, 
having escaped the fires. This, however, does not continue far, for at 
the south side of Rat lake the forest is fire-killed. No rock is seen on 
the portage from Young Sawbill to Rat lake, hut where the trail 
leaves. Rat lake for Burntwood lake the same rock as the last appears. 

Rat lake is 459 feet above Saganaga, and Burntwood lake is 439· 
These are hoth tributary to Temperance river. 

On the portage from Rat lake the formation is mixed with the red 
syenite. It shows the characters of the Rice Point gabbro, and irony 
patches like dykes, having much magnetite. 

On the east side of Burntwoodlake the same rock can be seen in 
place, but the prevalence of drift and the greater amount of vegeta
tion, makes the examination of the geology of the country more diffi-
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cult, and the idea one can obtain is more gener:;tl than in the country' 
north of the Mesabi range. 

The portage to Temperance river passes over a rang-e of low hills 
made up of rock like much of that already mentioned, belonging to 
the same formation, but somewhat darker colored, with magnetite and 
hornblende, approaching dioryte. 

788. Dioryte from the E. side of Burntwood lake, the rock of the 
country. 

789. From the portage trail to Temperance river lake, but rather 
darker than the average-a dioryte with much hornblende and con
siderable magnetite. 

Temperance river lake is 417 feet above Lake Saganaga. This lake, 
which is nothing more than an expansion of the river is terminated by 
rapids which have a descent of eight feet. On the portage round ~hese 
rapids almost the only rock seen as boulders are of the red syenite 
series. A lower rapid in Temperance river has a descent of thirty 
feet. Temperance river is rather a succession of lakes, or lake-like ex
pansions. The portage round the last rapids crosses red syenite all the 
way, ileen occasionally in place. The forest is killed by fire over the 
east half of the portage. At the foot of these rapids is another lake
like enlargement of the river, after which the route ascends by port
age, a tributary of Temperance river, and r'eaches a lake in this tribu
tary, which is found to be 419 feet above Saganaga lake. This last port
age passes at first along the foot of and then ascends and continues on 
a ridge of morainic drift, consisting so largely of red granite masses 
(from one to six feet) that Olle could travel the whole three-fourths 
mile without stepping off them. There is also in the mass occasion
ally a boulder of dioryte like No. 788 or 789. When burnt the whole 
country appears reel, from the prevalence of this red drift. The next 
portage leads to a lake in Poplar river, and the lake is given an eleva
tion over Saganaga lake of 449 feet by connect.ed aneroid readings. ' 
Through this po~age the red morainic drift continues, and along the 
lake also. Near the l~ke appears-

790, in one of the ridges over which the trail passes. It seems to 
make up a large part of the ridge. It is a very fine-grained, gray. 
metamorphic (?) rock, or fine basalt. 

Along the west shore of Poplar river lake are two exposures of the 
rock No. 790, and from the fact that in one place a lot of red granite 
is embraced in it, it is judged to be an igneous rock. 

791. From one of these exposures, which is almost exactly the same 
as 790. 
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Although there is abundance of drift along Poplar river, the red 
boulders are almost entirely wanting. 

Square lake is 444 feet above Sagallaga. 
Small lake is 437 feet above Saganaga. 
There is still a considerable sprinkling of red syenite in the drift 

along these lakes. New varieties of rock alRO appear, such as the trap 
rocks of lake Superior, and amygdaloid. The forest, fire-killed gener
ally since leaving Temperance river, is still standing. Camp lake is 
425 feet above Saganaga. 

Smoke lake is 411 feet above Saganaga. 
Sunrise lake is 399 feet above Saganaga. 
Rice lake is 394 feet. above Saganaga. 
Big Lake is 304 feet above Saganaga. 
There are rapids between all. these lakes. The long portage from 

Rice lake S. E. is wholly over drift, no rock in place heing visible. 
The same is true of the three portages last hefore. The country is 
rolling and shows many boulders. The stream leaving Big lake is 
three times the size of that leaving Rice lake. 

Sucker lake is 274 feet above Saganaga. 
Poplar river, where the portage from Sucker lake strikes it, is 16 feet 

ab0ve Saganaga. The portage between Big lake and Sucker lake is 
wholly over drift, showing no rock. That also to Poplar river is over 
a smooth surface of drift, without once showing rock in place. After 
a descent by river of about five feet, rapids occur which have a further 
descent of 40 feet, bringing the river here to the level of 29 feet below 
lake Saganaga. After a further descent of three feet by river the last 
portage begins, leading to lake Superior, which is found by the series 
of observations to be 737 feet below Saganaga, or 179 feet less than 
the series of aneroids of 1878, from Grand Portage. 

The Sawteeth Mountains through which the Poplar river passes in 
a narrow deep gorge, rise above the trail which runs near their hase 
563 feet, and 1111 fc:et above lake Superior. 

These mountains seem to be made up, here, of the trap-rock of the 
shore series, but become coarsely crystalline, or porphyritic, gradually, 
toward the top, as shown by samples obtained at different elevations, 
VIZ: 

792. From the foot of a hill facing north precipitously. N. E. ±, 
Sec. 20, T. 60, 3 W. on Poplar river. This is a high, trap hill, like 
others in the vicinity. 

793. From the foot of the last hill (or nearest Lake Superior), west 
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side of Poplar river, 600 feet above the lake, similar to the last. A 
chrysolitic trap. 

794. From the same hill one fourth way up. The same rock, with 
an occasional crysta! of twinned feldspar porphyritic ally displayed. 

795. From the same one half way up. The same rock with coarser 
feldspar crystals. 

796 From the top of the hill, 1111 feet above lake Superior. Thi~ 
is the same rock, with more abundant coarse feldspar crystals, the 
matrix, which constitutes about one half of the mass, being undis
tinguishahle from the rocks 793 and 794. 

There may be beds of amygdaloid in this hill, hut none were seen. 
On the very top of the hill is red clay drift, and boulders, and the last 
portage trail is over a nice plain of red stony clay, gradually descend
ing to Lake Superior-the lower half·of it being suitable for farming. 
The actual connection of this hill with the rock of the shore is not 
visible along the trail on account of this drift. The only opportunity 
for tracing it out there would he in the difficult, if not impracticable, 
ascent of the river gorge itself. 

Rocks from various pal·ts of the State. 

797. The trap of Taylors Falls, (Y. 820.) 
798. Porphyritic trap, of Taylors Falls. 
The number 797 contains nothing that prevents it being classed as 

an igneous rock, and it may he of the cupriferous, but the latter (798) 
has hornblende and orthoclase, as well as epidote, and has the aspect 
of a metamorphic rock. 

799. Light-colored syenitic granite. Saganaga lake: The first 
island on entering the lake from the east; same as No. 316. 

800. Syenitic granite, from the falls of Gunflint river, at the first 
portage going north from Gunflint lake; the same as No. 315. 

801. Gray,micaceous syenite. From S. E. t, Sec. 17, T. 35, R. 30, 
about two and one half miles S. E. of St. Cloud, on the east side of t~e 
Mississippi river. A large,rounded knoll of this syenite was opened in 
1881 by Saul paugh & Company for use in the piers of the R. R. 
bridge over the Missouri at Bismark. It is a rather coarse rock, con" 
sisting mainly of quartz, orthoclase, hornhlende and hlack mica. The 
orthoclase is only in part flesh colored, the rest is nearly white. This 
knoll covers 25 or 30 acres and rises about 20 feet above the general 
surface, the longest diameter being E. and W. (a little N. of W.) but 
oblong. A dyke four feet wide cuts it N. E. and S. W. consisting of 
heavy trap rock, very fine grained, viz: 
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802. Trap dyke cutting No. 801 in direction S. W. and N. E.; 4 
feet wide. This rock, being much jointed, would facilitate the quarry
ing of No. 802, had the quarry been started along side of it. 

803. Red quartzose syenite from an old quarry of Breen & Y onng, 
E. St. Cloud. IJi general the "red granite" at E. St.. Cloud iH but a 
small pai·t of the whole of the rock. 

Between the quarry of Breen & Young and that lately opened by 
Saulpaugh & Co , is a ridge of high land running E. and 'V. (nearly), 
which seems to consist of drift materials. 

804. Gneiss, from Granite City. (Garrison.) 
805. Light colored syenite, Wahl), like No. 801, Imtrather finer in 

grain. 
806. Light, red syenite, vVatab. 
These last two numbers represent the stone going into the piers of 

the Bismark R. R. bridge, quarried here also by Saulpaugh & (:0111-

pany. The gray is changed to the red in fin interval of abont six 
inches. The north portion of the quarry is red, and the rest is gray. 
These two numbers seem to duplicate numbers SOl and 803. This 
range of syenite runs N. and S. at least two miles, flml some of the 
knolls rise 10 to 20 feet. East of this quarry are sflid to he similar 
knolls, some of them rising 25 or 30 feet. (V. No. 835.) 

At Duluth the rock No. 43, which outcrops near the railroad in the 
street in front of the Engine House, where it has been quarried lat.ely 
for use in the basement of the new School-House, and extends N. E. to 
the falls of Kinichigaquag creek, makes an important member of the 
rock series visible on the hill-slope at that point. Much of it is bare' 
nort~-east of the Engine House, within the limits of t,he city, show· 
ing, on weathering, a finely and indistinctly porphyritic structure, 
but in the main it is a massively bedded, homogeneous, rlark rock, 
with numerous joints, the surface being frequently ghwiatec1. 

807. Passing toward the N. W. from the line of strike of No. 4:3, 
and thus onto rocks underlying No. 43, at t,he distance of about one
fourth mile, (but also somewhat to the westward) a rough, blotched 
rock is found spreading over a considerable area, running in the same 
general direction as No. 43. This, in general color, is like the last, but 
it is much finer in grain, and owing to its rough and blotched exterior 
under the weather, it must have been a conglomerate at first. Were 
it not for this blotched exterior, which shows a variation in composi
tion, it would be placed at first in the general class of fine basalt, or 
diabase-like some of the narrow dykes, or like t,he rock adjacent to a 
dyke where the heat has baked it and allowed it to cool rapidly, leav-
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ing it nearly black and very fine-grained. This conglomerate, whil~ 
closely connected with the gabbro range, is unlike anything seen in 
the Cupriferous, and recalls the great conglomerates of Ogishke Muncie 
lake, although no tendency to slatiness can be seen anywhere. It has 
occasional light quartzose nodules, somewhat micaceous, but the m,ost 
of the pebbles are of the color of the rock, except on weather'ing. In 
other places, by reason of the weathering, and the fires that have pre
vailed, a red banding is seen rudely conformable with the supposed 
bedding, which, on being broken reveals a texture and fracture as well 
as color and hardness, of the quartzytes of Pigeon Point. This No. 
(807) illustrates this gray quartzyte, but not the general character of 
the conglomerate. 

808. Underlying this supposed conglomerate is the red syenite, or 
at least a red quartzless rock, (which is sometimes brown rather than 
red) which is associated intimately wIth the gabbro at Duluth. This 
red rock is t,o be seen in irregular' patches in the gabbro on the hill
side; and by carefully following it downward, it is seen to outcrop 
along the bottom of the creek in such proximity to the conglomerate, 
with a dip S. E. as to throw it under the conglomerate, unless there 
be in some way unusual irregularity in the trend and extent of these 
heds. The red rock is visihle under the bridge, and above it in the 
creek, on the diagonal road going N. toward the Weller Farm, yet 
within the limits of Duluth. (Y. Nos. 42 and 43.) 

By following the strike of the red rock westwardly the following 
facts can be ascertained by anyone: 

1. It falls away, except on the higher slopes, or breaks away so as 
to disappear, for the distance of .about half a mile, though a lower 
strike appears near Superior street. (N o. 42.) 

2. This interval is followed by a rock showing orthoclase in the 
gabhro, as well as quartz, as in the rock at the Depot, (No.5); and in 
the lower slopes N. E. of the the Rice Point quarry, this character is 
abundant. This seems to be explicable on the hypothesis that the 
gahhro flowed over, fused and mingled intimately with the red rock. 
But it may be of a lower l:ock horizon, referable to the horizon of the 
diorytes and their associates in the rocks of the northeast angle of the 
State. (Y. Nos. 671 and 709.) 

3. This "red rock" which is in much of its area, quartzless, be
comes the red syenite that has been described as mingled with the 
gabbro, then showing qnartz." This is probably due to the eomplete 

"Se.e Proceedinuo of the A ",erican AS8ociation for the Ad'Dancement of Science, 1~81. Clntinnali 
MeetIng, 
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fusion of the original sedirilentary beds, allowing the otherwise invi"i
bIe quartz, disseminated cryptomerously, to become aggregated in 
crystalline grains. At points more distant from the gabbro the only 
crystals to be seen consist of orthoclase, or of orthoclasc and change.(l 
hornblende. The number 800 represents the complete crystallization 
of the elements, and is from Newson's old quarry, at Duluth, while 
Nos. 7 and 42 are from the same without the crystallization of the 
quartz. 

Owing to the great general resemblance of the conglomerate (above) 
in its matrix at least, to the rock No. 43, which is seen in fr·ont of the 
Engine House at Duluth, and which overlies the conglomerate there is 
reason to suppose that they belong together, and that hence they are 
both 0';- the metamorphic series. If the red rock be of the cupriferous, 
these must be, since the former runs below the latter. The question 
then arises, why is this dark-blue or black, and the red rock reel. 
. This cannot be due to greater heahng and baking, which sometimes 
has been the canse of black rocks, locally, as described on the Lake 
Superior shore, in No. 52, and at other points, since under such cir
cumstances the red rock remains reel. Hence this seems to he due to 
difference of original constitution, making it resemble the rocks of the 
Animikie Group. 

809. At Boyle's quarry, on the railroad above Fond au Lac, is a 
. layer of red shale, lying in the heavy sandrock, which is much like 
the pipestone from Pipestone county. Its greatest thickness is sixteen 
inches, and it extends at least thirty feet, when it disappears under 
the drift clay. 

At the quarry on Mission Creek, a short flistance above :Fond clu 
Lac, in the liqht-colored parts of the sandrock are streaks and shades of 
red or brown, both in those parts having oblique sedimentation, and 
in those having horizontal. In some cases these dark streaks embrace 
lenticular pieces of shale, in which case the central parts of the pieces 
embraced are red or brown, and the outer crLlst is green. In some 
pieces the whole is green, or has a very faint central shade of red. On 
the contrary in the brown parts such red or brown' lumps of shale are 
wholly brown, and have no crnst of green. This seems to show that 
the original color of the shale lumps was red or brown, and that by 
some chemical reaction those in the lighter beds of the formation have 
become wholly or partly green. Thus, green specks and sometimes 
large green spots, at least green lumps of shale, are disseminated 
through the lighter beds, and red lumps through the dark brown beds. 

810. Coarsely crystalline "feldspar rock" from two and a half or 
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three miles below Beaver Bay, showing coarse lamination, and evi. 
dent striation. (V. No. 814.) 

811. "Red granite," massive, from the large red granite island 
three or four miles below Beaver Bay which is arched on the lakeward 
side. 

812. The "palisade rock," two miles west of the Palisades, S. E. t 
Sec. 32, T. 56, 7 W., resembles the gray slaty rock at the mouth of 
Beaver Creek. In some places the Palisade rock here has the appear
ance of being' crumpled, and also of having been originally in some 
places a conglomerate. Another bluff of light-colored Palisade rock 
occurs about one and one-half' miles west of the Great Palisades. The 
trap rock which occupies the coast between here and the Great Pali
sades, runs under this Palisade rock toward the west. It shows a 
broken and zigzag line of junction with the palisade rock, parts of 
each penetrating the other, as if each were nearly molten. A little 
further west it also embraces masses (say ten feet) of the palisade 
rock, hardened and blackened by quick cooling, showing its sedimen
tary (or other) closely jointed structure in marked contrast with the 
massive or heavily bedded, non-conforming layers of the trap. (V. 
No. 52.) 

The west end of the Palisades rises over the greenish and reddish 
(and then amygdaloidal or red porphyritic) trap, very plainly. 

813. (V. 140) The lowest visible part of the rock at the Great 
Pa~isades, is confused and crumpled, in the same manner as where this 
rock is in contact with trap a short distance further west, as noted I 

above. Yet it is very difficult to see the underlying trap, on account 
of the continuous heavy talus. This number represents the red banded 
felsite from the bottom of the Great Palisades. 

There is apparently a continuous belt of this rock underlying the 
Palisades, outcropping in a narrow belt neal' the water. It is mingled 
in various ways with a crumpling of banded rock like that of the bulk 
of the Palisades (139), and with crumpled bands of light color, some 
of which stand verticle, or are curved obliquely, some of the latter 
showing It porous or even a spongy condition due to the solution and 
removal of SOllle of the minerals. There is also a hard, dark, brittle, 
fine felsite, though porphyritic like the rest, but occurring in nodules 
and concentrically banded masses which endure more effectually the 
weather. They seem a more hartl-heated and burnt condition of the 
Palisade rock. Indeed great confusion exists at the bottom of the 
Palisades, due perhaps to the forcible injection (as laccolites) of igne-



STATE GEOLOGIST. • 111 

QUS rbck below, breaking, crumpling, baking, fusing and metamorphos
ing rapidly the adjacent beds." 

814. There is one place two and one half or three miles east of 
Beaver Bay, where the "Feldspar rock" is bedded, and dips easterly, in 
aU respects like the usual trap of the shore. It here shows also a con
fused mixture with the trap, in which in other places it seems to be 
(and is) embraced as isolated masses, as at Splitrock Point. This 
bedded condition is very evident in coming from the N. E. as the con
spicuous surface slopes in that direction. N arrow dykes of finc
grained, gray doleryte cut the feldspar rock. One dyke is six inches 
wide, and one is about nine. They are about parallel, 25 feet apart 
and run E. and W. by compass. The feldspar here is very coarsely 
crystalline and is representecl by No. 810. The alternate beds consistil 
of bands of coarse crystals, succeeded by layers of fine crystals in which 
are also numerous grains of a more rapidly disintegrating mineral 
which by becoming disseminated stains the whole of a green color. 
This disintegrating mineral seems to take the place of the augite seen 
in the gabbro, therefore, the bedding is an alternation of gray, coarse 
feldspar, with green, decaying gabbro. No. 814 represents the felds
par stained with the gl'een-weatlzel'iug mineml. The bands of color are 
from three to six inches, fading into the uncolored, clear, feldspar, 
above and below. About 20 feet of this bedded feldspar can he seen 
here. (V. 694.) 

815. From the same place as 814, represents the gabbro of more 
massive character with which the feldspar (810 and 814) is confusedly 
mixed, but between which there is not seen here any gradual transi
tions. 

From the Palisades, (and Baptism river) to Splitrock, is one great 
igneous bed, which by appearing ancl disappearing at the waterline, 
seems to have been the principal agent in bringing out the geology and 
causing topography. It lies uncler the rock ofthe Palisades, and under 
the red islands &c., as at Beaver Bay, and over the feldspar knobs, from 
both of which it has derived fragments. The metamorphosed red 
shales above, making the reel series of crystalline and semi-crystalline 
rocks of the shore, were apparently hrought into that condition by 
the agency of this igneous rock, but the relation of this igneous rock to 
the "feldspar rock" is not so easily ascertained. It is certain that the 
gabbro of Rice's Point is only the usual condition of the feldspar rock, 

"The immediate proximity of igneouo rock, along the coast usually, does not show the mo.st perf~ctly 
changed and crystalline condition of the sedimentaries. nor t,ice verBa; but when large bodles?f eIther 
are invoh'ed the crystals are be.t formed The immediate contact Is a pl~ce of crypto.crystalhlle rock, 
both I'ocks tenEling to suddenly become alike, and generally almost 01' qll1te black. 
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and hence that the gabbro range of which Rice Point is the we~terr 
termination, lies below many feet of red, metamorphic sedimentar. 
beds that apparently belong to the Cupriferous. 

816. (V, 532 and 551.) Pieces of rock like the "Rice Point granite,' 
embraced with evident feldspar boulders also, in the trap at Beave~ 
Bay, sometimes in large blocks. This seems to be the same rock a! 
the "feldspar rock" or a variation from it. Indeed there are here alse 
masses of coarsely crystalline, green, trap-rock embraced as isolatei 
blocks, in the finer green trap. The gabbro, and the "feldspar ,'oak" 
all pre-existed, and bore the liame relation to an ou{flow oj later igneoul 
,'oele, This point shows a wonderfully confused and brecciated condi· 
tion prior to the final cementation. 

The red rock appears, at Beaver Bay, as pebbles and boulders in the 
dark trap, and as strings and veins. It is in contact with masses of 
feldspar, crowded between it and trap. The spots and masses of red 
rock are distribut,ecl, in some cases with pieces of the feldspar rock, 
throughout the trap, showing the accession of both ingredients when 
the trap was molten, and even contemporaneously. The "feldspar 
rock" is derived from previously hardened outflows, and the red rock 
from the sedimentaries at the locus of the outflow. It is true that a 
long interval of time may have elapsed between the former and the 
later outflows; or indeed that the "feldspar rock" is of an entirely 
different formation earlier. Any older formation might furnish loose 
masses to an outflow of trap. 

The interesting facts about Beaver Bay may be summarized thus: 
1st. The feldspar masses are blocks detached from their parent rock. 
2nd. The trap in which they are embraced is in some places much 

affected by the infnsion of minerals from' the sediment aries, and then 
shows a reddish color, but it is generally of a greenish or greenish 
black color. 

3rd. Besides this effect on the trap, as seen near the mouth of the 
creek on the north side, there are included masses of red syenite, and 
of the ashen-brown, or purple, rock seen near the mouth of the creek. 
(N os. 127 and 528.) 

4th. These red masses are sometimes in contact with and firmly 
cemented as by fusion to the feldspar surfaces, and also show a basal
tified jointage. 

5th, The red syenite here can hardly be called syenite in all cases, 
but is instead a nearly black (at least a dark purplish) fine-grained rock 
which in outward characters resembles the Two Harbor rock, but at 
the same time shows translucent, angular grains like the Palisade 
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;rock. This fine-grained condition is seen when it is near the rotting 
green trap. 

6th. The red syenite here was apparently at first a red conglomer
.ate, showing the irregularit.ies of color, hardness and minerals that 
:snch a metamorphism produces. 

7th. There is within a few inches a passage from the red crystalline 
'Characters of the bluff on the south side of the creek to those of the 
above fine-grained black rock, the rock being one continuous mass. 

8th. The red rock is not ouly a metamorphosed conglomerate, but 
it was brecciated and then mingled with the trap so that angular pieces 
,appear in the trap when worn off by glaciation. 

9th. The red rock was fluidized. It runs about in belts and veins, 
not only between the trap and the "feldspar rock", and through the 
lerap, but also through the "feldspar rock." 

10th. The feldspar rock here passes into gabbro, or at least into a 
rock like the Rice Point rock, and then it is more generally mixed 
'with the red rock. 

11th. On close examination it appears ·that even as "feldspar rock" 
it must have been as completely molten as the red rock itself. 

12th. This red rock also appears as the palisade rock, rising in a 
knob near the creek, on the north side, with the lithologic characters 
,and jointage, and translucent grains of that rock. 
,13th. Under this knob lies a rotting green trap, visible on the 
:north side. A little further east, but within the bay, this green trap, 
,although basaltified, is beautifully mottled and striped with the red 
rock. 

14th. Still further east, on the north shore of the bay, the green 
irap holds both red masses of the sedimentaries and white masses of 
ihe feldspar rock, the latter being, however, more nearly like the 
Rice Point rock, at least in some large masses-yet much of it is un
mixed and clean feldspar. 

The above observations, carefully made at Beaver Bay, seem to de
.cic1e certain points that before were largely hypothetical, or were based 
<on generalizations from a grand review of the geology of the "north 
shore," and not on special and minute study of the notes made or of 
ihe specimens collectec1. 

(1.) The Great Palisades are of a rock, the equivalent, geologically, 
()f the slaty quartzyte eN os. 127 and 528) at Beaver Bay and below 
that point; and to the red syenite of the islands below Beaver Bay, 
Rnd of the west bluff of Beaver Bay; and to the red (often quartzless) 

8 
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rock associated with the gabbro at Duluth. These beds also consti· 
tute the red bluffs at Tischer's and New London, as well as the reel 
rocks at Baptism river, and the eastern palisades. In a number of in
stances the bottom of this great red (metamorphosed) shale has bee11 
found to be a conglomerate. 

(2.) The feldspar masses are of the same rock (geologically) as the
Rice Point gabbro, and both are the result of copious, and perhaps. 
one of the earliest, igneous outflows of the Cupriferous. The more· 
copious the igneous outflow, the coarser the resulting crystalization 
and the higher the hills formed, as well as the purer the labradorite' 
material. The later outflows derived fragments from the "clinker 
fields" and from the knobs of feldspar already formed, as they passeer 
along; and when these had been covered by later sedimentation SUcl:L 

sedimentary beds were also involved in the later upheavals and fusions_ 
(Y. No. 817.) 

(3.) It seems as if an igneous outflow,-perhaps the great labrado
rite-was thrust laterally under the sedimentary beds that went to 
form the palisades, heaving up those beds, and sometimes fusing them, 
and mingling with them, as seen near New London and at Beavel
Bay, though no such evidence can be cited to show the laccolite for
mation in later strata. (V. No. 521.) 

It must be admitted that it is not at all certain that the lahradorite
outflow was the earliest, so far as the observations go. It is simply 
the most conspicuous, and seems to lie nearest the Huronian. Besides: 
this it is still a question whether the green basaltic traps, as at the 
east side of Beaver Bay, and as that coming out from under the Great· 
Palisades, or the melaphyr-like traps as at Petit and Grand Marais, can. 
be shown to pass into t.he gabbro without the intervention of any 
change but difference of proximity to the center of outflow. It is: 
probable that such a gradation can be shown, the rock at Knife River 
Point being an intermediate step, and that at Encampment Island an
other. 

To illustrate the steps in the change from the feldspar rock to the' 
ga b bro, reference may also be made to several large masses lying in 
the water near the red bluff at the west point of Beaver Bay on the
east side of the bluff. 

817. Hardened shale, from a brecciated, semi-metamorphosed recl-. 
dish conglomerate at Two Harbor Bay, lying immediately over the 
Two Harbor rock, tmd immediately under heavy green doleryte con
taining masses of feldspar, (V. No. 525.) This shale is charged with 
laumontite. Certain blotches are charged with it, particularly in the 
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form of amygdaloid, the cavities being about one-fourth inch, and 
less, in diameter. The blotches, or spots, make up sometimes the 
most of the rock .. They are without any order of arrangement. 1n
tercallated amongst them are laminatecl patches and seams of red ma
terial which is fine-gr'ained, and was probably a shale at first, clis-

. seminated amongst a coarse conglomerate in the same manner as shale 
. is often seen disseminated throughout a conglomerate, (as at Manitou 
river); the laminae being parallel with the general dip. Of this con
glomerate breccia thirty-five feet are to be seen. 
. The bottom of the overlying trap is a perfect pudding-stone of pieces 
of gabbro and feldspar masses. The largest mass of "feldspar rock" 
at the point east of Two Harbor Bay shows a bedded, at least a handed, 
structure running nearly perpendicular from top to bottom, similar to 
that describecl east of Beaver Bay (No. 814.) It is crossed obliquely 
by an old dyke, which dyke is faulted, about midway of the bluff, 
about two feet. A small dyke also runs near the water about horizon
tal, derived from the trap at the left which, near the water, seelllS to 
run below the feldspar. This lower part of the trap holds a piece of 
the red syenite, near the water level. 

As to the "Two Harbor rock," its character and origin are still to 
be determined by more minute examination of the samples collected, 
and by further field observations. It has been referred to as a me
tamorphic rock, in some of these notes, but it has also very much the 
aspect of a fine-grained, igneous rock. It has the jointage, as well as 
the general homogeneity of trap, and the red bands crossing it, and 
the gEl-odic spots seen on its surface, perhaps, have originated from the 
overlying sedimentary conglomerate. It does not have the appearance 
of being, exactly, the equivalent of the quartzless red rock at Duluth, 
but it must occupy very nearly the same stratigraphic position. 

818. On the east side of Splitrock Point is a grand pudding-stone 
of feldspar, gabbro and dark-trap masses cemented still by a dark trap. 
The most of the so-called feldspar here is really gabbro, very much 
like the Rice Point rock. This number is from such gabbro-like 
pieces. 

East of this point, but within the same bay, are feldspar masses that 
show the green bandinglor bedding. The!bands run nearly perpen
dicular. The lighter-colored bands are much more coarsely crystalline 
than the darker, which is also true at the point two and a half or three 
miles east of Beaver Bay, (814.) This is also cut by dykes and gener
ally mingled with the matrix of dark trap in great confusion. 

819. From the top of the high hill back of Silver Creek-the high. 
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est hill near the mouth of the creek, yet on the west side, rising 41E 
feet above the lake, though at a mile further back it rises perhaps 15C 
feet higher. 

At Flood Bay (next east of Burlington Bay) are frequent slabs of 
Jaumontitic sedimentary shale strewn on the beach on the east side. 
They are at the same time Randy, of a brick-red color, with spots of 
Jighter reel, and of green, like the Fond du Lac sandstones The 
amygdules consist of calcite ;~ndlaumontite, but principally the former. 
Some of these slabs have distinct markings of fucoidal stems, some of 
them being large and long. As these slabs are evidently from the for
mation that forms the shore line generally, though where they are 
found no rock bluff is exposed, they unmistakably prove the sedimen
tary origin of the rec11aumontitic amygchloicls so common on the north 
shore. in anot.her line of evielenc.e. 

820. Trap roc.k, at the railroad c.ut, Taylor's Falls. This is c.rys
blline, tough, greenish with that internal struc.tnre that Prof. Pump
elly assigns to melaphyr, i. e. there are almost imperceptible forms of 
c.rystals that permeate the roc.k, [mel are so completely filled with the 
ot.her c.onstituents of the roc.k that they do not appear distinctly till 
the rock is weathered. They are generally about one-third or one
fourth inch in diameter, hut they do not show any angles, and they do 
not have the c.olor of pyroxene. When they are distinctly brought 
out they are seen as spots that completely speck the face of the bluff. 
They disintegrate more rapidly than the rest of the rock, sometimes 
assuming a green chloritic character that causes them to make little 
pit:;; as large as a pea all over the surface, due to the more raiJid re
moval of this green mineral; all'1 sometimes t.hey become gra~ gradu
ally, giving the appearance of noduleR of siderite disseminated through 
the whole. 

821. Shows the green-weathered spots of the rock No. 820. The 
change to the geen mineral takes place at depths of ten to twenty feet 
below the surfac.e, in the railroad cut. 

822. Shows the gray-weathered spots of the rock 820. This takes 
place nearer the natural surfar,e of the ground, and at the surface. 

In No. 820 are seen sometimes small pebble-like lumps of red jasper, 
and larger c1epo~its of chalcedony, the latter sometimes being elongated 
lcnticnlarly, some like gash veins, four 01' five inches The chalce. 
dony also appears as pe bble-like masses and as fillino' to scattered 

'" eavities somewhat in the manner of amygdaloid. Coating the joints, 
whieh are often slickensided, is frequently a green slippery mineral 
like delessite. Sometime~ the chalcedony is more pure quartz, and is 
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mingled sparsely with calcite. These characters are those of an igne
ous rock, and at the sallle time this rock differs quite distinctly from 
the gabbro at Duluth. The jasper and chalcedony recall the c1issemiu
ated red jasper and quartz pebbles of the conglomerate at Ogishke 
Muncie lake 

823. Pebbles from the conglomerate forming the lower part of the 
bluff excavated by t,he railroad where it crosses the highway south of 
Taylor's Falls. The bluff here is red-spotted and composed of a curious, 
coarse, conglomerate. It is dark-colorer! generally, looking SOllle like 
the trap formation about Taylor's Falls, but the jointage and the tex
ture are different Some of the surfaces are variegaterl with coatings 
of green, radiated malachite, a:Jc1 some are shined green without show
ing evidently the mineral producing the color. Some also are nearly 
b.lack and some jasper-red. It is in some spots coarsely vesicular, or 
like pumice, or like amygdaloid. The Hmygc1ules received quartz 
at first, (as shown by the perfect terminations of crystals) and suhse
quently calcite and chlorite. SOllle of it is ha.nnatitic, and has a 
streak of red. It was here evidently a shale-conglomerate, hut it has 
the appearance of having been h,eatec1 and hardened, as well as mixed 
perhaps with igneous matter. In some places it is fine and crumbles 
like a dry shale. In some plaees its conglomeritic composition appears 
on weathering, t,he litHe rouncted pe b hIes (of hardened shale, or of fine 
argillaceous quartzyte), rolling out entire. The pebbles have a great 
resemblance to the rock itself, but there are none of quartz, They 
are somewhat changed by decay. 

824. The upper portion of this bluff consists also of a curious con
glomerate, the matrix of which is represented by this number. It is 
a com'pletely crystalline dolomite (apparently, though not yet anal
yzed) which effervesces in acid when powdered, and which contains 
fossils of Lingl/./ce &c., and nodules of course calcite crystals. Every 
grain is a perfect crystal; but in t,he upper part of the bl nffthis matrix 
becomes free from pe bbles, and forms beds of dolomite like that seen 
in numerous other places along the St. Croix valley. 

825. Thp- great hulk of this upper portion is made up of houlders 
contained in No. 824, of which 825 is a sample. They have been said 
to have come from the "trap" of the region, and perhaps they do, hut 
they are not like the rock 820. They are sub-angular and somewhat 
rotted. They are porphyries, of a green color, (now) or are homoge
neous, resembling some of the rock seen in the Huronian. It is in 
these boulders that the green coatings of malachite are seen. 

This conglomerate, which has its lower portions quite different from 
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the upper, can hardly be separated into two by any distinct line of 
superposi.tion. The matrix of the upper portion runs below parts that 
resemble, and indeed are the same as the conglomerate of the lower, 
while some masses above, embraced in thi.s matrix. seem to be like thE 
underlying conglomerate, and crumble in the same way. The lower 
characters occupy a thickness, visibly, of six feet, at the highway cross
ing, though in ascending the hill toward the north, it probably in· 
creases, while the upper characters have a thickness of probably 75 
feet, rising to the top of the hill further north. Yet this interval is 
not all visible. 

826. At the top of the hill north from the last, in front of Mr. 
Folsom's house, the rock 820 shows an alternate banding that resem
bles stratification, and would ordinarily be taken for that. This is seen 
over the surface of one or two square rods. The rock in general here 
is smoothed off by glaciation, and this character comes out distinctly 
on the planed surface. It is less coarsely pitted by the weathering 
out of the in visible crystals than at the R. R. cut. Indeed the band
ing that simulates that of sedimentation, consists in finely pitted belts 
on the surface of the rock alternating with nun-pitted bands. The dip, 
if tIns structure be due to ongmal secllmentatlOn, IS .N. l!.;. abuut 45° in 
amount, as evinced by a thin layering that slopes in that direction, and 
which has a tendency to split in beds from one mch to six inches thick 
coincident with this banding. The rock here also contains chalcedony 
nodules and is scaHeringly porphyritic, resembling thus the pieces 
found in the upper portion of the conglomerate, No. 825. 

The rock that form~ the rapids in St. Croix river, half a mile above 
the town of Taylor's Falls, is essentially the same as that in the R. R. 
cut, hut is less coarsely and conspicuously pitted by the weathering 
and decay of the invisihle crystals supposed to he pyroxene. It is 
more frequently supplied with quartz, either white or chalcedonic, 
than the other, and is also striped with red granite, or at least with a 
red mineral in blotches and vein-like deposits like flesh-red orthoclase, 
which is also mingled with white quartz; Along the river gorge this 
rock weathers and crumbles glohuliferously, much like the trap-rock 
seen on the north shore. It has a course and irregular jointage, and 
sonwtimes a conehoidal fracture. It is not truly basaltic, even in the 
Dalles, like the hasalt of Grand Marais; yet there are in some places 
frequent perpendicular joints that divide it into columns. These are 
cut nearly horrizontally by other joints. Hence coarse columns result 
from weathering, which are broken horizontally into cuboidal or 
rhomh;~idal masses. The banding which looks like sedimentation, 
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near Mr. Folsom's, does not appear generally,-indeed is not known to 
.occur at any other place. 

827. From the lower portion of the conglomerate, showing the con
-,tained pebbles and the matrix which seems to be of the nature of 
;igneous rock, from the top of the hill east of the R. R. crossing of the 
l1ighway. 

828. Samples of the finer part of this conglomerate where the 
l!ement is not igneous, from the same place. 

Concerning this conglomerat,e certain things can be definitely stated, 
-VIZ: 

1. It is extensive, and spreads widely northwestward, even rising to 
.the tops of the hills toward the shaft sunk by Mr. Taylor. It appears 
jn the street, and in the yard of W. H. Cummings, where it is so firm 
.and bold in its outlines, as to appear to be of the real trap formation of 
the region. . 

2. It contains waterworn boulders and trap of the region, some of 
-them being porphyries and some not, thus showing the agency of wa
ter in its origin. 

3. The cementing material is, in the main rock, very much like the 
l)oulders, but finer-grained, and sometimes amygdaloidal, thus indicat
ing a possible igneous agency in the origination of thhse parts. 

4. It is coarser in its composition near the trap-rock outcrops than 
:at a distance from them; yet the superposition of the conglomerate on 
the trap cannot actually be seen. 

A short distance above Taylor's Falls, at an old quarry in the bluff 
of the river, the upper part of the conglomerate is so fine as to make a 
regularly bedded rock about twelve feet thick, and passes for a sand· 
rock. It here contains Linyu/ce, (Discina?) and an occasional small 
trilobite. Below it becomes coarser and embraces half-rotted pebbles 
and boulders from the trap. The matrix here also contains grit, some 
·of the pebbles also being of quartz. 

On the Wisconsin side the trap is in outcrop in a large ridge about 
four miles below Franconia, along the road to Osceola. At Franconia 
the sandrock runs down to the level of the river; near the bottom it is 
greenish-blue and shaly, and sheds water. This shaly impervious 
stratum extends down the shore below Franconia, and is visible along 
near the water-level on the west side of the river, rising sometimes ten 
feet above it. On Lawrence creek, near the Franconia Mills, is a bluff 
which overhangs, on account of the crumbling out of the loose sand 
below. In the crumbling part are numerous laminations of bluish 
shale which cut the sand into lenticular beds or patches, and the sand 
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itself is cross-bedded. In the crumbling sand are thousands of little 
Lingulce, and Discince. 

829. A mile and a half below Franconia is an isolated bluff, rising 
45 feet above the river, composed of the curious conglomerate seen at 
Taylor's Falls. It here presents the same mingling of characters that 
may be referred to igneous and sedimentary origins. The great mass· 
consists of trap boulders, considerably rotted, some of which are as. 
large as a barrel. In the coarser portions of the conglomer~te the 
cementing material is a finer conglomerate of pebbles of the same kind 
of rock, and in other portions it is a fossiliferous ferruginOl;s, gritty or 
magnesian sediment, the fossils of which are the same as those seen in 
the crumbling sand at Franconia, and sometimes apparently an amyg
daloid. The change that has taken place in the original structure of 
the conglomerate by partial decay, and perhaps by heat, makes it. 
often difficult to distinguish between the pebbles and boulders, and the 
cementing material. The lower portions, if any, are those that seem 
to have been cemented by the action of heat. A specimen was here' 
obtained of an amygdaloidal part (of the cement ?) which contained 
fossil shells within less than half an inch of the amygdaloid, both of 
which, were it. not for the contradiction involved, would be pronounced 
to belong to the cementing material. 

In conclusion, judging from the facts here recorded, this conglom
erate shows evidences of some kind of metamorphic action in its lower 
portions, but the phosphatic shells penetrate far down into it and. 
occur even amongst the metamorphic characters. The evidence that 
this conglomerate was formed under water, even its lower portionsr 
consists in the rounded forms of the conta,ined boulders, while the' 
aqueous conditions of the upper portions are plainly shown by the' 
shells, and by the fact that further up in the formation it graduates t(} 
a fine conglomerate and. to dolomitic sand rock. (Samples 829 rep~e-' 
sent some of the finer portions of the conglomerate.) 

830. At Sioux Falls, Dakota, may be seen a light-colored schist, of 
a talcose character, and pea-green color fading to nearly white, similar 

. to that seen at Baraboo in connection with the quartzyte bluffs. It 
here lies in the rock and becomes a white catlimite. Below the pres
ent level of the water of the dam, but formerly exposed above the 
water, is a layer of white, or pinkish-white catlinite, four feet thick,. 
embraced in the rock that produces the falls. 

831. Samples of spotted-red quartzyte, like that at Sault Ste Marie,. 
Michigan, and like some parts of the Fond du Lac sandstone, showing 
a probable identity of the geological horizons at those places. It is 
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possible. that these light-colored spots are caused by the absorption of 
the iron through chemical change, and that by careful examination 
the cementing material would be fonnel to be feldspathic. 

The red quartzyte formation at Sioux Falls dips 6 to 8 degrees to the 
south. The beds are purple within, especially the thick ones, but 
toward the outside, and along the joints, they are changeel in color to 
a rose red, or a pinkish red. None of the hrick-red, heavily iron
stained color can be seen. The changp that takes place by weathering 
not only changes the color but also the hardness, so that the rock goes 
into a loose sandrock again and crumbles in the hand. This takes 
place to so large an extent that in suitable places it is gathered and 
used for mort,ar. There are also some heels that are wholly now, (so 
far as can be seen) in this friable condition. The sand that results is 
a pure selica, nearly white, and translucent, though it is apt to show 
at first a slight pinkish tint rising from the remains of the cement 
among the gJ:ains. There is visible here, of the bedding, fifty feet, 
(estimated) allcl the river goes over the beds from south to llorth, pro
ducing a fine water power. In Olle place there is a gorge fifteen feet 
high and from seventy-five to eighty feet wide. 

832. Spotted (amygdaloidal '1) samples of t,he brick-red quartzyte 
from Redstone, near New DIm. 

833. Red shale, the lowest rock seen in the R. R. cut at Redstone. 
This is four or five feet thick, the upper portions being rather slaty and 
tough. Some of the higher layers are sandy from disintegration as at 
Sioux Falls, and some are hard and quarzitic, and all are of a darker 
reel color. Some beds are spotted, perhaps from an incipient amygda
loielal structure. Mr. Nicholas Thinnes, who first opened thp quarry 
at Redstone in 1857, avers that some of the rock of the formation here 
is "granit," the same as some of that at Little Rock, a fact which, if 
verified, will unite the format.ion with that, and will show its analogy 
to those tilted red semi-crystalline beds in the northern part of the 
state (V. Nos. 783 to 785.) But this crystalline structure has not been 
seen at Redstone by any member ofthe geological survey. 

834. Slab of red quartzyte from Sioux Falls, showing the finely 
pitted exterior of the individual sand grains on the removal of the 
white schist, No. 830. 

t:\35. Gray, coarse-grained granite, in color much like the gabbro at 
Duluth, from the E. St. Cloud quarries. This was formerly used in 
connection with the rocks 803 and the finer grained gray granite like 
that at Sauk Rapids indiscriminately for construction, but owing to 
its large content of quartz, it has been abandoned for those varieties 
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more easily wrought. All these sorts are to be seen in the trimmings 
of the Custom House at St. Paul. But that now generally used is to be 
seen in the trimmings of the New Union Depot, at the same place. 

836. The pink quartzyte known as the "jasper rock" locally, from 
Sioux Falls, Dakota. This is a pinkish granular quartzyte, but with 
a cement that, on disintegration, allows the rock to become a white 
sand. 
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II 1. 
THE POTSDAM SANDSTONE. 

It is well known that geologists are not agreed on the question: 
"What is the western representative of the Potsdam sandstone of New 
York State?" The correct determination of this interesting problem 
has an important bearing on the interpretation of the stratigraphy of 
Minnesota geology, inasmuch as all the different horizons involved in 
the investigation are widely represented in the State. Those horizons 
are as follows in descending order: 

1. The light-colored sandstones seen in the Mississippi river hluffs, 
and the bluffs of the St. Croix, from Taylor's Falls to Winona, con
taining species of Lin,qulce and trilobites, generally distinguished by 
this survey as the St. Croi:c Sanristone. 

2. The red and light-colored horizontal sandstones that hound the 
south shore of Lake Superior throughout most of Wisconsin, and 
much of Michigan, flxtending from Sault St. Mary to Fond du Lac, 
holding fucoids and Scolithu8. 

3 The red sandstones anfl shales, with the associated conglomerates 
that are involved with the trap-rocks of Lake Superior, furnishing 
metallic copper, lately known as the- KelOeelli,.-n ji)J'lWdioll. 

At different places Nos. 1 and 2 have been seen unconformahly over
lying portions of No.3, and in others No.3 has heen seen passing into 
No.2, or at least into a sandrock that was taken for No.2, while No. 
2 itself seems to be the equivalent of heds that in other places repre
sent No. 1. 

While it is perhaps impossible at this time to state which of these 
three, or which two of these three, have the greater amount of evi
dence in their favor, it will conduce to the progress of the investiga
tion to ascertain and collate some of the facts that bear on the geology 
of this disputed terrane, and to review briefly the progress of opinion 
and investigation in the Lake Superior region. In the light of late 
explorations in the West, and of late investigations in the East, per
haps it will be possihle to reach more nearly a correct conclusion than 
at any other time. In the first place it will be well to summarize the 
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opinions held by different geologists who have expressed any opinions 
respecting the Potsdam sandstone of the West. There was a school of 
geologists between 1840 and 1858 who regarded the Lake Superior 
sandstones as not of the Lower- Silurian, and some are found even to 
this day. They were not united among themselves, but were divided 
between .JurasRo·Triassic, Devonian, Upper Silurian and Carboniferous. 
After the in vestiga' ionR of Dr. D. D. Owen and the report of Foster 
& Whitney, unprejudiced geologists very generally accepted the con
clusion that they are of the Lower Silurian, and lately the facts re
corded by Dr. C. Romiuger seem to place their Lower Silurian age 
beyond doubt. Thus the question is brought within narrower limits 
and the doubt that still exists perta'ns only to their exact horizon in 
the Lower Silurian, or in other words, where in the West the Potsdam 
sandstone is found. It was until lately that the same uncertaintyex
isted within the limits of an individual State, respecting the equiva
lency of berl~ in the Carboniferous age as they extpnded from one side 
to the other, * and the problem was finally settled by tracing a well
known sandrock formation from north to south, and bringing all the 
other strata into order above and below it. Perhaps some such pro
cess may be applied to this question. 

But before entering upon that a glance may be taken at the various 
opinionfl that have heen held. These opinions may be grouped under 
sixteen heads, but the' present state of knowledge compels us to ignore 
many of theRe opiniolls, which reduces the groups to be considered to 
ten. The sixteen groups are as follows, with the names of those who 
have advocated them: 

Summary..of Opinions. 

1. Those who regard No.1 as the Potsdam sandstone -Logan, White. 
2. Those who regard No. 2 a~ the Potsdam sandstone-Logan, Brooks. 
3 Those who regard No.3 as the Potsdam sandstone-Rogers (W. B.), Dana, 

Winchell (N. H.). 

4. Those who regard all of them as the Potsdam sandstone-Hall, Foster, Whit
ney, Winchell (A ), Dana, Kloos, Owen. 

5. Those who regard Nos. 1 and 2 as the Potsdam sandstone-Whittlesey Cham
berlin, Irving 

6. Those who r· gard Nos. 2 and. 3 as the Potsdam sandstone-Hubbard, Rivot, 
Rogers (W. B.), Whittlesey, Marvine, Rominger, Wadsworth. 

7. Those who regard the Lake Superior sandstones as Calciferous and Potsdam 
-Dana. 

S. Those who regard the sandstones of Lake Superior as Calciferous-Dana. 
9. Those who regard the Lake Superior sandstoIlllloS as Potsdam, Calciferous and 

Clmzy-Logan. 

*OhlO. 
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10. Those who regard the Lake Superior sandstones as Quebec - Logan, Hunt, 
Pumpelly, Dana, Hall. 

11. Those who regard the Lake Superior sandstones as JUl'asso-Triassic
Houghton, Ruggles, Jackson, Shepard, Hogers (H. D.), Owen, :Marcou, Dana, 
Bell (or Permian). 'II. 

12. Those who regard the Lake l:3uperior sandstone as Upper Silurian-Jack
son. 

13. Those who regard the Lake Superior sandstone as Devonian-Locke, Bigs
by and Bayfield. 

14. Those who regard the Lake Superior sandstones as Permian MacFarlane. 
15. Those who regard the trap anll sandstones of No.3 as CamIJrian-Logan, 

Bigsby (Whittlesey older than No.1). 
16. Those who regard the tmp and sandstones of No .. 3 as Huronian-Selwyn. 

ReferI'll ces. 

Opinion No. 1. Geology of Iowa I, 171; geological map of Canada, 181)6. 
Opmion No.2. Geological survey of Canada. Rep. for lS4G- i; American Jour

nal of Science, 1852, XIV, 226; Geology of Wisconsin, 11373, III, 433. 
Opinion No.3. Proc. Bos. Soc. Nat. fTi?, 1800, VII, 3M; Rep. Minn. Survey, 

1872, 68; Ibitl1876, 2(l; Dana'S Manual of Geology, edition 1~G2, p. 173 74. 
Opinion No.4. Paheontologyof New York III, 79; Heport on the Geology of 

the Lake Superior Land District, Part II, p. 137; Proc. Am. Assc. Aclv. Sei., 1851, 
Y,22-38; Am. Jour. Sci., 186'\, XXXVIi, 226; Sixteenth Hegcnts' Heport N. Y. 
State Cabinet, p. 119; Dana's lIIan. Geol., 1862; Gcologische Notizen ans Minne
sota, Zeit. d. deut. geol Gesell, 1871; Oweu's Heport on the Geology of Wisconsin, 

. Iowa and Minnesota, 1852; Proe. Am. Asse Aclv. Sci., 1855, X., 204; Leonhards' 
Jahrbuch, 1877, Erstes lIeft, pp. 31, 113, and 225. 

Opinion No. ii. Geology of Wisconsin, 187:3, III; Geol. Wis., Iowa and Minn , 
461. 

Opinion No.6. The Mineral Regions of Lake Superior, lJY J. Houghton, ,Jr., and 
T W. Bristol; Senate Documents, 1849-50, 31st Cong., 1st Sess , III, p. 802, 842; 
Ibid, 1845-6, 29th Congress, 1st Sess., YII No. 357, p. 2-29; Annales des Mines (5) 
1855, VII, 173; 1856, X, 364; Proe. Bos. Soc. Nat. I-list., 1860, VII, 394-399; Proc. 
Am. Assc. Adv. Sei., K,'CIV, 1875, 60; Mineral Regions of Minnesota, 1866; Gcol
ogy of Michigan I, Part II, 187:3; Ibid Part III; Proc. Am. Assc. Adv. SCi. XXIX, 
429. 

Opinion No.7. Dana's Man. Geol. 1862, pp. 172-74. 
Opinion No.8. Dana's Manual of Geology, 1874. 
Opinion No.9. Geology of Canada, 1863, p. 67-86: Can. ~at. and Geol., 1861, 

VI, 119. 
Opinion No 10. Am .. Jour. Sci. (2), 1861, XXXI, pp. 21G, 302; Ibid, IS6:l, 

XXXIII,321; Can. Nat. and Geol., 1861. VI, p. 81; Geol. of Canada, 1863, pp. 605, 
698; Geol. Map of Canada, 1866; Dana's Manual of Geology, Ed. of 1874, p. 182; 
Alll. Jour. of Sci. (3), II, p. 351. 

Opinion No. 11. Am. Jour. of Sei. (I), XLIX, 62-72; Ibid, p. 81-93; Assc. Am. 
Geo!. and Nat., 6th meeting;"1845, p. 53; Bul. Soc. Geol. France, 1850-51 (2), VIII, 
101; Geology of North America, by Jules Marcou, Zurich, 1858, p. 64; Hep. on 
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Chip. Land Dist., 1848, pp 57-58; Sen. Does., 1847-48, VII, No. 57, p 134; Am,. 
Jom Sci., 1843 (1), XLV, 160; Proc. Bos. Nat. Rist., 1864, II, 124; Dana's Manual 
vf :Mineralogy, 2nd Ed., 1857, p. 305; Rep Progress Geol. Sur. of Can., 1866-69, p.' 
321. 

Opinion No. 12. Proc. Bos. Soc. Nat. I-Iist , IlI,p. 335. 
Opinion No. 13. Qual'. Jour. Sci. Lond., 1824, XVII, pp. 1-34, 228-269; Am. 

Jour. Sc~., 1824 (1), VlII, 60-88; Trans. Lit. and Rist., Soc. of Quebec, 1829, I, p. 
1; Locke's Beport, 1847. 

Opinion No. 14. Can. ~:1t and Geol. (2), III, p. 256. 
Opinion No. 15. Trans. Brit. Assoc. Atv. Sci., 1851; Edin. New. Phil. Jour. 

LIII,55; Geol. Wis., Iowa and l\Iinn., 461. 
Opinion No. 16. Can. Nat. and Geol. (2), IX, 17; Rep. Prog. Can. Geol. Sur., 

1877-78. 

If we discard those whose opinions make the Lake Superior sand
stones post-Sillll'ian, and also those who regard them as pre-Silurian, 
of the remaining, by far the greatest weight of aut.hority falls on 
proposit.ion No.6, which assigns Nos. 2 and 3 to the Potsdam. 
Proposit.ion No. 4:, which assigns them all to the Potsdam, follows 
next in weight of authority. 

In this emluiry it will be necessary in the first place to ascertain ex
actly what the Potsdam sandstone is stratigraphically, lithologically 
and palaeontologically. This will involve an enquiry into the nature 
of the formations that lie below and above it in New York and New 
England Secondly, it will be necessary to ascertain what formations 
in the West approach most nearly to' an equivalency with the same 
horizons. 

1. What is the Potsdam of New York and New England? As 
to the lithological characters of the Potsdam in New York the follow
ing is from the annual report of Dr. E. Emmons, Jan. 1838: "This 
rock is a true sandstone, of a red, yellowish-red, gray and grayish
white colors. It is made up of grains of sand, and held together with
out a cement. Inter-mixed with the siliceous grains are fimer par
ticles of yellowish feldspar which do not essentially change the char
acter of the sandstone, but show the probable source from which the 
materials forming it were originally derived, viz.: some of the varieties 
of granite. Unlike, however, most of the sandstones, it is destitute of 
scales of mica. The coloring matter of the rock is evidently oxide of 
iron, but unequally diffused through it, giving it intensity or deepness 
of color according to its quantity. In some places it is almost want
ing, which makes it, when pulverized, a good material for glass. The 
grains and particles in its composition are generally angular, but where 
it takes the character of a conglomerate, as it does in the inferior 
layers, they are frequently rounded. The thicker strata exhibit an 
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obscurely striped appearance, owing to the prevalence of certain 
c'olors in the different layers." In his final rep(Jl·t on the agriculture 
of New York Mr. Emmons says of this rock: "This sandstone is more 
uniform in its characters than most of the individual rocks in the 
series. At Potsdam it is yellowish-brown; at Moira and its neighhor
hood, and also in Mooers, it is nearly white and sandy; at Chazy it 
is of a deep red at the bottom, and gray towarrls the top, while at 
Whitehall, Corinth, Hammond aud near Glen's Falls· it is graY,1 and 
more or less crystalline. In many places it is a coarse conglomerate, 
as at Mooers in Franklin count,-, and at DeKalb in St. Lawrence county. 
It is of course a siliceous rock, yet it does not exclude other substances 
or elements; for, a true sandstone, far from being composed of pure 
siliceous sand, admits into its composition mica and feldspar, oxide of 
iron, and probably even a greater variety of the primitive minerals, as 
hornblende, pyroxene, &c., in a state of fine division." 

Mr. Mather, in his final report on the first district, speaks of the 
Potsdam in the following terms: "The Potsdam ,;andstone is a hard 
siliceous sandstone, white, red, gray, yellowish, anel frequently striped. 
It is well developed at Whitehall." ........ "Some of the strata of 
this rock are covered with the most heautifully characterized ripple
marks, as perfect as if just formed on the sanel of a sea beach, while 
the rock is of the most indurated kind of sandstone." .. .. .. .. 
" Fucoidal impressions are also seen in some of the strata of this rock . 
.. .. .. .. L It is a hard stone to dress, and is one of the most durable 
kinds of rock." ........ "In some places, in its lower part in partic
ular, it is a metamorphic rock, having more or less the aspect of 
gneiss, except that mica is absent. Half a mile west of Putnam's 
Ferry, where it overlies granitic rocks, it is in an intermediate state, 
having the general aspect of a primary rock, but still shows its 
rounded gravel and sand." Mr. Mather mentions other places where 
it has been changed by metamorphic agency. In the northwest part 
of Clinton county, and in St. Lawrence and Franklin counties the 
lower portion of the Potsdam is a conglomerate, which in SOllle places 
reaches the thickness of 300 feet. 

Where the formation appears in Vermont it runs in mono-clinal, 
long or short, sharp ridges, and is thus spoken of by Dr. Edward 
Hitchcock in the first volume of the final report on the geology of Ver
mont, 1861: "Its lithological characters. vary very little. In conse_ 
quence of a metamorphic action we reckon three varieties: 

1. Pure siliceous sandstone. 
2. Hornblende schist. 
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3. Gneiss. 
"The first of the trio is what is universally known as Potsdam sand:~ 

r:.tone, a hard, compact., thick-bedded sandstone, and perfectly homo
geneous in structure, unless metamorphosed. Its color is generally 
w hi te in the eastern part of North America; it being red upon the 
shores of Lake Superior." * * * "The second variety cannot be 
distinguished from the hornblende schist which occurs among the azoic 
rocks of Vermont and New York." .. .. .. .. "The third variety 
very closely resembles the Laurentian gneiss. It seems to pass into 
it by insensible gradations. All the cpnitituents of this rock are very 
small, and occasionally the feldspar or the mica may be wanting. 
These hornblende schists and gneiss rocks, ind:cate a change has 
passed over a part of the Potsdam sandstone, analogous to the meta
morphism t.hat has so obscured the rocks of eastern Vermont; for such 
rocks as gneiss, &c., are not found, except by the crystallization oftlie 
constituent minerals after the acclllnulation of the sediments." Dr. 
Hitchcock also mentions veins of "g-ranite" in the Potsdam at West 
Haven, whose feldspar is lahradorite. At the time of Dr. Hitchcock's 
report the "red sandrock" of Vermont was not admitted within the 
Potsdam, nor was the "quartz rock" running along the western base 
of the Green mountains, but ;n earnest discussion was then going on 
between Professors Hall, Dana, Emmons, .:.v.t:arcou, Billings, Logan and 
others, concerning the geological position, and the actuality of any 
such system as had heen designated Taconic, claimed by Prof. Em
mons to lie directly below t.he Potsdam: Vide Am. Jour. Sci, 1861, No. 
91; and Can. Nat. and Geol.. 1861, Vol. VI, p. 106. 

2. As to the palooontology of the New York typical potsdam. Prof. 
Hall reports in the first volume of the palooontology of New York, 
besides Scolitlws linearis, two spieces of Lin,qulce, viz: prima and antiqua. 
To this list have been added since a species of Hyolithes from Keeseville. 
Am. Jour, Sci., July 1871, p. 32; 1873, p. 211, vol. 5; imperfect speci
mens of supposed Plelll'oto'll1aria and Cl)lIocephalites minutus, from Keese
ville. The last may belong to the beds below the Potsdam, as described 
by Brooks, Am. Jour. (3) IV, 22. In the state of Vermont have been 
discovered several species of trilohites, aR well as ot~er species of trilo
bites and brachiopods at Troy, N. Y., (Am. Jour. Sci., 1873, vol. VI, 
p. 134; vol. XI, 1876, p. 369.) But as their position in the formati.on 
is still in douht, while s0111e of them, especially those from Georgia, 
Vt. and Troy, N. Y., have been shown to belong below the Potsdam, 
in statigraphical sequence, none of them should be embraced in the 
fauna of the typical Potsdam. At the same time the term Potsdam 
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has been extended loosely over these strata, especially by those who 
are adverse to the Taconic ~roup of Emmons. (Am. Jour. Sci., 1880, 
vol. XIX, p. 152; Ibid, 1880, vol. XIX, p. 153 and p. 225.) 

3. One of the results of the Taconic discussion was the establish
ment of the essential correctness of Prof. Emmons' claim, that beneath 
the Potsdam sandstone was still a fossiliferous horizon, which when 
metamorphosed constituted the roofing slates and talcose rocks of 
eastern New York and northern Vermont, though he perhaps extended 
it without warrant over areas where he had not sufficient evidence of 
its actual continuance. This error however, no more invalidated his 
daim to the correct establishment of his system than a similar sup
posed error in the extension of the Hudson River rocks where they 
were not proven to exist in Vermont, Massachusetts and east.ern New 
York, destroyed that system. Geol. Wis., 1862, p. 443; Proc. Am. Ass. 
Adv. Sci., 1877, XXVI, p. 259. The palmontological invest.igat.ions 
of Mr. Billings, seconded by Mr. Barrande, and of Mr. Ford, have am
ply demonstrated that beneath the horizon of the Potsdam sandstone is 
a series of rocks containing a primordial fauna, consisting of argilla
ceous'slates, black slate, and thin-bedded' sandstone with some lime
stone. This formation, sometimes known as the Georgia Group, 
is probably the equivalent of the Acadian of Dawson. According to 
Brooks, these strata, as they occur at Keene Station in St. Lawrence 
Co., N. Y., consist of magnesian schists, crystalline limestone and 
sandrock like the Potsdam but containing beds and veins of granite, 
the whole amounting to a mininum thickness of 700 feet, (Am. Jour. 
Sci. (3) IV. 22.) 

4. The fossil species, described bv Mr. Ford from these lower Pots
dam, or Taconic rocks near Troy, N. Y., are sixteen, and a portion 
are identical with fossils from the Acadian. On the strength of 
palmontological differences Mr. Ford states that he considers these 
beds to occupy a lower' geological horizon than the typical Potsdam of 
New York, and to be of nearly, if not exactly, the same age as the 
Georgia slates of Vermont, and the limestones on the north shore of 
the straits of Belle Isle. The fauna he regards "wholly distinct 
specifically from that of the upper Potsdam of Wisconsin and the true 
Potsdam of New York," (Compare Am. Jour. Sci., (3) XIX, 152.) After 
Mr. Barrande had indicated the primordial character of the trilobites 
of the Georgia slates, and Messrs. Billings and Logan had accepted 
his suggestion. Prof. Hall also recognized the strength of palmonto
logical authority and admitted that the Potsdam of the New York 
survey was not the true primordial base. This true primordial zone is 

9 
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characterized in America by such trilobites as Paradoxides, Conoceph
alus, Arionellus, Conocoryphe, and Olenellus. 

5. If we next inquire ';"-hat formation lies above the New York 
typical Potsdam, we shall find the Calciferow:; Sandrock described by 
Prof. Emmons as follows :-(Final Rep.) "Considered as a totality this 
is one of the most heterogeneous rocks in the New York system. That 
part which furnished the name is well designated under the descrip_ 
tive term, and is easily recognized." This is a gray mass with spark
ling grains of lime, but an impure limestone, being mechanically mixed 
with fine grains of sand and slight interlaminations of argillaceous 
matter. Another variety is a fine-grained and blue limestone, and 
another is red or chocolate colored, consisting of sandstone slightly 
interlaminated with shale, 

Mr. Mather thus designates this formation: "The rocks are calcareo
siliceous, and sometimes one and sometimes the other predominates. 
and gives character to the rock. The water-lined laminre of deposition 
are very conspicuous in some of the strata of the Calciferous sandstone. 
* * * * There are numerous small patches where these rocks have 
been upheaved and exposed, that are not continuous for any consider
able distance '* * * *, having been fractured across and heaved out of 
place along faults transverse to the lines along which the principal 
dl::lturbances have taken place. ,. This formation in N·. Y. lies under 
the Chazy limestone. 

6. The fossils of th~ Calciferous in New York, as reported by Prof. 
Hall in the first vol. of the palreontology of New York consist of the 
following: 

Two species of Pal(jJophychus. 

One species of Buthotrephis, Lin,qula aC1tminata, Euomphalus uni-
an,qulatus. 

Two spiecies of Maclurea. 
Two species of Ophileta. 
Two species of Turbo. 
Pleurotomada turqida. 
Two species of Orthoceras. 

To these Mr. Billings has added very many species from the adjoin
ing portions of Canada, including gasteropods, brachiopods, and cepha
lopods. Of trilobites are fourteen species referred to the Calciferous , 
viz.: two of Amphion, six of Bathyurus, one of Asaphus, and others of 
Agraulos and Conocoryphe. The rocks of the Quebec group, which are 
placed by Prof. Dana above the Calciferous, seem to embrace both 
stratigraphically and palreontologically, the whole range of beds from 
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the base of the second fauna to the top of the Chazy; and over two 
hundred and twenty species have been described from this group. But 
their relation to the Potsdam is still a matter of doubt. While strati
graphically they are placed above the Potsdam by Billings, Logan, 
Dana and Hall, they still have many of the species that have heen 
reported from the west,ern so-called Potsdam, viz. : 

Four species of Leptcena. 
Fourteen species of Ol'this. 
Three species of Linqula. 
Two species of Obolella. 
Two species of Stricklanclia. 
Two species of Ecculioil'lphalus. 
Seven species of Plenrotomaria. 
Two species of MUI·chisonia. 
Three species of Ophileta. 
Two species of Holopea. 
Seven species of Metoptoma. 
One species each of Helicotoma and Maclurea. 
Seven species of Orthoceras. 
Six species of Cyrtoceras. 
One specie of Nautilus. 

Three species of A.qnostns. 
Two of Arionellns. 
Two of Asaphus. 
Eight of Bathyu}'us. 
Two of Cheirurus. 
Eight of Ditkelocephalus. 
Three of Menocephalus. 

TRILOBITES. 

And one each of Amphion, Amphyx, Conocephalites, Holometopus, 
Illcenus, Nileus, Shwlnal'dia and Leperclitia. Mr. C. D. vValcott has 
also lately found the following new species in the Calciferous in Sara
toga county, New York, viz.: Platyceras minutissimum, ]Jletopt01na 
comutaforme, C€mocephalites calciferus, Conocephalites Hartii, Ptychaspi.~ 
speciosus and Bathyurus annatus, of Billings. He remarks that "the 
occurance of a species of the genus Ptychaspis, associated with cono
cepkalites calcifel'us and C. Hartii-species related to Conocephalites 

. Wiscol1~ensis and C. Iowensis of the Potsdam fauna of Iowa and 'Wis
consin-relates the fauna of the Calciferous formation of New York 
with that of the Potsdam sandstone of Iowa and vViseollsin." 
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We have now stated the essential features and the stratigraphical 
position of the typical Potsdam sandstone of New York, as given by 
the best authorities, and it will be best to recapitulate briefly, 

1. It is a red or gray loose sandstone, often tilted 01' faulted, also 
metamorphozed, and then having the mune of quartzyte, 

2, It contains but very few fossils, three undoubted species being 
the most that cnn be referred to it, but not distinctly primordiaL 

3, It is underlain by n series of black slates and sandstones, with 
some limestones, ,,"hich have exhihited in Vermont, at Troy, N, Y., 
and at the Straits of Belle Isle, a decidedly primordial type of life. 

4. It is overlain hy a formation which exhibits hut few fossils in 
New York, hut which in Canada holds a diversified fauna, placed by 
BarrallCle, Billings and Logan near the bottom of t,he second fauna, 
contaiuing, alllong other sppcies, numerous genera of trilobites. 

If in the same manner the formations of the Lower Silurian in the 
west that lllay possibly he the equivalents of these tJJree of New Yark, 
he reviewed, SOllle light may he thrown on the question of the paral
lelism of the K e,," York Potsdam in it,s western extension. 

1. The lo""est formation known in the northwest, which may be 
parallelized 1yith the foregoing, is that whi~h Sir "\Villiam Logan de
nominated at. first the" Lower Volcanic Group," and subsequently the 
"Kaministiquia Slates," and which Dr. T. S. Hunt has named the 
"Animikie Group." It is the same as that which contains the silver 
mines of the northwest shore of Lake Superior. It is briefly described 
in the Seventh Annual Report ofthe Minnesota Geological Survey. It 
consists emphaticall;" of slntes, hut it contains many heds of gray 
quartzyte, and some of dolomite. It passes downward to the Gunflint 
heds of northern Minnesota, and seems to lie unconformably on the 
formation that has been accepted as the Huronian. It is cut by igne
{lUS dykes, and is interbedded with what appears to be a diabase rock. 
No fossils have heen found in it. The slatines,:. of this formation is 
dne to the horizontal sediment,ary lamination, so far as seen, and not 
to a superinduced cleavage. The extent of this formation northwest 
of Lake Superior is unknown toward the north hut it extends east and. 
west at least one hundred and twenty-five miles. It is helieved to oc
cur in Michigan and Wisconsin, since mention has been made in geo
logical reports of those States of a "black slate" in the Potsdam form
ation. Proc. Am. Assc. Adv. Sci., IX, 208; the Mineral Regions of 
Minnesota-Whittlesey, 1866, p. 4. Stratigraphically this seems to 
occupy the place of the Taconic rocks at Troy, N. Y., and of the Geor
gia Group of Vermont. Lithologically it has a close resemblance, ana 
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palreontologically the evidenc~ of parallelism is simply negative, i. 
e., as 110 fossils' have been found in it, no comp~rison can be made on 
that basis. 

2. The foregoing formation is overlain by the Cupriferous rocks of 
Lake Superior (No.3 above), wheth'er conformably or not is not 
known, but so far as the evidence goes it appears in Minnesota to 
graduate into the overlying formation conformably, and unconforma
bility is not reported by the Canadian geologists at Thunder Bay. This 
formation is pretty well known, so far as its associated 'igneous rocks are 
concerned, and the equivalency of its sedimentary portions with the 
Potsdam has been the subject of much discussion. A summary of 
opinions has already been presented. It is only neceRsary here to 
mention its outward characters, and to compare them with the three 
formations of New York, to each of which it has been referred by dif
ferent geologists. 

It is a red formation of shale, sanclstone and conglomerate, metamor
phozed by igne6us upheaval and fi:acture, locally changed to gneiss, 
syenite and hard, red quartzytes, anel is interbedded with doleryte and 
mixed with gabbro. In it have been seen only the non-characteristic FIl
coides, but its association with repeated igneous outfio,~ is sufficient 
reason for the non-existence of animal life in the era of its deposition. 
Still if the sandstones of Tequamenon Bay in Michigan be considered 
its equivalent it may be said that two species of Linqula have been 
taken froUl this formation. Dr. Rominger, however, who has care
fully examined the Upper Peninsula of Michigan, unhesitatingly places 

. these in conspicuous formation, as he also does the bed of breccia con
taining the Dikelocephal1ts on the Menominee river 11ear Grand Rapids. 
-Geol. of Mich., vol, I, Part III, pp. 73 and 80. The beds at Mar
quette containing Pleurotomaria are placed by Mr. Billings in the Cal
ciferous. 

The lithological characters of this formation, therefore, ally it UIl

mistakably with the typical sandstone ot Potsdam, while stratigraph
ically it lies above a similar series of black slates ana sandstones as in 
·eastern New York and Vermont. If it be borne in mind that the 
typical Potsdam has a very meager fauna, consisting of but three spe
cies not characteristic of that horizon, it has a very close resemblance 
in its fauna also; and it is not unreasonable to suppose that when this 
horizon in the northwest has been as minutely examined as the typi
cal Potsdam has in New York, an equalnum bel' of Lin.gulae may be 
found in it. . 

3. It is the overlying formation, however (Nos. 2 and 1), which af-
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fords the hest material for comparison ;vith eastern rock horizons, as 
it is marked by a fa una very diversified and characteristic, and is easily 
traced, hy a series of explorations by competent geologists, from the 
Mississippi river to Canada, with no very important interruptions, 
making a very close cmmection with an allied, if not an identical, 
formation in eastern Canada. Here are placed in one formation the 
foregoing Nos. 2 anel1, not because there is certainly any line of sep
m'ation between Nos. 2 and 3, nor the absence of one between Nos. 2 
anel1, but hecause on comparing the described characters of 1 and 2, 
they seem to occupy nearly the same geological horizon, and for the 
present purpose can best be considered as one. They consist of light
colored siliceous sandstones with some dolomitic layers Hear the top. 
They nre horizontally stratified, amI are seen in different places to lie 
nnconforma hly upon t,he tilted layers and trap rocks belonging to No. 
3-01' the copper-hearing rocks. This is the case at Taylor's Falls, 
Minn., and at Kewenaw Point in Michigan. vVhile it would perhaps 
he an arbitrary line which should set them off as a distinct formation 
from the copper-hearing series, they still need to be distinguished from 
that series on account of great lithological differences and stratigraph
ical position, as well as on account of the rich fossil fauna they have 
afforded. The fossils that have been described from the bluffs of the 
Mississippi and St. Croix rivers hy Dr. Owen (Geo1. Wis, Iowa and 
1\1inn.) and hy Prof. James Hall (16th Regents' Report) are all from 
this formation, and it requires but a glance to see their resemblance 
to that fauna which has heen found in Canada and described as in the 
Quebec gronp. These fossils, as enumerated by Prof. Hall in the 16th 
N. Y. Regents' Hepol't, :1re as follows: 

Five species of Linqula. 
One species of Linr;ulepis. 
One species of DisciJ1a. 
One species of auella. 
One species of Orthis. 
One species of Platyce}'((s. 
One species of Euomphalus. 
One species of Theca. 
One species of Serpulites. 
One species of 8endrograptlls 
Awl of tri{ouites the following: 
Six species of Dili'elocephalus. 
Eighteen species of Conocephalites. 
0ne species of Arionellus (?). 
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Three species of Ptychaspis. 
One species of Cha/·iocephalus. 
One species of Illaenurus. 
Dne species of Triarthrus . 

. Three species of A.qnostus. 
Dne species of Aglaspis. 
Dne species of Pemphigaspis. 
One species of Amphion. 

135 

With such an array of identical genera, not to say species, it is safe 
to assume identity of geological era for these strata with those con
taining such a fauna in Canada-Pal. Fossil, p. 198; Am . .J om. Sci. 
(2,) XXXI, 222. It is to be admitted that these fossils have not yet 
been discovered in the arenaceous strata extending through northern 
Michigan, although the sallle friable formation, occupying the same 
stratigraphical horizon, extends frolll vVisconsin to the east end of 
Lake Superior, and has been traced by Prof. Chamberlain and Dr. Ro. 
minger. They are there kept constantly distinct by Dr. Rominger, 
from the l.1llderlying red sandstones, which he says are generally firm, 
and become disturbed by igneom; upheavals in their lowel' portion. 
The sandrock, cut by the canal at Sault St. Marie, he says is the low
er red sandrock." 

To· what eastern formation this fossiliferous belt may finally be as
signeel, whether to the Quebec or to the Potsdam, it certainly shows 
the paheontology of the Quebec; but at the same time Prof. Hall has 
cautiously assigned it to the Potsdam of New York. He has also as
signed the sandstones of No.3 and No.2 to the same, and his author
ity, therefore, to a great extent, nullifies itself. 

It seems, therefore, that so far as present available information will 
warrant us in coming to a conclusion, we can accept the following as 
probable if not certain: 

1. The Taconic Group was correctly establis by Prof. Emmons, 
though its limits, stratigraphically and geographically, were at first 
wrongly defined by him.·~ 

2. The Georgia Group of Vermont, and the Animikie Group of 
Thunder Bay, and the Acadian of New Brunswick, are the equivalent 
of the Taconic of Emmons. 

3. The Taconic has the true primordial fauna of Barrande. 

*See Hunt on the identity of the Calcifero". and We. tern Potsdam, Can. Nat. and Geol. (3) VI, 87; 
Azoic, Rocks of Penn. 1878. Report E., pp. 107 and 108. 

tCompare Dana's investigation of the so.called Hudson River Group, in Mass., Vermont and New 
York. Am. Jour. Science, various papers in 1872-80. 
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4. The Potsdam, which lies conformably above it in the east, II 
represented by the rocks of the copper-bearing series in the west. 

5. No fossils, representing the true primordial fauna, have yet been 
discovered in the west, nor have any been found in the western repre-
sentative of the Potsdam. . 

6. The "second fauna" of Barrande is found in the Quebec grou~ 
of Canada, and in the St. Croix sandstone of the west, lying in eac} 
case above the Potsdam sandstone. 
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IV. 
TYPICAL THIN SECTIONS OF THE ROCKS OF THE CUPRIF

EROUS SERIES IN MINNESOTA.* 

By N. H. WINCHELL. 

In northern Minnesota the cupriferous rocks, when crystalline, con
sist of two distinct types. One serie is iqneolls, and one is metamor
phic. 

The former may be broadly comprehended under the term dolel'yte, 
as defined by Prof. J. D. Dana. The most frequent representative of 
this group is the rock gabbro, consisting essentially of labradorite, 
augite and titaniferous magnetite. It produces the dark-colored and 
heavy rocks of the shore, is seen as layers alternating with the nOll
crystalline and sub-crystalline layers of the other group, and as massive, 
mountain-like elevations. It is often basaltic. On weathering, it de
composes and becomes greenish when n~ar the water, hut brownish 
when .at higher elevations. It is often amygdaloidal, furnishing vari
ous zeolitic and other minerals. It has a very intimate, and yet very 
distinguishable association with the rocks of the other group; but in 
general it is the most conspicuous rock of the cupriferous series, caus
ing the most of the salient features of the coast, and the prominent ele
vations of northeastern Minnesota. When in contact with the sedi
mentary beds, the rocks of the igneous group are but slightly affected 
by the interpenetration of the minerals of the other group. Yet in 
some instances isolated pieces of the sedimentaries have been embraced 
in the igneous rock, and so completely fused with them, that the 
minerals, that otherwise characterize each, are closely mingled over 
small intervals. 

The rocks of the second or metamorphic group, on the other hand, 
are, in nearly all cases, of. a reddish color. They show all stages of 
metamorphic change-from red sedimentary shale and sandstone to red 

*From the proceedings of the American Association for the advancement of science, Vol. XXX, em
ciunati Meeting, August, 1881. 
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felsite ancl syenite The minerals that are invariably found in this 
rock, when completely crystalline, are quartz, orthoclase, and horn· 
blende. The heds from which these crystalline red rocks were derived 
are seen interstratified with regularity with the rocks of the othex 
group. But when these red rocks are crystalline or subcrystalline, the 
alternation IS less evident. The alternation in this changed condition 
is less frequently seen in horizontal layers, but rather appears in sud· 
den verticle replacement. In some places they appear to have had a 
great thickness, and they constitute, in their changed condition, some 
of the most interesting features in the geology of the north shore. The 
red felsite of the Great Palisades containing crystals of adularia, which 
is underlain by a very characteristic doleryte of the igneous group, and 
penetrated by numerous dykes from it, can he traced, in varied steps, 
on the one hand to . its original condition, a shale of the Potsdam for· 
mation; and in the other direction, through step after step of met am OJ," 

phic change, to a hard crystalline rock of red color and of a granular 
texture consisting essentially of orthoclase, qnartz and hornblende. 
It is not always possible to observe a continuity of bedding from one 
extreme condition to the other. The circumstances of npheaval and 
metamorphism have generally been unfavorable for that. Some of the 
links are wanting in nearly every series of observations, but they 
are such as are supplied at other places-such places also failing to 
show other links. It may be supposed that it is necessary to make a 
perfectly connected series of contiguous observations, on a rock, in 
situ, changing from step to step, without interruption of the beds by 
dip or other cause, in order to establish the series; but snch is llOt the 
case. When it once becomes evident that certain mineral associations 
are constant, if a part of these associations are observable, the rest 
may be relied on. When it is understood that there are two great 
sources of crystalline rock, the igneous and the metamorphic, and some 
of their related phenomena are established, such established phenom" 
ena are inclices to show the origin of other new phenomena. Such 
new phenomena may again be taken in the same way to point others, 
and these again others. So at last a whole family of phenomena .can 
be gronped together, although at no place can a connected series of' all 
the phenomena he observed. In that manner, step by step, the lith. 
ology of the crystalline copper·bearing rocks can he reduced to two 
series. When these microscopic phenomena are in concord with ana 
are affirmed by the field geology, as in the case on the north shore of Lake 
Superior, the true solution of some very interesting questions is found. 
The rocks of the second series, the result of the crystallization of the 
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Potsdam shales a.nd sandstones, are found to occupy a large area in the 
extreme eastern portion of Minnesota, northeast of Grand Marais, 
while those of the first series seem to prevail along t,he shore, and to 
cause mountain ranges at some distance from the lake. * 

The following brief descriptions are intended to give a general idea 
of the two groups. 

(A) ROCKS OF TIlE WNEOUS GHOur. 

1. (Survey No. 1.) Gahbro, "Duluth Granite." From Hkc's POint.,· ncar 
Duluth; the rock of n. low mountain mngc. Contains lahradoritc and changed 
augite, the latter being urnlilic; n Iso titantiferous magnetite. 

2. (Sur. No. 49.) Ut'hind the M. E. Church, Duluth. Contains augite, plagio
clase, and magnetite, with viriditc and fenite. 

3. (Sur. No. 53.) East Duluth. Coarsely crystalline. Contains plagioclase 

augite, magnetite, and delcssite, nlso some chrysolite and l,iotite. In some place~ 
this rock also shows orthocln.sr, mnking it Tcseml,le No.5 of the Survey numhers. 

4. (Sur No. 90.) From the E. point of t'ncker Bn.y. Contains plagioclase, 
augite, mn.gnetite, chrysolite. 

5. (Sur. No. 113.) Ln.hmdorite rock, from masses included in gal,llro at Split
rock point. 

S. (Sur. No 116.) From the point hn.lf-wn.y bet.ween t-plit-rock point n.nd Two 
Harbor Bay. Shows n. l)[Lsaltic structure. Contains plagioclase, augite, magnetite, 
viridite, opatite, and an occasional grain of biotite. 

7. (Sur. No 123) }<'rom the blui! cast of Castle Danger; a dolerylc, containing 
plagioclase, augite, chrysolite, magnetite, and viri(lite. 

8. (Sur. No. 126.) This is the rock thatfurnishes the l>lnck sand at.l~lack Beach, 
a few miles W. of Ben.ver Bay, one-half mile up the creek. It seems t.o consist of 
plagioclase (Ial)radorite?) hypersthene and magnetite, making the rock hyperyte. 
The metalloidal surfaces of the crystn.ls in this rock resemble those of the rock of 
Encampment Island. 

9. (Sur. No. 128.) 

( 

Section of a large crystn.l of In.hradorite, from masses em-
braced in gabbro at Ben.ver Bay. 

10. (Sur. No. 141.) Doleryte: first. rock east of the Great Palisades, (lies lJClow 
the Palisades?) Has augite, plagioclase, mn.gnetite, viridite (and ]liotite?). 

n. (Sur. No. 160) The rock thn.t protects Little :iYIn.rais on the east: pI agio

lase, augite, magnetite, also hematite and ferrite. 
12. (Sur No. 199.) The rock of Grand Marais Harbor; plagioclase, pyroxene 

and magnetite; hemat.ite, ferrite, apn.tite. 
13. (Sur. No. 200) Cupriferous gabbro; from N. W. quarter Sec. 24, T. 61, R 

1. W. (up Fall river); plagioclase, augite (diallage'?) magnetite, viridite, ferrite. 

There are thin sheets of native copper disseminated through the mass of this rOck. 

*A serie. of fifty thin sections with snmpleb of the rocks from wbich they were prepared, were ex
.hibited, and examined.t the table hy mean8 of polarized li~ht. on " microscope kIndly loaned for the 
purpose by MI'. W. H. Bulloch ot Chicago. Ill. They were numbered succe"sively from one to fifty. tbe 
first twenty_one being of tbe igneous group. nnd the next twenty.one of the metamorphic. The last 
eight, from forty_three to fifty were .elected to show a mingling of the minerals of both groups in 
one rock . . The samples of rock were 11ll1nbC'reci i~ blue shellac with the field ~umber of t~e survey. 
The label~ attached to the Elilles name the ro( st eVIdent fllHl nhUn(lant of the mmel'nls seen m each, as 
t:hey bave been identified by the writer. 



14:0 TENTH ANNUAL REPORT 

The rock, as a dyke, cuts a rock like that of the Great Palisades--an amorphous 
red, but slightly porphyritic orthoclastic felsite. 

14. (Sur. No. 221.) From a short distance east of the Bru~e river; plagioclase, 
diallage and magnetite; coarsely crystalline. 

15. (Sur. No. 229.) Doleryte; Red-rock Bay; runs under the E. Palisades. 
16. (DUl". No. 161.) From the hill 520 feet above the lake on N. E. quarter Sec, 

25, T. 64, R. 7 E., represents the rocks of the hills about Grand Portage; a doleI" 
yte, consisting largely of diallage, plagioclase and magnetite, with chrysolite and 
a little prehnite. 

17. (Su;. No. 275.) From the dyke at the brink of Pigeon river falls; augite, 
pla~ioclase, magnetite and chrysolite? 

18. (Sur. No. 291.) From the extremity of Pigeon point peninsula; like No.1; 
gabbro; plagioclase; diallage, chrysolite, viridite and magnetite. 

19. (Sur. No. 297.) Gabbro(?) from the English Rapids, on the international 
boundary, near Grand Portage; associated with the Animikie Group; augite, pla
gioclase, magnetite. 

20. (Sur. No. 637.) The labradorite rock of Beaver Bay from masses embraced 
in gabbro. 

21. (Sur. No. 664.) Augite, plagioclase, magnetite; from a ridge a little more 
than two miles north of Horse-shoe Bay, 

(b) Rocks of the Metamorphic Group. 

22. (Sur. No.1 B.) Brownish-red, hornblende syenite, associated intimately 
with No. 1. Duluth. Contains orthoclase (changed), quartz, hornblende (often 
changed), magnetite, apatite and ferrite. 

23. (Sur. No.3.) Brownish or reddish roclL In the Rice Point range of hills; 
suburbs of Duluth; interception of 5th Av. E. and 7th St.; abruptly separated from 
No.1 A by a c'ompact dyke; consists essentially of orthoclase (which makes it 
sparingly finely porphyritic), quartz and hornblende. It also has apatite, magne
tite and Jerri te 

24. (Sur. No.7.) Brownish-red rock, fine-grained. Between 2nd and 3rd av
enues, Duluth, near the lake. Tabular and imperfect crystals of flesh-red feldspar 
(orthoclase), viridite (from hornb~ndc), magnetite, apatite, and a small amount of 
quartz. 

25. (Sur. No.8 A.) Rock inclusion in Survey No.8; very fine~grained gray 
rock, showing fine cryRtals of red feldspar, probably orthoclase, but for the most 
part this is an amorphous, felsitic mass embracing gralll~ of magnetite and viridite, 
with other minerals. 

26. (Sur. No.8 B.) Porphyry, Duluth. Has orthoclase, chlorite, magnetite and 
other minute grains; plainly a rock reSUlting from the metamorphism of the sedi
mentary heds. 

27. (Sur. No.8.) Sub crystalline, showing much magnetite and quartz; also 
undistinguishab1e grains, some of which are probably viridite, hrematite and pyrite, 
in a felsitic paste. 

28. (Similar to Sur. No.8 C.) Finely sub-crystalline, nearly destitute of free 
quartz, brownish or reddish. Duluth. 

29. (Sur. No. 17.) Outwardly and microscopically, a thin-bedded red shale or 
sandrock; east of the Brewery creek, Duluth, at the lake shore. In fhin section 
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hows a rusty felsitic base with much magnetite or menaccanite, anll viriclite; the 
vhole clouded with amorphous inclusions. 

30. (Sur. No. 33 B) Metamorphic shale. Duluth, at the lake shore; has a fcl
;itic (1) ground-mass, showing a porphyritic ort.hoclase; magnetite, viridite, hrcm
\tite, apatite, quartz. 

31. (Sur. No. 67.) JVIctamorphic shale, London, ncar Duluth. 
32. (Sur. No. 1l7.~ The rcddi~h vein from Two Harhor roell, Two Ihrhor Day. 

Quartz grains and geodie aggrcgationR, in a redcliRh orthoclase haRc. 

33. (Sur. No. 124.) Rock of the west lllufl', at the ent.rance to Beaver Bay. 
Qaartz grains with impurities, in a l'cddiRh, dimmed ImRe that. seems to llo ortho
clastic, magnetite, apatite. 

34. (Sur. No. 127.) Hardened gray shale, from ncar the month of Beaver creek. 
Quartz grains can be seen III an amorphous, apparently felsitic Imse. 

35. (Sur. No. 129.) Similar to 127, but porphyritic with orthoclase and trans
lucent grains like adularia; a few rods N. E. of thc mouth of Beaver creck. 

36. (Sur. No. 134.) Quartz, orthoclase, magnetite. The cJuartz makes up 
about one-quart.er of t.he whole, the orthoclase perhaps two-t.hirds, Imt the magne
tite is ouly in occasioual grains. This is from t.he t.hird island east. of Beaver Bay. 

37. (SI11'. No. 136.) Is from opposit.e the fifth island cast of Beaver Bay. 
Wholly crystalline red rock, containing lluartz, orthoclase and much of a green 
mineral that is probably changed hornblende. This green mineral is generally 
fibrons, with spreading, fan-shaped radiations, hut not alwaYR. Sometimes it. 
shows simply a greeu felted polarization, always grcen at +. 

38. (Sur. No. 138.) The rock of the Great Palisades; an orthoclastic felsite, 
porphyritic with adularia, resembling Sur. No. 129. 

39. (Sur. No. 201.) Orthociastic felsite, with a few distinct c'rystals of ortho
clase and adularia or sanidin. This is the Palisade rock from the Copper mine up 
Fall river. 

40. (Sur. No. 264.) From the same place as Sur. No. 263, east of Wauswaugon
ing Bay. Quartzite fragmeut embraced in galJbro, quartz :wd hornblende in a 
cement of felsite. 

41. (Sur. No. 265.) From the upper part of Sm. No. 263, where in contact with 
the metamorphic rod;:, Results from the inclusion of a fragment of the sedimen
tary beels in the igneous. Oontains quartz, orthoclase amI hornlJlelllle, with fer

rite and graphite. 
42. (Sur. No. 668.) The "red granite" of the region northeast of Grand Marais. 

Consists of orthoclase, quartz and changcd hornblende with magnetite. 

(c) }.ti(JJed Igneous and Sedimentary Rocks. 

43. (Sur. No.1 A.) Gabbro. Duluth. Rice Poiut range, near a contact with 
No.1 B. Contains labradorite, uralitic augite, and titauiferous magnetite Some 
of the augite··is changed toward viridite Orthoclase in occasional grains. 

44 and 45. (Sur. No.5.) At the depot, Duluth; labradol'ite, augite, qnartz, 
magnetite, orthoclase, apatite. The augite is sometimes viriditic and sometimes 

uralitic. . 
46. (Sur. No.6.) Labradorite, augite, magnetite, viridite (perhaps a result of 

~hange from hornblende) and an occasional grain of quartz. This is a dark-greeu, 
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heavy, homogeneous rock, coarsely crystalline, near the bay, in front of the Clark 
House, Duluth. The igneous type predominates. 

47. (Sur. No. 46.) Rock showiug the contact between the igneous and the 
metamorphic groups, from Duluth. One side of the section is red, and contains: 
quartz in perfectly distinct and abundant grains, making up about one-third or 
one·half of the whole; orthoclase, which is next in amount to the quartz, these 
two making up most of the section; apatite in small quantity; magnetiLe; ferrite 
and hornblende (1), in a few brownish-green or greenish grains which, Oll rotation 
at +, change from bluish-green to yellowish-green, and back again. 

The other side is darker, and co'ntains: plagioclasc, augite grains (altered to 
Ul'alite) disposed among the plagioclase, and in larger grains, sometimes fibrous 
and sometimes broken irregularly; magnetite in much greater amount than in the 
red rock; ferrite in small quantity. 

48. (Sur. No. 263.) Oontains the minerals both of the igneous and the sedi
mentary beds. From the E. side of Wauswaugoning Bay. Its position and lim
ited extent show its accidental occurrence, and merely local importance. The 
igneous minerals are labradorite and magnetite. The sedimentary are quaJ.'tz, 
orthoclase and hornblende. Apatite spicules penetrate them all. ' 

49. (Sur. No. 282.) From the porphyritic main axis of the north part of Susie 
Island, near Pigeon Point. Contains plagioclase, orthoclase, hornblende, magne
tite, quartz, pyrite. 

50. (Sur. No. 675.) The rock of the top of Brule mountain, north of Grand 
]Harais. Orthoclase, quartz, hornblende, plagioclase (1) magnetite, viridite, fer
rite, chrysolite, apatite. 

OBSERVATIONS. 

The orthoclase of the metamorphic rocks is more readily dissemin
ated through the igneous rocks than the triclinic feldspars of the igne
ous are through the metamorphic. 

The magnetite of the igneous, as at Mayhew Lake, where it forms 
extensive beds of iron ore, may be derived from the exceedingly fer
ruginous sedimentary rocks. Magnetite seems to be .always present in 
the crystalline metamorphic, and is probably the result of partial de
oxidation from the indigenous hematite that gives them their color. 
Chcmical analysis of the red shales would perhaps show the presence 
of titanium with the iron before metamorphism, and would indicate' 
the correctness of this hypothesis. Wherever titanic iron is found in 
Minnesota, it is where the two series of rocks are in contact or prox
imity, so far as observecl. 

A fine shale becoming heated and slowly passing toward fusion will 
first show crystals of the easier fusible minerals, i. e., orthoclase he
fore quartz; and if the change stop there the resulting rock: would be 
a non-differentiated (or felsitic) ground mass sprinkled with porphy; 
ritic feldspar crystals, all the siliceons parts being embraced in the 
ground mass. On the other hand, a fused sedimentary rock, passing 
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to solidification, will first show crystals of the least fusible minerab, 
i. e., quartz before orthoclase, and hence will contain more or less 
perfect crystals of quartz, cutting the sides of the later formerl ortho
clase. Hence the same metamorphic rock~may show no quartz i~~~ 
stage of metamorphism, but an abundance of free quartz in another. 
If the rock at first held grains of free quartz they would still remain 
in the former case, and would be an evidence of its original sedimen
bary source, and in the latter they would of course be subject to re
crystallization. 

The term felsite, as used in this paper, is intended to express a non
differentiated, somewhat metamorphic rock, derived from shale, with
out any reference to the origin of felsite rocks described in other 
places. 
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v. 
THE MUSEUM. 

Report jo}' 1881, and List of Additions. 

During the year, 955 entries have been made in the Museum register. 

While the most of these specimens have heen obtained through the 

.agency of the survey, as in former years, yet many have been received 

by exchange and by donations. Exchanges have been made with 

Profs. C. U. Shepherd, Geo. F. Kunz, E. S. Dana, P. H. Mill, Jr., S. 

Calvin and S. G. Williams. The principal donors have been Col. J. 

B. Clough, superintendent of the construction of the Northern Pacific 

Railroad, who has sent the Museum valuable mammalian and arch

reological specimens from Montana; Mr. W. E. Swan, who has pre

serveq drillings from various deep wells in the State and presented 

them to the Museum; U. D. Watkins, fossils and other specimens 

from Ohio; C. E. Whelpley, preserved drillings from the Minneapolis 

deep well, and Prof. C. W. Hall, various rock specimens from New 

England. Other donors are Regents Sibley, Chute and Gilfillan, W. 

D. Hurlbut, J. M. Sullivan, C. M. Terry, H. A. Strong, R. F. Lay the, 

Prof. J. S. Clark, S. F. Heath, John A. Green, S. Deutsch, D. A. 

locke, H. S. Peters and Dr. Miller, Asst. Surgeon U. S. A., Little 

Missouri Cantonment. 

The fossils that have been collected from time to time have not 
10 
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been reported until their names were determined, and hence the mc 

of them are still unreported. They are simply registered and labet 

sufficien tly to serve for identifying their sources. The crystallir 

rocks embraced in the series described in the survey report have n 

yet been registered in the Museum. They have the survey numbe 

only. Of some of them numerous duplicates have been obtained. 

ELEPHANT'S TEETH FROM MONTANA. 

Among the donations to the Museum by Col. J. B. Clough is a lar~ 

elephant's tooth which is worthy of special mention. Its companiOl 

a small specimen, was presented by Mr. S. Deutsch. The two weI 

obtained in the same locality but seem not to have belonged to tJ: 

same individual. Unfortunately the larger specimen has begun t 

disintegrate by crumbling, and it is doubtful whether it can be prE 

served. 

These teeth were obtained near the Rosebud river in Montana, b 

the parties constructing the Northern Pacific R. R , but their spe.ci~ 

stratigraphical relations to the rocks of the region it has not been pot 

sible yet to ascertain. It has been stated by Mr. Deutsch simply thf 

they were from a deep cut compoRed of' clay and loose rock. The a( 

hering portions of the matrix cnnsist of a coarse, lime-cemented sall( 

or conglomerate like some known to exist in the cretaceous and tel 

tiary, and the tooth is probably not of pust-tertiary age. 

The larger tooth measures 121 inches in length and 6+ inches i 

trantlverse perpendicular section. Acros::; the grinding surface i 

measureR a little more than 31 inches. It has, distinctly preserved, 2 

transverse plates. There is an appearance, on the anterior extremit) 

ot' a thin, imperfect plate, partly eroded, only a dou hIe scale of enam6 

remaining, separated from the body of the tooth by a little cement 

This plate with its ceme)lt does not occupy the full width nor depth (!; 

the tooth, but was especially pitted to recei ,e the first attrition' on tb 
tooth and to maintain its form and position, as the tooth advance! 

The postf'rior end of the tooth also has the appearance df having Cq, 
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'$lsted of one or two more plates originally, but they are now lost by 

the disintegration which has attacked the whole tooth. Thus the 

plates must have numbered 22 or 23. The plates existing seem to 

have all suffered some grinding attrition, but only the anterior sixteen 

are so worn as to show on the crown the double enamel ridges. The 

posterior ones, which are more and more inclined forward, the farther 

they are removed from the front, are either in the immature stage of 

separate denticles which are not yet united on their summits, or are 

so involVed with the cement that they are not yet even worn so as to 

produce the annular ridge of enamel exhibited by those farther ad

vanced. The bases of these plates, however, with c1enticles at their 

summits, are united together into a common complex fold, firmly 

binding the tooth in one mass. This therefore seelllS to have heen 

the sixth or last, molar of a mature elephant, or mammoth, and from 

the lower jaw. 

The smaller tooth has lost by disintegratIOn and fracture appar

ently about four of its plates from its posterior extremity. 'While it 

was found in the same locality it was probably not from the same in

dividual. Its crown appears to have been unequally opposed by the 

tooth of the other jaw, for its plates are not worn off so as to show 

continuous transverse ridges of enamel, except on the anterior lJortion, 

the greater number of plates being simply rounded over, the clel1ticles 

standing above the surface with their natural curved contour, with no 

flattened, grinding sarface. From the fact that the denticles are ~Ollle

what worn they must have served for mastication. The smooth, flat

tened, and oppressed appearance of the anterior extremity incli(;ate~ 

that the preceding tooth had not yet been shed, hut had beell thrllst 

by mastication constantly against it. Still it was not wholly protected 

hy its predecessor, but was exposed OJ! the end, as well as on the g-l'ilHl

iltgsurface to the attrition of mastication, and its most advanced COI'

net is worn off obliquely by that means. It had about fourteen plates 

a.nd its length was about ten inches. It was probably the fifth upper 

1'1);0111.1' of the extinct mammoth. 
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The region in which the teeth were found is not drift-covered, but 

the soil and surface debris is the result of local disintegration of the 

cretaceous or tertiary beds. It is hence very probable that these teeth 

are true fossils, of an age prior to the glacial epoch. 



SPECIMENS REGISTERED IN THE MUSEUM IN 1881. 

~ OBTAINED. 

p 

~ I z ----~--------- NAME. 

,; 
'5 When. I Whence. 
w 

3736IAug .• 1880 
3737 " 
3738 
3739 
3740 

C.W. Hall. Granite ....................................... . 
Granite ....................................... . 
Petros:oilex ..........................•........... 
Diorite .............................. , ........ . 
Diorite ........................................ . 

3741 Petrosilex ............................. , ....... . 

3712 
3743 
3744 
3746 

Granite ................................. . 
Serpentine .............................. . 
Breccia ...................... _ ................. . 
Breccia ................................ , ....... . 

3746 Diala.e ........................................ . 
3747 ~·elelspar .......... '" .......... , .............. . 
3748 Beach pebhles of Petrosilex ................•... 
3749 Bear h pebbles of Petro sIlex ................... . 
3760 Beach pebbLs of Diorite ...................... . 
3751 Slag from iron furnace ........................ , 
8752 Oct., 1880 Haematite .................................... . 

3753 Limestone, Glen's Table Block Marble ........ . 
3754 Sa ndstone ....................... , ............ . 
3755 Nvv., 1880 Geol. Survey Sannstone ..................................... . 
3756" C. J\1. Terry Shell Limestone ................................. . 
3757 Dec., IReD Geo. Nat. Hist. S1I.r. Galenite, (weight 390 lbs.) ........................ . 
3768 Nov., 18~O C. U. Shepard Meteoric Iron [onnd in 1865 .................... . 
3759 • \ ,. Meteoric Stone, Jan. 30, 1368 ............... . 
3760 Meteoric Stone, Jan. 9, 1866 ................ . 
3761 Meteoric Stone,~·eh. 25,1847 ...... . 
3762 Alf'el R. C. ReI wyn Meleoric Rtone, foun.-l in!1872 ............ . 
3763 Geol'\: Nat Hist SUI' Eozoon Can;lden~e...... . ........... . 
3764 Dee., 1880 Cubic Galenite, (slab OIl carbo zinc) ..... . 
3Ui5 ' \ Cubic Galenite..... . ................ . 

'" " " 
·lJ 
'" '" 00 

'0 
c 
Z 

Locality. Formation. Collector and Remark •. 

2 Quincy Mass .... " . . .. .... ..... ............ "QUIncy Granite .......... . 
2IROCkPOlt, Mas- ...... ···· ..... ·1 .... ··· .. ···IC. ,V. Hall, Rockport Granite ....... . 

4 [v]arbl~,head Neck,,,Mass.... .... Hur?:,ian I :: .~~:.~:~~~~~~~.:::: ~:.::: :.:.:.:: 
2 ~ " Finely Crystalllne, weath-

I 
ering surface shows effect of pres-
sure on the bedding.... .... . ..... . 

2 It~l~~,h~~e;; ~~~s:.:.: .. ::: ::: '1.~IO~:~~~~n. C. W. ,~all, ~.~~~~~.~~:.~~:.~.~~t.~~~~~:: 
Mal'lllehe.1.c1 Neck, Mass ........ Shaw meet "PetroslhclOllS ........... . 
H" , , Water. worn and weath'd 

2 

1 

ISalem Harbor ............... 'INangus H'd 
'( Baker' Slam.. .. . . .. . . . . ... . . . Series 

H H 

511\-'Irtrh1ehead Neck, Mas~ .......... . 
]0 " " ....... . 
4 H ~( •••••••• 

2 Detroit, Mich .................. . 

Kewanaw, ~Vt ............ _ .... . 

1 Glen'~ Falls, N. Y ............ . 
2 Opp Fond c1u Lac... .. . .. 
1 Taylor's Falls ................. . 
2 St. Agnstine, Fla ............. . 
1 Galena. III ................... . 
1 Bonanza. N. Mexico ......... , .. 
1 Polt u.":1: VasoYi:1, Poland ...... . 
1 Knyahinya, Hungnry ' ......... . 
1 IAnn en Iowa ............. . 
1 l\likhell Co., Kan~a8 ... . 
3 Petite Nation, Can ..... . 
1 Galena, Ill ......... . 
6 " 

Huronian 

Huronian 
Trenton 
Potsdam 
St Croix 
Tel'tHl·l'V 
Galena: 

iL:1ll. 
Galena 

Sbowing vein of EIYRuite 

Pyroxenic ............... . 
Showing bedded strncture 

" Porpbyritic .... 

Form'd in smelt'g sc'p iron 

~ C·b': p;!:~~r:~i~.a.c~~~~. ~~~. ~~l.~~~ 
Presen ted by J. M. Snllivan ......... . 
U~('d in const'n of \Vestminister C'h. 
e M. Terry, show'g lines of iron stain 
Presented by C. M. Terry ........... . 
Furchil:eed by Regent Chute ......... . 
By excb:~,nge witli Prof. C. U '"Shepard 

Presented by the Geol. Sur. of Canada 
Purch~~sed by Reg('n~< Chute ......... . 
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Ql!TAINED. 

NAME. 

When. I Whence. 

.; 

" " S 
'<3 
" "" 00 

'E 
6 
Z 

Locality. Formation. Collector and Remarks. 

-._-. 1-1--------
3766IDec., 1880IGeol &Nat Hi.t surISPhalerite ................................ ' ..... . 
3767 " " Pyrite .................. 0 ••••••••••••••• , ..... , ••• 

376R ' , , , Ores from Galena .... ......................... . 
3769" " Pyrite, (cylindrical stems) ................... .. 

Brick ........................................ .. 
Brick ........................................ .. 
Brick .............................. , .......... .. 
Granite ........................................ . 

1 Galena, Ill.... .... .. .... ...... . Galena Purchased by Regent Ohute ......... 
4 "....... .••• •••• •.•••• ." " •••• ,_ •••• 
3 .................... . 
4 ..................... .. ....... . 

1 Marshall.. .. ... .. .. . .... . .. .... ............ ~ w;g~~r) ~~~~~: .. <.':: . ~.:?~~~~~:: 
Jackson .................................... Warren Upham, (Maj. H. F. Bailey) .. 
Marshall ................................... Same, (JamesM. Lockey) ........... . 

6 ~N:~d~C~.~~.s.e~ .. ~9.'.~~~~~:.~:.... ........ . ........................... .. 

37701 1880 

3771 
3772 

3773 

Granite ........................................ . 
Granite ('/) ................................... .. 
Gneiss ..................... _ ................. . 

21 1t m 8 E from Big Stone Lake.. ...... ......... ... " ...................... .. 
ttedwood ~'alls............. .... ............ " (Quarried) .................... .. 

252m S E from Montevideo ...... • .. .. .. .. .. .. .. . .. .. .. .. .. ... ............ . 

3774 
8775 
3776 

Gneiss ..................... _ .................. . 
Cretaceons Sandstone .......................... . 
Granite ....................................... .. 
Hornblendic Schist ........................... .. 
Hornblendic Schist ........................... .. 
Cemented Drift Gravel. ...................... .. 
Pottery Clay .............. , ...... ; ............ . 
Protogine Gneiss.... .... . ................... .. 
GretaeeonsSandstone (,I).weathered) ......... . 

H 0 " (fresh) ................. . 
Red Qnartzyte ............................... . 
Potsdam Sandstone, (Qnartzyte range) .. : ..... . 
Red Quartzyte ............................... .. 

21 GraniteFalls: .............................. I :' Excavated in Main street) ..... . 
20 8ec. 12, AltaVIsta, Lmcoln 00... Cret ... ............................ .. 
3 NEt sec 32, Echo, Y. Med. Co. ........ ..•. "Nearly ,,;1 this ontc'p is Gneis! 
• SSec 17, Omro, Y. Med, 00., 
o ~ (N Woutcrop) ......... .. 
8 " (S E outcrop) ........ .., 
3 SWisec31,Norclland,LyonOp .......... .. 
3 N part sec 3, Sigel, Brown Co.. . Crat 
3 '/Vest side Redwood river, ................ .. 
2 N E ! sec 20, Eidsvold, Lyon 00 Cret 
3: ." " 

.... N Elsec 26, Selma, Cot. Co.... Potsdam 

.... ~ N ~o~.o~o~~~ ~~: .~~~~~~:~~~.' 

....... W p't S W t sec 6, Dale, Cot. Co 

3777 
8778 
3779 

3780 

3781 
3782 
3783 
8184 
3785 
3786 
8787 

3788 
3789' 

3790 
3791 
3791! 
ilT9J! 

Red 

g~i~~~~0~~~0~::~i.~~~~~·.S~~~:~:.: : :: :: :::: :: :: 418 E t sec 2, Eidsvolc1, Lyon COl Cret 
1 Sec 8, TIll, R 38, Redwood Co .......... .. 
1 N E 1 sec 12. T 111, R 88, U ~'" •••••••• 

. ............................. . 
" Opp. Birnm's mill. .. ........ . 

On land of Henry Jacobs, ..... . 

" At Mound Oreek Falls .....•.... 

. ·~·c;,;,t~ini,;g·b~.;~~i~ 'i;~g';;;';ni; 
~ of "'pestene .............. . 
'~Petrified tree. " ................. . 
(Absa.lom Ames' well) .... .... . 

~ 
C< o 

~ 
!Z 

~ 
~ 
!Z 
c:t 
~ 

~ 
~ 



:;::1 l~~ ,. 
3796 
3797 
3.798 
3799 
3800 

3801 
3802 
3803 
3804 

3805 

3806 
3807 

3808 

3809' 
3810 
3811 

3812 

3813 
3814 
3815 
3816 
3817 
38181 

3819 
8820 
3821 
3822 
3823 
3824 
3825 
a8~ 
3827 
3828 
3829 
3830 
3831 
3832 
3833 
3934 
3835 
3836 
3837 
3838 

Geol&: Nat MIst SUt! Plpe.ton~ enclosed in Qua,'tzyte .. , .. , .. , ...... . 
. ". Red Quartzyte ................. , ............... . 

" Red" ..••.•....................•..... 

~ 8 W ~ see ~, Amboy, Cot. Co .. \ Potsdam 
2 8 E t sec 23, Se1mB, Cot. Co. . . . . ' , 
2 S W 1- sec 18, Delton, u •.... 

" , .. 

Pipestone in Qu8'rtzyte ....................... . 
Potsdam Qu"rtzyte .......................... .. 
Sandstone (OoliLic in Atructure).... . ........ .. 
Lignitic Cretaceous Sandstone ................ .. 
Gneiss (woothered) ........................... .. 
Cretaceous Sandstone ................ '" ..... .. 
Potsdam Qultrztyte ......................... .. 
Cretaceous Sandstone......... . .............. . 

5 W p't S W ! see 6, Dale, Cot. Co 
2 N p't sec 31, Stately, Brown Co 
1 N W i sec 7, Eidsvold, Lyon CO/ Cret 
1 N W t sec 3, Sigel, Brown Co .. ' , 

1 {N:o~~e~~2:.~.1.1.1.'.~.~~:.~~~: ............ . 
2 Sec 7, Westerheim, ~Lyon Co .. ........... . 

2 ~N go~.O&o~~~.~~'. ~~':~.~~~~:':'~: .......... .. 
2 Sec 12, Alta'l'ista, Lincoln Co ..... , ......•.. 

Bones and Petrified Wood .................... .. 

Lepidodendron ................................ .. 
Quartzyte, .................................. .. 
Cretaceous sandstone, with leaf impressions ... . 
Cretaceous Sandstone, (fossiliferous) .......... . 
Brick ........................................ .. 
Sandstone .................................... .. 
Trap.... .. .............................. . 

4 SShore of Swan Lake, N W Cor D ·ft 
~ Redwood 00....... ........ 1'1 

1 Lake Okabena, Worthington .. . 
3 Mound, Rock Co .......................... . 

5 N side oottonwood river, 

1 I ~ sec,,25, North 8:,81' ....... :::::::::::. 
1 Brainerd .................................. . 

27 Hinckley, Pine Co ..•.. , .... . .. Potsdam 

4 Watab, Benton Co ....................... .. 
Syenito............ ................ .... ••...... 2 ....................... . 
Syenite...... ................•..• ...... .... .... 2 .•••...•....•..•...•.••. 
Trap ........•..................................... Chengwatana, Pine Co .................... . 
Syenite, (very dark)........................... 2 N W t sec 33, St. Cloud .................. .. 
Syenite................. .... .................. 3 N. E. " sec 32, St. Cloud....... . ...... .. 
S ·t ~8 Wisec 17, Haven,4 mSE . yem e...... .... ............. ......... .... .... 2 [S. Cl d .......... .. o 1.', on .......... " ... . 
Red Syenite.... .... .... ..... .... .... .... .... 3 llaven, 2m S E of St. Cloud .............. . 
Gray Syenite........... .... .... .. .... ......... 4 U " •••••••••••••••• 

Gray ~yenite................................... 3 Sauk Rapids ............................. .. 
Staurolitic Schist ............................... ~ 3msofPikcRpdsinEbnkMiss ........... . 
Syenite........ .... .................... ........ 2 Sec. 26, St. Joseph, Stearns Co ............. . 
Syenite........ .............. ... ............... 1 2mi. W. of Cold Spring ................. .. 
Syenite.. .. .... .. .. .. .. ... .. . .. . .. .. .. .. .. .. . .. . 1 Cold Spring, Stearns Co.. ...... .. ........ .. 
Vein and Reddish Syenite..... .................. 1 Sec. 27, Wat.b, Benton Co ............... .. 
Syenite (coarse grained)................ .... .... 2 Sec. 19, St. Augusta, Stearns Co .......... .. 
Syenite...... ............ .... .................. 1 N W t sec 17, St. Cloud .................. .. 
Syenite ~dark) .............. " ............ .... 1 Sec. 27, Wat<>b, Benton Co ................ .. 
Syenite reddish)............................... 1 Sec. 35, Watab, Benton Co ................ , 
Syenite red)......... .. .................. ..... 1 Le Sa uk, Stearns Co ............ ........... . 
Granite coarse)................................ 2 Rockville, Stearns Co ..................... .. 
Syenite (dark).... ........ . .... ...... .... .... .. 1 Sec. 27, Wat.b, Benton 00 ............... .. 
Syenite (grey).... .... .............. .... .... .... 1 Sec. 35, Watab, Benton Co ...... .......... .. 
Syen!te (dark)......... .......................... 22m s e 0rRichmond,~tearns Co .......... .. 
SyeDlte (reddlOh, fine gr"IDed).... .... .... .... .. 1 Cold Sprmg, Stearns VO .... .. .......... .. 
Syenite or Granite.... ......... ..... .... ........ 1 East p't sec 18, St. Cloud ................. .. 
Porphyry.................... .................. 1 Sec. 19, St. Cloud ........................ .. 

" 

(Much jointed) ....... H ...... .u 1 

'Peter S~h:';'i.di;S qiimy:::::::: 
~·811. in. E branch of Mound Or 

O'V~':lyi~g i;otte;i cia;; i N ~ 3783) 

At Mounel Creek Falls ......... 

Pres. by Malcolm McNiven .. .. 
Pres. by J. A. Phelps...... .. . 
J. F. Shoemaker's Quarry ..... . 
Pres. byJohnF. Burns ...... .. 

(Mr. Schwartz, maker):::: :::: 

. 5 ·Fo~.;ti~g· ii 'F:' ~id~' ~i 'T: . N·. 
~ Newson's shaft.. .. ... .. .. . 

Talcott, Gastle & Co .......... . 
land of Jos. Campbell ........ . 

Robbers & Harthelemy's quarry 

::.1 Breen &. Young's quarry ....... . 

C~ili~~: ':Mit~'h';li: ~~d's';~~i~::: 
1. P. Lambert's land .......... . 
Fred Scbilplin's land ......... .. 

. .............................. . 
T. N. Newson's shaft ... , ...... .. 

Hi\i 'i-s' ;.;,·E:·.;iN~~~.;;.;8 '8h~ft 
H. D. Gurney's Quarry ........ . 
1m N. of 8.artell's grist-mill .. . 
only rock n t Rockville .... . .. . 
N W side of hills neal' Miss .... . 
H. D. Gurney's quarry ........ . 

(i.;~aiity· ;;ot' :Visitedj::::::::::: 

Ul 

~ 
~ o 
t-< o 

~ 
~ 

f-.J. 
0< 
f-.J. 

-.,.::'" 
, -:~ 
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38391 1880 
3840 
3841 
38012 
3843 
3844 
3847 
3848 
3849 
3850 

3861 
3852 
3853 
3854 
8855 
3856 
3867 
3858 
8859 
3860 
3861 
3862 
3863 
3864 
3865 

3866 

11867 

:m\, 

Specimens Registered in Museum in 1881-Continlted . 

OBTAINED. 

NAME. 

Whenre. 

Genl I!t Nat Hiqt SurlRock somewhat used for railroad masonry .... . 

Syenite ..................................... . 
SyeBlte (dark) .............................. .. 
Syenite (porphyritic, reddish) ...........•...... 
Ag.tes ....................................... .. 
Vein ...................................... .. 
Kaolin ...................................... .. 
Garnetif.rous Schist ........................... . 
Pebhles from Sandstone ..................... .. 
Sandstone ................................... .. 

';~;;t'~I;;i;;g 'Ia~ge p~bbies·:.:: : . : : . : : : : : 
Red Shale nsed for paint.... .. ............... .. 
Fossiliferons Shale ............................ .. 

Tr&p ..................................... .. 
" 

Cuprif: ·co~gl;;,;"e~aie i,;:iiap ·~~ck:'::.::::::::::: 
Vein.matter ................................. .. 
Ore (Arseno. pyrite?) .......................... .. 
Native Copper ............................... .. 
Ore (Ruby blende?) .......................... .. 

Sand8tone~ fossiliferous ...... , ................. . 

"'_1 

.; 

" .. 
'5 
" '" 00 ... 
o 

z 
2 

Loc ,lily. Formation. Colleclor and RemarkA. 

~QuarrJed neal' Thompson or (. 
~Duluth ...................... ............ frolll BrameI'd car-shops) ... .. 

1 Sec. 21, Le Suu". Stearns Co.. ............ at 3l1rtell's grist.mlll .......... . 
1 S W cor sec 28 ... t Clond....... ........... (In road.) ..................... . 
1 8ec.27, Watab, Benton Co. .... ............ wside of vein TN Newson's ahft 
1 ROYdlton. Morri~on Co ........ Drift. presented by Harry Yonng ... .. 
1 Sec. 27. Watab. Benton Co...... ........... T N. Newsons shaft ........... . 
1 Mouth of Two Rivers. Mor'n Co Cret. Calvin A. Tuttle. welL ........ . 

6 

8 
2 
1 

2 m below Pike Rapids .................... Warren Upham, W .• ide of Miss.R .. . 
Kmfe R bring. ou Snake R..... Potsdam. "6 m N. of Bmns'ck, Kan'c Co. 
KlIlfe R. bridge on Snake R..... Potsdam. . ........................... .. 
S1m. E. N.E. of Ru.hCity, % St C . M"d f st C i .. " 
~mabovemouthofRockCreek . rOlx. mn. Sl eo • rox ... ver. 
"u Wis 

liSt Croix R bet Snnke & Kettle R's 
5 30 rds. above Taylor's Falls Bg. 
5 Taylor'. Falls ................ .. 
1 " '~ ................. . 

a layer in sands'ne on WIB side 
West bank St Croix River. 

~e;;"N: 'c:'ii:T~yi~r;8'~h~ri:: 
2 
1 
1 
1 
1 
4 
1 
1 

.................. 
1m. S W. TaY,l.or·s .F~ps ...... 

" .............................. . 
at Landing ................. .. 
nnder the conglomerate ......• 
over ., " ....... . 
Dip. 120 WSW bed, 8 ft thick 
Taylor's Falls, Mining Co .... . 
fonnd in Trap ............... .. 

.. Taylor's Falls Mining Co •.... 
5" bet shafts of N. C. D. Taylor II. 
~T. F. Mining 00 .................. . 

2/ ~Franco,nla ,i-l! m north of I st. oroix./w Uph'm,inravineoCr.aWl"nceCraek ~Mnneh s mIll. St. Orolx ...... 
}; AtMun~~'.mill.Fran~."nia... :: :: (:MiIlisbniltorthls) ....... ~. 

..... 
~ 

~ 

~ 
~ 

~ q 
~ 
t'I 

to 
to!! 
"d 

~ 



1m le8P ,,' 
3&79 
3873 
38n, '~ 
3876 ' 

3&76 

i!877 
3878 
3879 
3880 
3881 
3882 
38!!3 

3884 

3885 
3886 
3887 
388B 
3889 

3890 

9891 

3892 

3893 
3891 

3895 

3R96 

3897 
8898 
3899 
3900 

3901 

3902 
3908 
3904 

3905 
3906 
3907 

3908 

"," ,;-!~ 

10 \FranCODia,ChiSagOCO ....•...•. St. crOix·lw.UPham ........................ ~ ..• ~' •• 
4 u 1-5 m. S of MUnch's 'Mill ..... #0. •••• u used for lime, very largJj d~p."t. 
1 N.E J4 Seca2Echo YelMed Co. ....••...... " ............................... . 
1 ., .. ~." ............ " at 8. end of GneisS ............ . 
1 H H ..,' •••••••••••• h 'l •••••••• ~ ........... ~ ••••••••• 

1 SN g tl C.ec 12; T 111, R 38, Red. ............ .. ...•.........••....•.•......•.• 
~WOOl 0 .................... . 

1 S N E )oj; sec 12, 'I' 111, R 38, Rcd- ............ S" in two' or tbree masses, each 
l wootl Co............. ......... ~20r 3 feet long .......... ···· .. ···•·· 

I Redwood je'aU" ............................ Warren Upham. Main Falls ......... . 
1 ., ~' .......... ".. . . .. ............" " .................. . 
1 East Granite Fall •..... "'" ... , ............ ,I bet bridge and Pillsb'y's EPor. 
1 " " ......... , ... , ............ at Pillsbury'S elevator ..•....• 
I N W t sec 29, Adrian, Wat. Co. Potsdam.· ...................•.•..•....•. 
1 S E! sec 30, Delton Cot. Co ... , ......•...........•........... 
I N W t s 28. Storden Cot. Co .... , 

~ectl'&~Nat Hist snrlsaud8tone, fossiU!erous ........................ . 
, , Calcareous Tufa ..................... , . .. . .... . 
" Gneiss (weathers'l).. . . .. . . . .. . . . . .. . .. . ...... . 
" Granite (c08r86, reddish, feJdspathic) .......... . 
" IMica Schist (blnck) in Gneiss .................. . 

Gneiss ........................................ . 

. , 
Mica Schist (dark) In Gneis •................... 
Gneiss ......................................... . 
Trap dike ................ , ....................... . 
Hornblendp. Schist ......................... , ... . 

" (jointed, traplike) .................. . 
R,~d Qua~,tzyte ................................ . 

." 
S"ecimens of stone ............................ 1 •••• IR. R. weU at Heron Lake ...... . 

S" jj,;; ~~d'pi~~~ f~~~·i80~2".w·it:; 
~ thc yellow lower, 1 ft. thick .....••• 

W Uph'm,drilled thro. in 1st 180.220 ft. 
Red Quartzyte .............................. . 
Re<l Quartzyte (I'ipple Illar~ecl) .............. . 
CODglomernte. . . . .. . . . . . . . . . . . . . . . . ... . ..... . 
Re<l Quartzyte ................................ . 

Pipestone ..................................... . 
(mottle<l variety) ................. . 

Sandstone (pink) .............................. . 

(white) .............................. . 
(white) a var. holding concretions .... . 
(pink} ............................... . 

:::it. Lawrence Limet!tone ....................... . 
H u (arenaceous)...... ... . 

J ord"n Sandstone ............................. . 

Shakopee Limestone ........................... 'j 
., " ............................ . 
~, " ............. " ............. . 

2jPiPestone City ........... ::::::: 
2 " H •••••••••••••• o' 

14m. S. W. from Pipestone City. 
S Uellllapids, Dak., 18 m. N. of 

2 lSjuux~'alls .................. . 
2 lliuux ~'alls, Dak ........... " .. 

S Devils Gulch, )Iinnehaha Co. 
1 ~Dak. 2, m. N. E. of Palisatles 

Pnlisades, IHinoehilha::Co., Dak. 

2 

i I I, 1 Judsou, Blue Earth Co ........ . 
1" " 

1 ........ . 
1 'lear center of N W t sec 12 Jud. 
1 Minneopn Fall., Blue Earth Co. 

iN. W .• sec. 17, South Bend, 
I iBlue Earth Co .............. . 
I >'outh Beud, Blue Earth Co .... . 
2 L B'nk, Wat. R,N E of G'dll e'y 
1 5W. sltlol\Iaple l!-., S W t. sec. 

~1~; RapIdan B. E. Co ........ . 

Lr',~Ig. 

Jordan. 

Sha~~pee. 

" quarried by Chas H Bennett .. 
,,'. " 

. ............................. . 

.............................. 
.......................... 

S" stratum 5 ft. thick,6 rods S. 
~ of dam and 10 feet below .......... . 

W. Upham," u ,~ 
" t m. S. W. of mill, 7 ft. thick. 

1" half way in location and ap
pearance, between pipestone~ and 
"chalk rock'" all being in s. plane. Jw Up'm. "chalk rock". 20 rds. E of 
dam, and in plane with pipestone. 
Up'm, "chalk rock" grad cb to this 
'iii lower pt orbed of "ch'lk r'ck" 
" Mrs G W Wolrs qu'y at house 
" q}o m S E of hs; lower pt of bs 

5" 7i m W of Mrs G W Wolf's he; 
~Iower part of bed •.................. 

W. Upham, C. G. Swanson's quarry 
" brink of unnamed water faU. 

David P Davis' quarry •...... 
qy. on S M Folsom's estate .. 
Columbus Ballard's quarry. 
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Specimens Re,q-isteJ'erl in lIfliseum in l8S1-Continued. 

NAMF.. 

III 
.~ 

'" 00 
~ 

o 

~ 

L(wnJity. Formation. 

39091 1880 Geol & Nat Hist SuriSandstone containing lignite-particles ......... . ,Sec. 6 Rutland, Martin Co ...... iCretnceous. 

3910 
3011 
3912 
3913 

3915 

3920 
3921 

3922 

3923 

3924 
3926 
3926 
3927 

3928 

3929 
3930 

3931 
8932 
3933 
3934 
3935 
3936 
3937' 
3938 
3939 

Geo. F,\ KU1)z. 

Sandstone .............. , ...................... .. 
Willow leaf in sandstone (A) .. .... ' ........... .. 

" " ." (B) .................. . 
Clay .......................................... .. 
Iron Pyrites ................................... . 

21" " S side Elm Creek ... 
2 Sec 25, North Star, Brown Co .... 
1 ~, H" U 

1 [{ R well at Wal't Grove,Red Co 
j P. Crampton'. well, 8 'W t sec 

"('/) 

gri;,sf~;~il'a·~~· ~f Si;akOl;ee Li;nestol;~: : : : : : : : : I .. ~ 
18, Ehlsvolcl Lyon Co ........ .. 

Sec. 28, Grand View, Lyon Co. 
;;outh Bend, Blue Earth Co ..... 

Clay .......................................... . 

Gravelly Clay ................................ .. 
~;Chal1{" .•.•••.•........•.......•.•........... 
Limestope .................................... .. 
Specimen 'of the "Three Maidens" ............. . 
Calcareous Tufa.... .... .. .................... . 
Septaria ....................................... . 
Septaria-like stone ........................... .. 
Drift gravel, cemented by cnlc. tofa ........... . 
Iron-remented gravel. ....................... .. 
Petrified wood .............. " ................. . 
Wood, S. C. Gale's well ...................... .. 
Hollowed pebbles ............................ .. 
Hollowed pebbles ............................ .. 
E!H.orescence .... ;, ............................. . 

~~\1~~~:~~~::::· .. :::·· .. :::·:·:·:·:·: :':'.::: ::::::::: :::: 

Reel Jacket Mills, Blue Earth Co 

1 
1 IWhite Earth Agency..... . ... 
1- Pipestone QUllrry, Pipestone Co. 

Camden Mill, Lyud, Lyon Co. 
Jackson, Jackson Co .......... . 
Sec. 6 Rutlaml, Marlin 610 ..... . 
S Garden City, Blue Earth Co., 
120-30 rds E of E 1.' Nort'n's hs 

•••• r Red ~~acket :M!~lS, Blue ~~l'th Co 

.... Sec. 10, Gales, Red wood Co ...... 
"'_ u 

''i' S. W. Minnesota ........... ::::: 
.... Sec 14, lona, Murray Co ..... 0 •• 

Drift. 
" 

Drift. 

1 Marshall, LyonCo ............. 
1 
.......... .. 

1 Oharlcston, S. C ................ Oretaceous. 
1 Hardin Co., Ill .... , ....... 0.0 •• , •••••• ' ••••• 

Collector and Remarks. 

~ " G S Livermore's land~ some
times oolitic, like the Altavista:stone 
which perhaps corre.p'ds with this. 

Warren Upham, G S Livermore's land. 
same, N. bank of Cottonwood River. 

(, u ,." 

" 60- 80 feet ..................... .. 

" S.W.r,atho'swell ............ .. 

. 's'I;~e(i'l;y' A 'Gaptel:' ~i' Ma;lk~: 
~ to for pottery .......... : ... .. 
5 thin layer in sand at base of 
~ Gapt.er'. clay bank ......... . 

Gapter'. clay-bank •........... 
bonlders and gravel, common. 

" originally one gigantic boulder. 

. '5'i;0r"r;'R '~eil~~;' i;";'s: by '0;: c'. 
~ Chamberlin ................ .. 

S E side Wat. River .......... .. 
, above pottery clay (3922) .... .. 

found by Georgie 9. Bingham .. 
at 27 feet, below blue till. ..... . 
presentc(l by S.C, Gale ...... .. 

fl:';';; tt;;';;I;';': 'b~il;;; ~sed' 3 ·~o~ 
By ex~~anp:~:: .. ':.::':.:: ':. ::'.::: '.: :::: 

~ 

~ 
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39401 1~~0 
'3941 
3942 
~94~ 
g944 
3941; 
3946 
3947 
'i94R 
3949 
3950 
3951 
3952 
395~ 
39M 
3955 
3956 
3957 
8958 
8959 
3960 
3961 
3962 
3963 
3964 
3965 
3966 
3967 
3968 
3969 
3978 
8971 
39'2 
3973 
3974 
3975 
3976 
3977 
3978 
3979 
3980 
3981 
~982 
3983 
3984 
3985 
3g06 
3987' 
3988 
3989 
3990' 

.. 

Geo. F. Kunz. [Celestite and Sulphur............ .... .... ...... 1 Mt. Girgenti, Sicily. _ ........... Cretaceolls. By Exchange ....................... . 
L L Sphalerite and Marcasite. .... .... .... .... .. .... 2 Mf&SDuri....................... ............ > L •••• •••••••••••••••••••••• 

Calcite, (Dog tooth Spar) ... :.................. 1 FH lls of Ohio, Louisvile, Ky.... ............ . ..................... . 
SIIver~n Galena and Sphalente................. 1 Silver(lCity, Ark~...... .......... .... .... .... Demby mlne ............ . 
Natrollte .. :. .......... ........... .... ........ .. 1 Aussig, Bobclnifl. .............. " , ... , ..... ,. . ',' ...... , .. .... : ....... ,. 
Gold and Silver.......................... ...... 1 Silver City, Ark................ ............ Diamond Joo mme ..... .. 
Whalebone...................... .............. I.......... ...................... ............ .. ...................... .. 

;~;~;~;:;3;0·:// j ~~I;'~ft.'~" /. ••••• ••••••• ~·tOO'hf"· 
Wi~~~~~t~.::·:·:·.:::·:·:·:·:·:·:::::: <::. >.:::.:::::::: l ~~~\a~;~l~~;I~: .. y .... :.: ':': :':':': :.::':':':' :::::::::::: :::::::::: .:::::: :::::::::: 

~~~~~lr;;~·~~~~~~;.~~.:,:.:,:.:.:":·:··"::::::::::::::::: ~ ~~i~~ltt~~~~eg~~::.:.:. ::.:.:.:::::: :::::: :::::: :::: :::: :::: .:::::::::::::: 

Calcite (dog.tooth spar) and dolomite.......... 1 Lockport, N. Y.... ........ .... ............ .. ....................... . 
'I " ........ ," .. , ......... ,.. 1 Niagara li'aIls, N. Y , ...... , , .. ",. ~,....... . ...... " " .. , ...... " ..... . 

Petragotus sp1 ........................ ,....... 1 Buft'alo, N. Y.... .... .... .... ... ............ .. ...................... .. 
Calc tufa, replacing sticks.... .... .... .... . .... 1 New york...... .... .... .... .... ............ .. ...................... .. 
Coral....... ............ ...................... 4 Falls of Ohio, LOllisville.... .... ............ .. ...................... .. 

Geol &; Nat HistSuriShakopee limestone.... .... .... ................ 3 St. Peter, Nicollet Co.... ...... Sl1l1kopee. Warren Upham,Jno.Malgrien'B quaJ"y 
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3992 

39J3 

3991 

3995 

3996 

3997 

3999 

4000 

4001 

4002 
4003 
4001 
4005 
4(».:6 
4001 
4008 
4009 
4010 
4Qll 
4012 

Specimens Reqistered in lIfltseu1n in 1881-Continuerl. 

NAME. 

,I 
I ........................ .. 

'" " '" '5 
'" in 
'0 
o z 

LocnJity. 

St. Peter, Nicollet Co .. 
Eagle Creek, 1 m E of Shakopee 

2 :Manknto ...................... . 

Lime SEt Bec 19, Blue Earth Co 

Mankato ..................... . 

•••••••••• ••••••••••••••••••• u Lime sec 20, Blue Earth Co ..... 
(iron.stained).......... ...... S 1-5 m B of ,ioux City, Merriam 

'{ Junctwn, Scott Co .......... . 
................ .. _........... 4 Sec. 18, Decoria, Blue Earth Co 

Jordan sandstone.......... .................... 2 Jordan, Scott Co ............. .. 
.............................. ~ ,I " .............. . 

Trentolllirnestone ................. ,....... .... 3 Sec. 27, li~ureka, Dak. Co ...... . 
Bouhler containing a green mineral. ......... "\ 3 Blooming Grove, \Vaseca Co ... . 
Pebbles and Boulders .................... _ ..... Indf Sec. 13, Kiester, Farib. Co ..... . 
Rouud pebbles from hollows in Shako Iimestolll' 
Boulder (15 ft. in diameter) ............ : ..... .. 
Black, fetid mud ............................. .. 
Upper Till. .................................. .. 
Dark, very hard Till. ~ .............. , ........ . 

.... \sec 19, Lime, Blue Earth 00 ... . 
1 1; m. E. ~f ~hakopee ........ .. 
1 Freeborn, Freeborn Co ........ . 
1 H " ••• 0 ••••• 

1 Verona Star Mills. _., ...•...... 

Formation. 

Shakopee. 

Jordan. 

Trenton. 
Drift. 

Drift. 

Collector and Rem'lrks. 

I Warren Upham, A. J. Lamberton's 
i qllal'rY, workerl by Hugb Brogan. 
Warren Upham, 'fhos. Durose's land. S Geor/ie Maxfield's quarry, 

l ~;';e;h~e~. :o~~.~~~~:. ~~~~~: 
~ Geo. Maxfield'. best cut stone 

4 feet thick, next below the 
shaly layer...... .. ........ J Geo. lIlaxfiell's qnarry, cut 

I f~~~:a~. ~ .. f~et. ~.L.~~~ .~~~~: 
~ Geo. Maxfield's, 12 01' 15 feet 

above shaly layer; red layer 
of cut stone ~ feet thicli. ... . 

Joseph Kunz's quarry ........ .. 

~J. R. Beatty-the quarry ou 
road to Red Jacket mill,said 
to yield good hydr. cemeut 

J. R. Beatty .................. . 

In railroad cut ............... .. 

Matt Ryan'S quarry ...........• 
Frank Nicolin's quarry ....... . 
Foss, Wells & Co's. quarry ... . 

., Amund Torgerson's quarry. " .. . 

" f~o;'; "top "~f Kies't~~ "hllis"& 'k~;ne8 
J At J. Kunz' qu"ry, probably 
l' preglH cia l river gravel." ... 

i'foot thick' il~'w~ii '':i '95"ie~i::: 
coal bQring, 1880 ...•.. " ...• 0._"," 

~lex Ra)i~d.y ~ .• ~ ~. " .. , .. "." .. .,._./_ !-_. 

f-' 
c:J< 
~ 

~ 
'Z 
~ 

§ 
q 
~ 
t< 

~ 
>tI 
o 
~ 
~ 



~018"I' 4014 
tell's 
4UJ6 
<lQ17 
4018 
4019' 
40iU 
4021 
4022 
40'J3 
4024 
4025 
40'.l6 

4027 
4fr2~ 
4029 
4075 
4089 
4096 
4099 
41OO 
4109 
4110 
4111 
4112 
4114 
4115 

4116 
4117 
411B 
4119 
4ltO 
4121 
4122 
4123 
4124 
4125 
4126 

l~~O 

1881 

4128IMay, 1879 

412910.ct., 1880 
4130 

0801 &. Nat Hist surID'U'k, ver, y hald Till, sandy portion of ....... . 
.. Yellow Till ...•...•............................. 
" Brick, cream~colored...... . ................ . 

1 Verona Star Mill............... Drift. Warren Uplia1ll, Alex H&Uday, •••• \. 
1 " " .... .......... "Same ." .,i •• ' .... . 

2 Mankota, Minn ....................... _... " ... MankatoBrlek Co ............. . 

H. A. Strong. 

Edw. S. Dalla. 

C.W.Hon. 
G. H. Dike. 

By Purchaso. 

J. S. CIIlrk. 

Br!~k, red ..................................... " 

......................................... 
~A1~I~~d·~·O~ci.: ::::. :::::::: ::::::::::::::::::: 
Concretions of c1): : : : : : :: : : : : : : : : : : : : : : : : : : : : : : 
Slag ......................................... . 
Indurated clay, (red) ........................ .. 

.. (b .. nded) .................... .. 
Limestone .................................. .. .. . .................................... . 

slab .............................. .. 
Silicious buhr-stone ........................... . 
Limestone. . . . .. . ... , ......................... . 
Lead ore, (on the St. Lawrence Limestone) ... . 
Green •• nd .................................. .. 
Flag and sandstone, (lingula bearing) ......... . 

.\Iron septaria .................................. . 
Freestone ........................ " ........ .. 
Brick ........................................ . 
Mineral Paint.... .... .... .. ... .. ............ .. 
Linlestone ........... ............ , ............. . 

Danburite, Crystal groups .. " ............... .. 
.. detached crystals.. . ........... .. 

"Pallas Iron," meteoric .............. , ........ . 
Meteoric Iron ................. , ... .. ' .......... . 

stone .............................. .. 

1 " "................ ............ " ,. " ..... aa •••.•••• 

1 ............ .... ............ F. Polchow I< Co ............ . 
1 .... .... .... .... ............ Williams &. Grothe ........... __ 
1 Sec S, McPherson, B. E. Co.... ............ Gekler Bros .. -- ............. .. 
1 Sec. II, Verona, B. E. Cu...... ............ We.tbrook & Ferguson ...... .. 
1 Albert Lea ......................... __ . .... Rusfeldt &. Kleven, ........... . 
3 Little Missouri R. Dak ................ __ .. N. H. Winchell ... -- •• -- ........... " 
2 I' ,. • ••..••. "" Same ............................... . 
1 ...... " .... Presented by Capt. WoICalk, ....... . 
2 ............ N. H. Winchell ................... · .. 

3 

3 
3 

15 
17 

1 
1 

13 
3 
3 

12 
2 

............ Same {pr~:b~.~~ .. ~~~~.i~.~.~~ ~~~~ 
" u u " 

LHnesboro ...... ....... ........ St L~~;~~ce 
Near Spriug Valley.... . ..... . .. Trenton . 
Spring Valley.... .. .... .... .... Galena. 
Bennington, Mower Co......... Drift. 
Lime City ...................... Galena. 
Dre8b:~?h, J.\IIinll .... "... !::)t. ~~oix. 

. .............................. . 
Weisbach's Dam ............. .. 

. .............................. . 
Winona Co. Mining Co ...... . 

., u 

1 .... ........... St. Croix. ': 
1 Sec. 34, M.nomiD ........................... Warren Upham, Peterson & Benson. 
1 Redwood Falls. ............... ............ " Manufactured 1869. 

J Pres. by H. A. Strong, DecorlLh, 
1 Decorah, Iowa....... .... ...... Trenton. I HFossil Marble" ................ . 
3 Russel, St. Lawrence Co .. , N. Y ........ : .... By exchange with Yale College .... .. 
2 ............ Same ............................... . 
1 Krasuojarsh. Sibe~ia............ ............ Date of di~covery, 1876 ....... . 
1 Augusta Co., Va.............. ............ Pille of discovery 1858-59 ..... . 
1 Sieele.Nowy, Poland........... ............ Date of ran Jan 30, 1868 ..... .. 

................................ , 1 Weston. Conn.................. ............ Date of fall, Dec. 14,1867 .... .. " 1 Sylanieza, Hungary........... ........ .... Date of ill.covery, 1844 ...... .. 
1 Parllnllee, India, (Hindostan).. ............ Date of CaU, Feb. 28,1857 .... .. 
1 Estherville, Emmet Co., Iowa. ........... Presented: date of fall, May 10, 1879 ... 
1 ~'oot hills, Black Hills. .... .... ............ .. by Mr. Dike ............ .. 

(The new mineral. Ifound in the 
. . . I Estherville meteorite and named 

Peckhamlte .................................... Sev. EstherVille, Iowa .......................... '1 by Dr. J. L. Smith after Prof. H. 
l Peckham. (See Am. J. Ang. 1880) 

Hematite...... .. ......... .................... 1 East River mines, N. S ..................... Presented by Prof. Clark ........... . 
, . ~ J Stil arton eoal mines, Pictou . I characteristic plants from the 

iron ......... , ....................... . 
stone ............................... . 

~ I iron, showing Widlllanstathian figures 
Ammonites sp. (,I), part of a cast ............. . 

BOSSI! plauts .................................. ,ev., Co. N. S ................... Carbomfer'. Same 1 N. S. coa!. .............. .. 
41311JUlY, 1880IGeol8< Nat H,st snr~andstone............... ....... ............... 3 Taylor's ~'ans .............................. C. M. Perry, (south of the "dike") .. 
4132 ." " Orthoceras,sectioll ............................ 1 Shore of Star Lake,O. T. Co... Drift. Same .............................. .. 
4133" .. lue clay.... .... ...... .... .................... 1 Evansville....... ...... ........ .. .. (50 feet below snrface) ........ . 
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OBTAINED. 

When. I Whenre. 

-,----, -------

Specimens ReqisteJ'cd in Museum in 1881-Continlled. 

NAME. 

z 
o 

"-
[J) 

'0 

~ 
~ . 

~ 

Locality. Formation. Collector and Remarks. 

4134 July, 1880 Geol & Nat Hist Sur Part of pebble.... ... ......................... Fergus Falls....... .... .... .... Drift. C.M.Ferry,(from clay of Fergus Falls) 
4135 H 0\ Clay.... ........ .... .... .. .... .... . .... ...... SPlIlt Knob, L. I\1innetonka.. I' •••.••••••••..•••.• , •••••.• 

4136 Decayed ,tone and concretions.......... .... .... Evansville......... ............ " (clay ba~s) ............. .. 
4137 Fine clny ........................................ Mouth of Tnrtle R Polk Co.... A. P. Hendrickson .................. . 
4138 N. V D. Taylor. Copper ores, etc............................. . Inclf Taylor'< Fulls.... ............. . N. C. D. Taylor ................... .. 

39 G l OCI 1 B I f "1 T 145 N R 35 W 1 ° E. Garrison, beneath tbe river de-41 eo & Nat HIAt "11' ay.. .. .... .............. ........... ........ e( a "ISS., . , .. .... .... .. .. a t fl d I' [95] P 51 R, on 00 paIn ....... . 

4140 R d Q t·( . R I t ( I t d) P k FliP d J 0. E. Gal rison, (Upper strata wbere I e nar Zl e 01 ..,[lllC & one, cong ornern e .. 0 egama fl S •. ••••••••••• ot~ am, I the arrow lIke fall begins), [96] .... 

4141 

4142 

4143 

4144 

4145 

4Hbi 

4141\1 
4148 

4149 

Reddish sandrock .................. .. 

Coarse santlstone .......................... . 

Rotted sandstone ........................... .. 

Clay ...... ........ 

Coar'e Qnartzyte.. .. . . .. .. .. . .. ............. . 

Gray and pinkish quartzyte .................. .. 

Red quartzyte. . . . . . . . . . . . .. .... . ............ . 

............... , , tIe below the apron,lO f,et above ~ o. E. Garrison, (Upper strata, a Iit-

Lower landing, Pokegama Fall. 

I Lower falls Prairie R. ,ec. 34, 
1 T.56,R.26 ................ . 
J Lower falls Prairie R., sec. 34, 
1 T. 56, R. 26 .............. .. 

Prairie River Falls ............ . 

water ledge), [97] ........... , .... .. 
J O. E. GarrIson. (Lowest strata visi. 

ble in the perpendIcular walls), I [98] .......................... . 

10' E Garrison. (Lowest strata visi
ble in the perpendicular walls), 
[98,1] ........................... .. 

JOE Garrison, (From apron, flood-
1 ed in high water(, [99] ........... .. 
J 0. E. Garrison, (From gully on 
1 hluft). [l01] ....................... . 

10. E. Garrison, (In river bed', cov
ered in high water; cracked in all 
rlirections), [102' ............... .. 

J 0. E. Garrison, [IDa], (Near [102], 
1 bnt nat flooded ................ .. 

~ o. E. Ga,:rison, [104], (Highest point 
of exposure, and west of the trail 
from lower landmg to lower lake. SO. E. Garrison, [I05J. (From a loose 

~ ig:~)~ but on expowre same as 

I-" 
c.n 
00 
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t>;j 

~ 
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4150lJI)ly, 18801Geol & Nat HistSllrlRcd Quartzyte ................................. 1 .... ' { p',&i.r~.l~ ~~l.~,.~~~: ~~: .~: ~~:I Potsdam. 
{

o. E. Garrisoll, [1()6].(N~'r ihe 
middle pf the e)<posttte, near· \11& 
t"a\l around the upper falls) ••••. 

10 • E. Garrison, [107], (Near the 
highest exposure, east of the trail 

4151 

4152 

4153 

4154 

4155 

4156 

4157 

415B 

4159 
I I 

4160 1 
4161 April,1880 
4162 1880 I 
4163 " 
4164 " 
4166 ,. 
4166 " 
4167 
4168 
4169 
4170 
4171 
4172 
4173 
4174 
4i75 
4176 
4177 
4178 
4179 
4180 
4181 
4182 
4183 
4184 

G .. ay Gneiss ................................ ·· .. 

Conrse Granite ........ 

Gneiss ...................................... . 

[ron O .. e ....................................... . 

[ .. onO .. e ...................................... . 

Sandstone .................................... .. 

" Clay ........................................ .. 
J. B. Gilfillan. Isection of large (concretion?) ................ ,. 
P. H. Mell, Jr. Lircon... .. ................................ . 

• ~ Talc. Hsoapstone" ............................ . 
Silicious Tufa ............................... .. 

'\ Itacolumite ...........................••••.... 
Clipiasters .................................. .. 
Blue Cornndum................ .. ........... . 
Garnets in ChlorIte ............................ .. 
Impnre Agate ................................. . 
CorunduDl in Zincite ............ , ............. . 
Albite ......................................... . 
Brown Corundnm and Magnetite .............. . 
Grey Uorundum and Tourmaline, ............. . 
Nodules, sup'sd to be chloride f'Dl corundum. v'n 
Pink Cornndum ............................. .. 
Taut.lite ..................................... . 
Essonite ..................................... .. 

Geol & Nat Rist SuriSection of Orthocerata ........................ . 
Artesian·well borings, limestone 80 ft ......... . 

I. " Randl'ock 15 ft .......... . 
limestone 12 rt ......... .. 
sandrock 8 ft .......... . 

10ft .......... .. 
10 ft .......... . 

2 IUpper Falls of Pl'Ririe mver .... 

Potsdam. 

Left bunk of Prairie River Falls ........... .. 

Hight ., 

Prairie River Falls ............ . 

1 On Miss. R. below Prall'ieR ............. . 
1 Minneapolis......... .......... Trenton. 

! ffrJi~:~er'~~~:: <:: :.::: ::::: :::: :::: ':::: 
3 Mitchell Co., N. C ........................ .. 

11~I~tj'll 
Taleaposa Co., Ala.......... .. .. .......... 

around the Calls .• , •..•.•..•..•... J o. E. Garrison, D08~ (Highest part 

1 ~~:l;I~~.~~~~ ;~r .. ~.~. t~~~~. ~~~~.~~ 
~ O. E Garrison, [109], (From a fis

sure in the rock near the river, 
eHst of the trail around the faUs .. 

J O. E. Garrison, [110], (i'rom a fis-
1 sure near 109) ....... " .......... . 

{ 0 t:~ gi{:.i~~~,. ~~~~~: .~~~.r.~~~~. ~~ 
SO. E. Garrison, [112], (From a pit 

l ~;!. .i~. ~.r.~b.p'~~~i.~~. ~~~: .. ~~~~~ 
J O. E. Garrison, [113], (Near land
I ing and trail around lower faUs .. 

{O'n~~r ~m~~~~: .~1.1.~]:. ~~~.~.~ .. ~. ~.i~ 
~O. E. Garrison, [115] (From a loose 

f .. agment in trail around lower 
faUs) ......................... .. 

O. E. Garrison, [116], (From a bluff) 
J. B. Gilfillan ...................... . 
P. H. Mell. Jr. By exchange ........ .. 

~ I I ~ 

(from t~~p dik~) 

6 N. Africa diamond fields ...... . 
3 Vermont. Blk. R. limestone .. .. 
2 HastiDg~\ Dn. Co ............. . 

:::::::::::: \·S. F Heath ........................ .. 
.... .... .... Bored_by W. E. Swan. I (to:80 ft) .... . 

............ "Ill (to 107 ft) .............. .. 

............ \BY same, II (to:,5 ft) .............. .. 

.. .. . ..... . "IV (N o. 1 at 102 tt), no water 

.... ........ "IV (No.2 at 122 ftl, " 

.. ... ..... .. "IV (No.3 at 13~ ft), 

UJ 

~ .., 
t>1 

~ 
t< 
o 
S 
UJ 

!'3 

....... 
c:;J> 
<:C 
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4185 

4186 
4187 
4188 
4189 
4190 
4191 
4192 
4193 
4194 
4195 
4196 
4197 
4198 
4199 
4200 
4201 
42lJ'Z 
4203 
4204 

4205
1 

4205 
4207 
42D~ 
4209 
4210 
4211 
4212 
4~13 
4214 
4~lo 
4216 

" 

Specimens Registered in l11llseum in 1881-Continued. 

ODTAI)I'ED. 

NAME. 

When. I Whence . 

1880 Geol & Nat Hist SurlArtesian-well borings, sandrock, 20 ft ......... . 

20 ft ......... . 
10 ft. ...... . 
10 ft .. . ... . 
10 ft .... '" .. 

sandy shale 25 ft. .... . .. 
gray bhale 43 fr. ....... . 
green ,llOle 20 fe t ..... . 

" 110 ft ...... . 
sandy shale 15 ft ....... . 
sa.ndl'ock '..:U It.. . . . . ... .. 

Ii,nestoue 20ri::::::::::: 
blue shale 70 !'t .......... . 
green shale 20 n ........ . 
Jimestone 5 ft .. ........ , . 
£Ialltll'oc'k 5 ft .......... _ 

I, 25 ft .......... . 
10 ft .......... . 
10 ft ......... . 
10 ft .......... . 
5 ft .......... . 

15 ft .......... . 
30 ft .......... . 

7 ft .......... . 
43 ft ........ . 
30 ft ......... . 
40 ft .......... . 

red ~~nustone ........... . 

red shale ...... ::: :::: :::: 

en 
" " ~ .. 
~ 

'" ... 
o 
o 
z 

Locality. 

I IRastings, Da. Co ............. . 

1 
1 
1 
1 
1 
1 
I 
I 
1 
1 
I 
1 
1 
1 
1 
I 
I 
1 
1 
1 
1 
1 
1 
I 
I 
1 
I 
I 
1 
1 
1 

Formation. Collector and Remarks. 

{ Bor'd by W.E Swan IV, (N 0.4 at) 
............ 162ft) I ~ 
............ lJy same, IV, (No.5 at 172 ft)... ~-:;; 
..... .•.•••. " IV. (No.6 at 182 ft) .... I " 

... .... .... I\", (No.7 at 192 it) .... I z 
.......... .. IV, (No.8 at 202 ft) .... ) 
............ V, (t02!7ft) .............. . 
............ VI. (to 270 tt) ............. . 
............ VII, (No. I at 290 ft) ...... . 
............ VII. (No.2 at 400 ftJ ...... . 
.... .... .... VIII. (to 415 tt) .... ...•.... 
............ IX.(No.lto436ft) ....... . 
........... IX, (No.2 to 455 ft) ....... . 

............ 1st flow, IX, (No. Ho 475ft) 

............ X, (to 495 ft) .....•...•..... 

.... ..... ... XI. (to 565 ft) ............. . 

... . ... . .... XII, (to 585 ft) ............. . 

.... ....... Xlll. (to 590 ft) ........... . 

.... .... .... XIV,2d flow, (No.1 to 595 ft) 

.... .... .... XIV, (No.2 to 020 ft) ..... . 

............ XIV, (No.3 to 610 ft) ...... . 

............ XIV, (No.4 to 640 ft) ...... . 

............ XIV, (No. 5to650ft) ...... . 

............ XIV, (No.6 to 655 tt) ..... . 

... . ... . .... XIV, (No.7 to 686 ft) ...... . 

............ XIV, (No.8 to700ft) ..... . 

. .......... XIV, (No. 9 to 707 ft) ..... . 

......... .. XIV, (No. 10 '0 750 ft) .... .. 

........ .... XIV, (No. llt0780ft) .... . 

............ XIV, (No. 12 to 820 ft) .... . 
.......... . . XV, (No.1 to 835 ft) ....... . 
...... ...... XV, (No.2 to 850J"t).'.,,_. 
............ XV, (No.)l to'S70 ft) ..... <._ 

I-' 
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4211/ 4218 
4219 
4220, 
4221 

1880 
" I Geoi & Nat Hlst Sur Artesian well drtll.illgS' red sandrock ........... \ 1 IHastlngs, Da. Co ............... \ ............ Bored by W E Swall,XV, (No 4t0885tt} " I ,~ "redshale ................. 1 I' .............. ............ Bysame,XV,(No.5to925ft ..... ~~. 

" . ' { \' red sandrock.... .... .... 1 " .... .......... ............ " - XV, (No.6 to 950 ft)._ .... . 
" ",. " .............. , 1 I ' , ...... .. ..... ,............ " XV, (No.7 to 1,000 ft) .... .. 

I-'- 4222 
I-'-

4223 

4224 

4225 

4226 
4227 
4228 
4229 
4230 
4231 

4235 
4236 

1879 
1880 

.... .... .... 1 " .............. ............ " XV, (No. g to 1,050 ft} ..... . 

............ 1 " .............. ............ " XV, (No.9tol,060ft) .... .. 1 Presented by W. D. Hurlburt, low-
Barrens of N. Alabama.... .... ('/) est limestone, the rotted layers 

still show strata ............... .. 
j Upper J Presented by W. D. Hurlburt, Drift, 

Olmsted Co .................... 1 Trenton (1 I cut on Eyota & Chatfield R. R .. .. 
. I JCarbSand db W H Ib t Pentremltes................ ................... 10 Cumberland Mts. E. Tenn ..... 1 stone .. Presente y . D. ur ur ...... .. 

"Mountain Limestone," showing crinoids...... 1 East Tennessee ............... Sub. Carbo ". 
" H "massive coral 2 H •••• •••• •••• .••• " 

Mr. Ree,se. IFOSSil wood, showing knot...... .............. 1 Milk R. Yalley, Montana .................. Presented by Mr. Reese ............ .. 
Geol & Nat Hi.t Sur Graphite ...................................... Indf Lake Superior .............................. S. F. Peckham .................... .. 

" ~~l:r~l~c!t~~~.l~:::: ::::::::::::.::::::::::::::: '{ ph;~·~~th>Vt·.: ::'.::::::::::::: .::: :::::::: u. D. ,~atkins.::: .. :.:::::::::::::::: 
Vegetable impressions in sh"les................ 4 Cleveland, Ohio ......... , ...... i ~~~~e~~~ coal, No. 1. ....... .. 

W. D. Hurlburt. ICrinoid joints ................................ .. 

Limonite ...................................... . 

Non-plastic clay............. .................. 1 Bohaes, Tuscarawas Co., Ohio. ........ .... .. ................. .. 

4237 Cone in cone...... ............... .... ........ .. 1 Cleveland, Ohio ................ i B~l;~~~a. .. .................. .. 
:~~ Shales carbonaceous .................... ~ ...... sevl ~ {, l, l, •••••••••••••••• ,{, •••••••••••••••••••••• 

4241 1 Slickinsided coaL...... .... .... ................ 1 Brewster bank, Akron, Ohio.. .. .. .................. .. 
4242 188 John A. Gr.een. "An.amosa stone"..... ........................ 1 Stone City, Iowa ............... Up. Silurian John ... Gre~n, Champion qu.arries ... 
4243 Ms>:, 1881 Geol & Nat Hlst Sur Tellmomya levata (or fecunda, H).... .... ...... 24 Dubuqlie, Iowa ................. Mag. shales Exchange WI, h Prof. S. Cajylll ...... . 
4244 Aprll,1881 ,. Copper.............. .......................... 1 Stearns Co .................... Drift ....... O. E. Garrison, cm from a large mass 
4245 Mal'71S81 Regent R. Chute. Coquina........................................ ·1 St. Augustine. Fl" .............. Tel'. (?) .... Presented by Regent Chute ......... .. 
4246 S 7 Geol & Nat Hist Sur Building stone one foot square.... .... .......... 1 Pipestone quarry Pipestone Co. Pots.lam ... N. H. Winchell ..................... . 
4247 June~ 1881 {, {, Limestone, believed to be hydraulic.... ..... .. 2 Four mi es north of Mankato .. Sha.kopee .. ,{, ....................... . 

" White Clay, believed to be kaolInic...... ...... 3 " " .. Cret (7) .... J M~:.:·fi~id'~· q~~r;y, .. d.;,;p 
4248 

4249 

:~~IJUlYI' 1881 
4252 
4253 
4254 
4255 
4256 
4257 
4258 
4259 
4260 
4261 
4262 
4263 

Limestone, showing light blue color ......... , .. 

Elephant's tooth .............................. . 
Artesian well drilling., black soil. ........... .. 

H H yellow clay ........... . 
sand and gravel. ..... .. 
gravel from same ..... . 
"Hardpan" ........... . 
sand .................. . 
sand ................. .. 
sand ................. .. 
coa-rse sand ........... . 
saud ................. .. 
sand ............... ''',' 
sand .................. . 
sand .............. 0 ••• 

sand .................. . 

1 sea ted bed..... .. .... 
Neal' the Rosebud R. Mon ...... Cret. (?) •. , S Presented by S. Deutsch, (per Col. 
L k C. ( J. B. C.ough) .................. .. 

a ~,.llY ............ ""."." ............ Presented by W. E. Swan, (No.1) 2 ft. 
.. ................................ By same, (No.2) 42 ft ............... . 
...................... " (No. 3a) 202ft ............ .. 
.... . ........... ...... ............ (No. 3b) 202 ft ............ . 
............. , .................... , (No.4) 207ft ............. . 
.... ................ ............ (No.5) 2Hlft .............. . 

.... .... .... ...... .... ............ (No.6) 220 ft .............. . 

.... .. .. ........ .. .... ............ (No.7) 2"5 ft ............ .. 

.... .... .... .......... ............ (No'. 8) 232 ft ............. .. 

.................. .... ............ (No.9) 290ft ............ .. 

::::: ;~::::: ~: ~ ~:::::: :~ ~:: ~~:~::: IMf t~gii~L ~::: :~~::: 

Mankato ....................... IShakopee .. 

00 ..., 
;...., 
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Specimens Registered in Museum in 1881-Continued . 

~ O:BT.A.IlflilD. 

s 
" z NAME. 

';;j 

~ When. Whence. 

4:164 July. 1881 Geol & Nat Hi.t Sur Artesian-well drilling., sand .................. . 
4266 II .1 "" sand .................... . 
4266 sand ................... . 
4267 sand .......... , ........ . 
4260 sand ................... . 
4269 red shale ............... .. 
4270 " sand washed from 
4271 unwashed ........ 
4272 sand washed from 
4273 n u washed.... .. .. 
4274 
4275 
4276 
4277 
4278 
4279 
4280 
4281 
4282 
4:lB3 
4284 
4286 
4i8& 
4287 
428~ 
~ 
4290 

!:~\ 4293 
4119' 

4~6 I'. 

.................. 
sand washed [rom 

~~~'d ~~;h~d' f~~;";' 
" 

black l~~~:::::::: :,::::: 
yellow clay ............ .. 
sand and graveL ....... . 
blue clay .............. .. 
gray limestone. , ........ . 
g-ray shale .............. . 
blue limestone .......... . 
gray limestone, ......... . 

1?~e<;~ of )~ml?s~onc. '.' .... 

.; 
~ 
.~ 
'" "" 00 .... 
o 

~ 

Locality. Formation. Collector and Remarks. 

1 Lake City ...................... 1 ............ Presented by W ESwan,(No.14),440 ft 
1 " ......... ' ............ 1 ............ By same, (No. 15),446 ft ........... .. 
1 " ................................. " (No. 1(5), 460ft ........... .. 

~ ::::::::::::::'.:::',':: ::::::::'.::: " m~: i~l:~6~~L:::::::::: 
1 .................. , .... .... .... (No. 19),505 ft ........... .. 
1 .............................. '... (No. 20a), 525 ft .......... .. 
1 ...................... .. ......... (No. 20b), 525 ft .......... .. 
1 ........... , .... .. .... ............ (No. 21a), 570 ft .......... .. 

l .::::::::::.:::::::.:: :::::::::::: m~: ~2~>6~~OfL:::::::::: 
1 ...... ..... (No. 23a), 640 ft .......... .. 

i ::::::::::::::::::,:::: :::::::::::: m~:~~~U:8~L:::::::::: 
t ::::::::'.::::::::::::: :::::::::::: m~: ~~~?:~3gfL::::::::: 

~ ::::::::::::::::::>: :::::::::::: mg:i~;n~HL::::::::: 
1 :::::::::::::::::::::: :::::::::::: i~); B~~bk~~~ :~:::::::::::: 
I ................ ............ (29). 820ft ................ .. 

I A<~l'": ~:'!r;~~iu!: 
I J "-ate}' rose to within 9 ft of .-' 

.. , ~ , ... ",' . ~ ~ ... ' . . .. .. ............ 1 ~~~~~~n:r~n;t:f ::~~bC;t 
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4296 July, 1881 Geol & Nat HlSt Sur/ArteshtJl_well c1rinings~ eoU .................... . 

4~98 • ~ I. ".. blue clay ............. . 
4297 ' ~ ~ I / ' , I ~ yellow clay ........... . 1 Britt, Iowa ................................ Presented by W.E.Swan,(l), 4ft thick 

1 ., ............... , . . .. . ... ....... By same, (2), 6 ft thjck ............... . 
4299" "_ ~. "gravel ................ . 
4300 ,. 11..1 H '"hard_pan" .......... .. I:::::::::::::::::::: :::::::::::: " m:~" :::::::::::::::: 430i I brown limestone ...... . 
4302 gray shale ............ . I .............. ............ (n),57 ............... . 

4103 

4304 
4305 
4309 
4310 
4311 
4312 
4313 
4314 
4315 
4316 June, 1881 
4317 " 
4318 
~3I9 Ang., 1881 

4320 July, 18&IIH 

1 ., '" ....... ........... m: ~8 ':. 'i'~ihis'w~~:';-~~ 
J tel' contained in a crevic6 

I 
1 at470ft .........•........ 

1 ., . .................. ............ ., (9),15 ft thick ............. . 
1 " ............................. 0.. ' , (10), 26 " .... .... .. ..0 
2 Ow.seo Lake, N. Y ............ Hamilten .. S. G. Williams, by exchange ......... . 
2 ayugn Lake, N. Y..... .. .... Genesee..... ,. ,. 
2 iugfield, Herk Co., N. Y ...... Cornif.. ... . 
1 Groton, N. Y .................. Chemung .. . 
1 Wingfield, Herk Co., N. Y, .... Cornif.. .... . 
2 Owasco Lake, N. Y ............ 'IHamlltO:l . 
1 Wingfield, Herke Co., N. Y ..... illarcellies .. 

.... Sec. 8, Middleville, Wright Co .. Cret? .. " .. C. L. Herrick, rises 2 ft above Crow R 
.......... 0... .... ...... ........ . ... ' Sec. 13, (1) Frankfort, ,. "... .. <" both sides Grow R .... . 

(ImN E) 

limestone Mag ..... '" . 

brown carbo shale .... . 
Ught limestone ........ . 

Propidoleptus carinatus, Con .............. '" . 
Discina lodensis, Vannxem ... o. 0 •••••••••• ' •• 

A tl'Ypa. reticularis, val'. prisca., .......... " ... , 
Lycopodites van uxemi. Dawson .. 0 •••• ••••• , ••• 

Stropilomena rhom boidalis. .. .. . . . . . ... . ..... . 
Pterinea avicula glabella COil...... . ..... . 
Tentaculites fissnrella ........................ . 
Sandstone ................................... .. 

Hudson river shale ...... 0 •••• " .. o ... 0 0.00. 0'0 1 Cook's quarry, Minneapolis ... Hudson R. ,~ ....... 0 .............. . 

IMarble.... . ........ .... .... .......... .... .... .. 1 Scranton, Vt .................. 1 " ...... N. H. Winchell.. ................... . 

H. Sibley ....... Fossils ......................................... ~2 1 M~'!i? o~ Cheyenne R., Black ............ Presented by Gen. H. H. Sibley .... .. 
4321 ....... Petrified wood......................... ....... 1 Dakota.~' .. ~:::::::::: ~:::::::: ............ H " 

4322Jnne, 1881 Geol & Na.t Hist Sur "Molding sand," ................................... Middleville, Wright Co ......... IDrift ...... 'IC' L. Herrick, bank of Crow river ... . 
4323 " " Drift, characteristic of Wright Co .................. Ji:ingstone. Wright Co.......... "....... "banks of Crow R. 25-30 ft 
4324" " Sand overlying No. 4316 ............................ Sec. 8, Middleville, Wright Co .. ' "......." " ....... . 
4325 Ril) of lVIanatus.... ...... .... .... .... ...... ... 1 Coosau, S. C.... .. .... ......... .. .......... Prof.C.U .Shepard,()bt~inetl by excll'ge 
4326 July, 188! Gool. Sliney ...... Tooth of horse. .... .......... .............. .... 1 " .... .... .... .... .... ............ " " 
4327 " .... " Charcharadon giganteus (tooth).... . .. ........ 1 " ................... . 
4328 ..... Cbareharodon angnstidens ltooth).... .... .. .. .. 1 ............................... . 
4329 ... Charcharodon megalodon, etc. lteeth)......... 20 ............................... . 
4330 ... Phosphatic nodu!es...... ..... ................ 4 Coosau and Ashley R's, 8. C ............... . 
43 1 J Flnorite (emerald green,) with titanite amphi- d 

3 .... 1 bole, etc............. ..................... . ... Ottawa Can a a .......................... .. 4332 
4333 
4334 
4335 
4336 
4337 
4338 
4339 
4340 
4341 
4342 
4343 
4344 
4345 

...... Oalcite, (red) ......... " .............. " ............ Grattan, Oanada ..... '" .. .. ............. . 

...... Deweylite, with chrysotile ....... <:..... .... .... 3 Templeton, Can ........................... . 

...... Zircon ....................................... Indf Henclerson Co. N. C.... .... .... ...... . ... . 

...... Kuebilite........................... .... .... .... 2 Cumberland, R. r .............. . 
.... Danburite .. o. ,. 0 •• 0 ••• 0 ••••••••••••••••••• ,.... 3 Russel, N. Y ..... 0' ••••••••• " ••••••••••••••• 

...... Clocoite. 0 •••••••• 0 •• 00 •• 0 ••••••••••••••••• 0.' 1 Beresof, Russia ......................... ,.,. 

...... Apatite........... .... .... .................... 2 Templeton, Can ........................... . 

.. .... Apatite crystalR ....... 0 .0 •• , ••• , 0 •••••••••• ,.,. Inc1f " " ... , .................... _ .. . 

...... Apatite crystals, (reddish)..... .... .... ........ 4 Gratton, Can ............................. . 

.. .... Aplltite ... ,. 0 •••••• ••••• •••••• 0. 0.' •••••••• 0... 1 t ~ ••••. 0 ••••••• , •••••••••••• 0 ••• 

...... Apatite... ....... ............................ 1 Teml)leton, Call ......................... .. 

:: :::: ~;~~~~~~.~.~~~~al~g~~e·:·::::·:·::::::::::::::·:::: ~ " .. : : : : :::: :::: :: ::::::.::::: 
...... 
0;, 
Q:I 

OJ] 

>-3 
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t'" .., 
t'" 
o 
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o 
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Specimens Registered in JI,t!lIseum in J881-Contill'ued. 

J OETAINED. l a 
" z 
~ 
&l 

When. 

43461Jnly, 18811Geol. 
4347 .. 
4348 
4349 
4350 
4351 
4352 
4358 
4364 
4365 
4366 
4351 
4358 
4359 
4360 
4361 
4362 
4363 
4364 
4365 
4366 
4367' 
4368 
4369 
4370 
4371 
4372 
4813 
4374 
4375 
4876 
487'1 
487.8,· . 

NAME. 

Whence 

" " f/; 
'0 
o z 

Locality. FormatlOn. Collector and Remarks. 

~,nrvey:::::: ~clr:~ii;;:""::::::::.:::::::::::::: :::: :::::::: t ~:~~~~~ .. ~~:'. ~:~: .::::::: :::: 
...... Tourmaline, (brown,) and augite, (white). ...... 1 Governenr, N. Y .............. . 

.•......... 'IProf.C.U. ~~epard,obtaine~ ~y elCch'ge 

::::::::::::1 
...... Lederite and augite, (black).... ................ 1 Gratton, Can .............................. . 

:: :::: X~~~~:~::::: ::::: ::::::::::::::::::::::::: :::: ~ ~~~i~~l~~~~i~:::::::::::::·.::: :::: '.::: '.::. 
:::::: ~~!!fl~t~~:·:·::::·.:.:.:.··.·· :':':'.::':'::':::::: :::::::::: i g~!~!/Jt~n!~~::.:.:.:.::::::::::: ::::: ::: ':::: 
...... Chry"otilein Deweylite...... .... .... .... ...... 1 Templeton, Can ............................ , 

:::::: g~~~~it::::::: :::::::::::: :::::::::::::::::::: ~ ¥;~~;:t,~~: C~~:::::::::::::::: .::::::: '.:::' ..... '1~'OSSil wood.......... .... .... ................. 2 Coosau, Sonth Alabama .................. . 

> ~a~~::~·f~./· I [~~:i~"i,/// 
...... Pyrosmahte..... .... .... ...................... 1 Norumark, Wermlalld ..................... . 
...... Angite............ .... .... .... .... .... .... .... 1 Ottawa Canada .......................... .. 
..... Lederite, (Titanite)............ ................ 2 Grattan, Canada .......................... I 

...... Pyrophyllite.... ........ ...................... 5 Graves 1I1t, Ga ............................ 1 

...... Cnprite mixed with sulphurets of copper... .... 1 Siberia........ . .......................... . 

...... MeniIite with Glossecollite ..................... 1 Coooan, 8. C ............................ . 

....•. Lazulite................. ...................... 4 Grave. 1I1t., Ga ............................ . 

...... Topaz and margarodite................ ........ 1 Trumbull, Conn .......................... . 

...... Amphiboliteand calcite (red and blue) 1 Templeton, Can ........................... . 
..... Wilsonite.... .... .... .................. ........ 2 " .... ...................... . 

...... Anorthite, (lndianite) with specky Allanite..... 1 Pelham, Mass ............................. . 

:: :::: l~~tt::i;;cni~ii~: (r~cij:::::::::::::::::::: :::: ~ ~~:~~~~: ~~~w.~.~ :::.- :::::::::: ::::::::::: 
...... \R!lti1~ .......................................... \ 1 Graves 1I1t., Ga ................ 1 ........... . 

.. ... CalCite, (red) with apatite and biotite.. .. • .. . . . . 1 " .. . . .. .. .. .... .... .. ........ . 
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4379 July , 1881 Geol. Survey ...... OrthoClase crystals with albite. .. . . ..• . •• . . .• . . 1 Hlmtington, Mass .....•••••••••....•..•.•• 'IProf.o.u .Shepard,obtaiD8d by exch'ge 
~O " .' •.•... Asbestoid Bronzite.... ...... ...... ...... ...... 1 Pelham, Mass ...................... 0... .... " ,. 
·4.381 " ...... Tremolite ...................... _ ............. 1 Cherokee Co.,N. C............ ............ " ,. 

=~ :::::: :gg:~~~:::: :::::::::::::::: :: .... :: .... :: .... :::::::: : ;::{l~~~.'. ~.~~':::::.:::::::::::: :::: :::: :::: 
4384 ...... Augite Chromiferous........ .................. 1 Wakefield, Conn .......................... . 
'4.386 ..... Phosphatic nodules, "land phosphate............ 1 Ashley Regiou, S. C ...................... .. 
43P., ••••• Pyrula carica.... ...... .... .... ............... 2 Young's Id., S. C .............. P'stPliocene 
4387 ...... OliVR litorata.... ........ .............. ........ 7 ............ .. 
43BB ...... NaUca duplicata ............................... lodf ............ .. 
4389 ...... Arl emis conceutrica .. ... ...................... 3 . .. ........ .. 
4390 ...... Area ineongrua.... .... .... .... .... .... .... .... 5 ............. . 
4391 ...... Lutrasia caoaliculata.... .... ...... .......... 6

1 

............. . 
4392 ...... Terebra ncuta ................ " ................ lodf ............ .. 
4393 ...... Mactra suniles.... .... .... .. .... .... .... .... . .. I ............ .. 
4394 ...... Sigarelus perspectivus..... .... .... ........... 1 ............. . 
4395 ...... Scalaria.... . .. . . . .. .. . . . . . . . . .. . . .. . . . . . . .. . . . . 1 ..... " ..... .. 
4396 Oct., 18Bl ...... Squared slab of roofing slate........... ........ 1 Near Knife Falls .............. /Huronian .. 
4397 ...... Hudson River limestone........................ 2 'Cllllton Falls ................. Hud R .... .. 
4~98 ...... Blne sandsrock, (builrling stone.)..... ...... .... 2 Dresbach ...................... St. Croix .. . 
4399 ...... Buff sandrock. (building stone.)............... 1 Dakota........ .... ............ " 

N. H. Winchell, (12iu by 26 in by 2 in) 
{ (taken for buildiog 

stoDe tests ....... .. 

4.400 ...... Yellow saudrocl<, (building storie.)..... .... .... 16 Near Fort Snelllng ............ . 
3 

44011Ang , 187H 

4402 

...... ,Basaltic columns, (triangular.) ............... .. Grand Marais .... ............. . 

. .. , ..................... . 
Fr'm the natnral break

........... . c. W. Hall) water, Grand Marias 1 harhor .............. . 4 
(fonr-sided.) ................. . " ..................................... " . 1 

1 .............................. 1 .................... .. 
2 Devil'sLake, Wis .............. Potsdam .... C.W.Hall,(fromentonC.&N.W.Ry.) 
3 Aiken, S. C ............................... C . .M. Terry pr~sented ............. .. 
I Soko Banjia, Servia ....................•.•. Prof. Shephard, obtained by exch'ge .. 
2 Stannern......... ...... ....... ............ " . ~ 
2 Searsport, Me.. . .. . . .. .. .. • . .... .. ......... . 
I Little Piney, Mo .......................... .. 
1 Milena .................................... . 
1 Di.co, Baffiu. Bay ........................ .. 

Ind! Sarepta ................................... . 
I Union Co., Gil ............................ .. 
I !:;nnta Catarina, Brazil...... .... ... .. ..... . 
I Bltbnrg, Prussia .......................... .. 
I Auburn, Ala ............................. .. 
1 Lexington, S. C ........................... . 
1 Durango .................................. . 
1 Ivanpah, Cal. ............................ . 
7 II •••••••••••.•••••••••• , ••••••• 

1 Sioux Fulls, Dak ............... potsdam ..•. jN. H. WiDchell.. .................. . 
1 ................................ ............ " .................... . 

Ii ~~~s~:i~~:::::::::::: :::::::::: ~.t:. ?r.~i~::: ...... :: •....... ~Dres~.~~~:s ~~Il~):::: 

4403 (five.sided.) ................ . 
4404 .. .. .. " (slx-s!ded.) ................. .. 
440, ort., 1881 C. W. Hall ........ Quartzyte ..................................... . 
4406 July, 1881 C. M. Terry ....... Kaolin ........................................ .. 
4401 Nov., 1881 C. U. Shepard: ..... Meleoric stone, (fell Oct. 13. 1879.) wt 1.,5 grains 
4408 " " "(fell May 22, IB08,)wt 1.48 ' , 
4409 (fell 1871.) ....... wt 1.4 
4410 .................. \\ t 1.36 
4411 .................. wt 2.1 
4412 Meteoric Iron.... .... .... . .. wt 14.55 
4413 " (fragments) ..... wt 2.52 
4414 ................. wt 0.63 
4415 (fell 1875) ....... wt 18.35 
4416 ................. wt 4.55 
4417 ................ wt 24.97 
4418 ................. wt 17.n 
4419 ................. wt 8.4 
4420 ................. wt 1.98 
4421 ...... . ................ wt 2.3 
4423 Oct, 1881 Geol Survey ...... Pink QURrtzyte .......................... . 
4424 May, 1881 " ...... Sas~olite ....................................... . 
4426 " ...... Sandstone with lingulae and galenite .......... . 
4426 Sept, 1881 ...... Pressed brick, red ........................ " ... . 
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Specimens Re.gistered in Museunt in 1881-Continued. 

-------------------------------------------

j OBTAINED. 

Whence. 

NAME. 

il-=-I_ 
44~ISept., ISS11<MoJ. Survey ...... ;Fine.grailled, gray granite ................. , ... . 
4429 

4430 

4431 

443:2 

4433 

4434 

4435 

4436 

4437 
4488 
4439 
4440 
4441 
4442 

4443 

4444 

......• Grallite, light.colured .............. , ... , ... , .. . 

..... ,Dark Mica-schist ........................... .. 

...... I White quartzose granite ....................... . 

...... ,Coal'se red e:ranite, (superficially red) ......... . 

...... 'Gneiss ...... , .................................. . 

......• Homogeneous, fine, gray, granite .............. . 

......• Red il"anite, enclosing a miCaCbOIl& mass ...... . 

.. .... IFiue, homogeneous, white granite .............. . 

...... Mica schist ................................... .. 

...... Hard mica schist, attached to dark gneiss ..... . 

.. . ... Fragile mica schist ........................... .. 

...... Qn~rtz, vei.n in mica schist .................... . 
Redis~~ray g~~nite .......................... .. 

.... "IDark gne~., (red ~ld.par) ................... .. 

...... Coarse gnms., (white feldspar) ............... .. 

.; 
1;; 
S .<:; 

" ~ .... 
o 

~ 

Locality. Formation. 

S. E. ~4 Sec. 34, 43, 23, Aitl).in COl" ...•..• .' •• 

Sec. 4, 42, 23, Kanabec Co ..... . 

Sec. 9,42,23, 

Sec. 16, 1'.42,23 

2 ISec. 15 & 16, T 42,23 Kanabec Co, ........... . 
3' 
1 
1 
1 
3 Is.E. t Sec.30, 1'. 40,2., 
2 S.W. tSec,29. T. 40, 24, 

4 I { N.;N. tllec. 24, T. 41,31, Mor_ I .......... .. rIson Co ................... . 

9 ISec. 21, T. 41, 29, Morrison Co .. 

Collector and Remark •. 

Warren Upham ..................... . 
J 1m N of the mouth of 
) Gowan's Cr ....... . 
J Am N of the mouth of 
I Cowan's Cr ........ . i Typical rock at thQ 

"Jaws uf the Upper 
Fall!'!," Snake Rivel 

j "Jaws of the Upper 
I ~'alls" ofSnnke R .. J 30 rods S of "Uppe,' 

1 ~~~~:: ... ~~ ... ~~.~~~ 
j 60 "ou. S of "Upper 

1 ~f~~~: ... o~ .•. ~~~~~ 
J 60 rods above head of 
I Lower Falls ....... . 

{
Upper part of Lower 

~'alls of River, the 
prevailing rock here 

Cent'l p't LOwer Falls 
" " 

Lower Falls, Snake R 
At Ann Lake dam .... 
At Roll dam, Ann R 

o 
Be1IePr'ie, "}for1ison C 

·~Granite O~~Y", ~ ..•• ~ 

f-l. 
0:. 
0:. 

>'3 
1;>;1 

~ 
IJ:I 

>-

~ 
>
t:"I 

p,j 
1;>;1 

'''0 o 
p,j 
>'3 

•. 'ii~ 



i«lIfsep·t., iMIIGeol. Survey ...... !Fine, red granlte .......... , .. , .... " .. , ........ 5 IIl.B. t Sec.ai,T .41,IV,MorrisoaCo 

2 4.441 

«47 

4448 

4«9 

4450 

«51 

4452 

4451 

US( 

4455 

4456 
4457 
4458 

4459 
4460 
4461 
44&2 
4463 
4464 
4465 

4466 
4467 
4468 
4469 

«70 

4471 
4472 
4473 
4474 
44'6 

'Coa_ gnei •• , (white feldspar and biotite) ..... . 

eiss, (white feldspar and biotite) ............ . 2 IN. W.J( 8e •. 18, to, 29 

Micaceous granite, (white feldspar and biotite) 2 {N:or~is~~cC~' .. ~~' .. ~~'. ~i~~~: ........... . 
Micaceous gneiss, 2 ~ , , , 

Dark micaceous granite, (gneissic).......... 6 {8er~~~!8C~~d. :".~: ~~: .3.~,. ~~~: ::::.::: '.::: I 
Coarse, gray granite, (gneissic)................ 4 J 8, W . .14 Sec. 17, T. 40, .30, 1 Morl'1son Co .......... .. 

Fine, gray granite, (homogeneous)..... .... .... 17 {S. ~s~ ~~~: .1.3: :~: :~~,.~~,: ~~~~I .. . 
Coarse, red syenite .......................... .. 

Fine, red syellite, (dyke. like) ................ .. 
Coarse, red syenite, (50 rolls W. ofla.t) ....... .. 

Fine, red granulite, (compact) ............... .. 
Fiue, dark trap, (from a dyke) ................ . 
Conrse, red syenite ........................... . 
Porh::rritic, red syenite ....................... . 
Coarse, micaceous syenite, (white feldspar) ... . 
Fine, light granite ............................ .. 
Coal'se, red syenite ....................•....... 
Micaceous syenite, (gray) ..................... . 

" (showing lum bs of dark) .. . 
Reddish granite, (Porphyritic with albite?) .... . 
Coarse, red syenite .......................... .. 

Coarse, reddish-gray syenite ................... . 

Coarse, re~ ~yenite, (has ~?me mi~a) ........... . .. , ......... . 

\
nark, liue, trap-rock; dyke 1 ft wide ........ .. 
F!ne, mixed, (~eddish-gray) oyenile ........... . 
Fine, red synel.te....... .... ..... . ........... .. 

4 I {N. W. X Sec. 18, T. 39, 30, 
Morrl'son "0 r·· •••••.•.•. v ••••..• ·•· ••••. 

1 ISec. 29, T. 38, 27, Mille Lacs Co, .......... .. 
2 

211ec. 19, T. 38, Zl, 
1 Sec. 24, T. 38, 28, Benton Co .... 
2 

215N.E. J<i N. W. J( Sec. 20, 38, 
~ 28, Benton Co ........................ .. 

2 " " .•......•... 
2 ., " ....•....... 

5S. E. M S. W M Sec. 18,37,29 .......... .. 
~ Benton Co ................ .. 

2!",.E.)48ec.35,37,31.BentonCo .......... .. 
2 H " 

2 
4 Sauk Rapids, Benton Co ........ 

III m. E. Sank Rapids, Be~t~;; 'col:::::::::::: 
4 N.~ Sec. 11, " " ........... . 

4 

2 ~.E.J4 Sec.n, 3 N.W.! Sec.18, 

3 " 
4 .W.l Sec.13, 
4 N.R. t Sec.14, 

I Warren Upham, N. end ble: dam, 
1 Hlllman brook ....... 

I Send biJ dam, HUl-
l mnn brook ........ . 
{ N end lower Roll dam, 

Hillman brook •.•• _ 

S 1 m E of Rich Prairie, 
l .Ii: lide Sknnk R.. .. 

1 m. W. ofPlaUR .... 

M m. S. of Fish Lake 

Buckman twp ...... . 

W.br.ofRumR ... .. 
j W. br. Rum R J4 m.N. 
1 W. from I •• ' ....... 
{ Stony Brook dam, W. 

br.Rnm R ........ . 
W. br. Rum River ... . 

j W. br.Rum R.,25 rods 
1 W. of Roll dam .... . 

N. of the trap dyke .. . 

S: '~f' the t~~p 'dYk~:: : : 
Clement Teller'. land 

Use~ tD Bisma~~k b'ge 

{ C~~~~~~ .. ~~~~.~~~I .. ~ 
25r'.S Gilmanton road 

I Quarry of Collins, 
1 Mitchell & Searle ... 
\ From the deeper parts 

') of quarry of ColIins, 
[ Mitchel! &; Searle .. . 

Wm.Kont's ........ .. 
E. n. Learned estate 

{ Cuts No. 4472, .2. D. 
Learned estate .... . 

R. W. Leyerly ..... .. 
Joseph Moody .......• 
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Specimens Registfred in Museum in 1881-Continued. 

j 
a 
" z 

~ When. 

OBTAI ... n. 

NAME. 

Whence. 

··-'---'1------

4476ISept.,1881IGeol. Survey ...... ICosrse, red syenite ........... , ............... .. 

4477 

4478 
4!79 
4480 
4481 
4482 
44sa 
4484 
4485 
4486 
4497 
4488 
4489 

4490 

4491 
«gil 
«ga 
4494 
4496 

4496 
«97 
44V8 

4499, 

~OO " 

...... ,Fine, gray syenite ............................ . 

(ham mered face) ..... , ..... . 

::::: :1~~~Ph~~it\~~ .. ~~~r~~~.g;~;; ~y~'n'ii~::::: :::: :::::: 
.. .... Gray .yemte ................................. .. 
...... Gray.yenite. (reddish) ....................... .. 
...... Coar~e, red syenite ............................ . 
...... Gray 'yenite ................................. .. 
..... 'jRelldiShogray ,tline syenite ..................... . 

II II 

:: ~ ~. ~ I~:~:~i:~:'~:!:;:::::: :':':':':':'.:'.:':':':':':':::::::': ~.: 
...... Dark dioryte, (6 reet beluw·surf"ce) ........... .. 

· . . . .. Coarse, Pink sYenite, ......................... . 
...... Fine, pink syenite ............................. . 
...... Fine, pink syenite, including mass of mica schist 
...... Red syenite ................................. .. 
...... Dark diory!e, (N. W. from last) .............. .. 
...... Dark dioryte .................................. . 
...... Pink syenite 1 (containin~ It \(r""n mineral) .... . 
· ., .. Greenish syenite 7 ............................. . 

· . . .. Green Breni te '1 ••••.•••.•••.••••.•••••••• './ •••• 

, ... ~ .. Coari!e~ r~h1el?:pathic, white 8yenit~.~ ...... l' •••• 

m 

" .~ 
'" '" 00 
.... 
o 
o z 

Locality. Formation. Collector and Remarks. 

IN. E., Sec 14, Sauk RaPids'I .......... 'Iwarren Upham, JosephMoody ...... . 
l. Benton Co .......... : ...... "{ Qnarry or Breen & 

212 m. S. E. ofSt. Cloud brIdge.... ............ young ............ . .. 1 \' \ \ .....•.•... 
6 
4 
4 
4 
2 
4 
4 
4 
4 
3 

~OroJs S. of Sauk RaPid.bridge\ .......... .. 
1 m. S. of st. Cloud o,·idge .................. . 
~. W. Ltlec. 20, St.. floud ................. .. 

N. E. t Sec. 28 
N. W. t Sec. 28, 
N. E. ~ .sec 29, :·:::::1:::::::::::: 
~ec. 7,N E.!,Le Sauk,Stearns COl .•••...•.•.. 

Melro!;e, Stearns Co ........... . 

4 IW. silleMelrose, Stearns C·o ..... 
1 
1 
1 
1 
2' 

8 

Sauk Center. Stearns Co ........ 

Sec. 11 & 18, Ashley, stearns Co, ........... . 

W. side ofMis8 River. 

Nicholas Scheuer .... . 
Matthias Leine ...... . 
Jacob Streitz .... , .. . 
Louis Hohmann ..... . 
Fred Hartman ...... . 

" . .................... . 
I Ed Clark's mill i. 
~ fonnded on this .... 

~ W weN: .. ~.~~~~e~~~:~ 
t mS.i:.~:p't,' sideRy 

IFrom a well at Bar-
l Dum's Block ...... . 

\ C'';';i~ins ~'';':e . of' the 
~ green mineral ..... . 
S Con to ins mnch of the 
~ green mineral ..•... 
~ Coniains some of the 
l ~een miJleJ'slt t •• , 1 

I-' 
0:, 
00 

>-l 
t;j 

Z 
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4601 Sept .• 1881 Geol. Survey ...... Gray syenite ..................•................ 1 9 
4602 " " ...... Gray syenite, showing green veins ............ ~. 2 
4503 :: :: ...... G~'ay syenite .. ':, ................. '. .... ...• .... 4 
4604 " .... MlCaceous syem.e...... .. ...................... 4 
4505 ,. " ..•••. Dark traprock ................................. , 4 

N. E. t Sec. 15. 131.33. Todd eo] ........... ]warren Upham ..................... . 
\ ~ ~ , , ~ 

N.E. iSec. 28.134. 32.Ca .. Co. :::::::::::: " 5·';';.'N:w:i;';';';iioi.iey 
~ ~ I ~ , ~ , , 

4506 " " ...... Gray. hard slaty quartzyte.................... 2 S 1 m. N. of Moose L. Station ............ . 
( Carleton Co .............. .. 

4507 

450B 

4509 

4510 
4511 

4512 
4513 
4514 
4515 
4616 

4517 

4518 

4519 
4520 
4521 

4522 
4523 
4524 
4525 

4526 
4527 
4!Ji18 
45W 

4530 
4531 
4532 
4533 
453~1 ~, 
4530 10ct .• 1881 
4536

1 
" 

45017 
4538 a 
4538 h 
45S91 

· ..... Hydro-mica schist ........................... . 7 ~ ~ ~a~e~'o~ C~~.o.s~. ~.~~~ .s.t.~.: ........... . 
.. .... Traprock In schist ............................ . 2 S:l m. W.ofMooseLakeStation • 

( Carleton Co .......................... .. 
.. .... White quartz in Hidro-mioa schist ............ . 

..... Hardened gray quartzyte. 'emi-crystalline .... . 

...... White quartz in yein 1 ft wide ................. , 

21 S! m. S. S. W. Moose Lake Sta ............ . 
~ tlOIl, Carleton Co .......... . 

1 Little Falls. Morrison Co .................. . 
1 " H 

...... \Fine-grnined. stallrolitie mica slate ............ 1 10 
" .... Mia. slate. (,hows sedimentation) ............ . 
" .... Gl'anetiferOll8 fhsile, mica slate ............... . 
...... Mica schist. (fine) ............................ .. 

1 
3 
4 
1 Dioryte. (coarse) .............................. . 

Gray, fine, semi-crystaliine, slaty rock ..... '" . 

~~ine, nlie;). slate ............................... . 
White quartz. (in ~Iate) ....................... . 

· ..... ,Micaceous dark dioryte ....................... . 

Porphyritic, micaceous,' i;01'~bi~~d~' 'r;ck:::::: 
.... "IMicaceous dioryte. (tine) ............ . 

· "" Mi.a s~~ist. (with st,a,urohte) ........ .. 

I 
Dark compact, (chrysolite bearing 1) rock ..... 

Staurolitic mica schist, (coarse) ......... . 

... ,:. ~~[jr~,~~C~;~~\epy'l:liife'r~t~s ~~'c'k; (OiOl:yte .?):. 

.. "IMica schist. (finely garnetiferous 1) ........... .. 

.... Rottln,~ nmydalOld~~llrap .. , ................... . 

...... Coarse 'pal'. (carb hme) ..................... .. 

... ' . 'Icopper strained roc~ ........... , ........... " .. 

...... Laminated pearl spar, (carb lime) ............. . 

., .... Siliceous nodule. (parti colored) ......... , ..... . 

" I J N. E. t Sec. 7. '1'. 130.30, Mol'. 
v I risollCo ................... 1 •••••••••••• 

~ IIN:~ ~I.l: ::~:~.O:.~i;r:::o:~I:::::::'::::1 
~ rison Co .......................... '" 

21 " H . . 

1 
2 
2 

5 Pike Rapids, Morrison Co ..... . 
2 N. E. t 32.'1'.I28.~9.Morrison Co. 
4 S. E. t ~2, T. 128 29. " 
6 Sec's 17", IS. Bellevue 
6 S.E. t Sec.4.T.I28,30. 
2 Sec. ~t, T. 1;33,32. TOI]d Co. 

1 Sec. 3t. '1' .133. 32, 
2 !::iec. 22, T. 411 20, Pine Co .... 
3 H 1.. 

Cupr~f~rou~ 

2 S. part Sec.32. T. 40, 19, Pine co.\. 
2 .. " 

12 1. 1.: 

1 N. W. t Sec. 4, T. 39. 19.PineCo. 

Cutting the last ...... 
S Much jointed into 
~ rhombic masses .... 

4 rds N. LfE.end ferry 
6 " 

{ .E. shore. at falls dip, 
150 N. W ........ . 

" 

At ·~ih~ ·p~i~t;;.:: :::: 
S Finely micaceous but 
l. not slaty ......... .. 
<; Fine1y micaceous, 
l. (pyritiferous) ..... 
Shows sedimentation. 

W .of Little Falls ..... 

(light) 
" (Ii~hter) 
" {lightest) 

W. of Little Fall" .... 
5 Contains a decaying 
i green mineral. ..... 

Land of C. Gilpatrick. 
Allen Blanchard ..... . 

5 E. shore Miss. R.. (I. 
l. P. Lambert ...... .. 

At Ledoux bridge .. . 
Mouth Fi'ih trap ~r'k. 

<; ~ m. above mouth of 
l. Fish trap brook .... 

Month Fisll1rap br'k. 
Northern outcrop .. .. 
Southern 'outcrop ... . 
At E bow of Kettle R. 

OJ 

~ 
~ 
c+l 
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o 
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Q .... 
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Specimens Registered in Museum in 1881-Continued. 
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OBTAI •• D. 

NAME. 

When. I Whence. 

--'~I-------

4546/oct., 18811Geol. Snrvey .... "IMelaPhyr .................................... .. 
4541 " " .... .. l.t~ine, trap.rock.............. .... . ........... . 
4642"" " 

4543 

454~1 
454~ 
4646 
4647 
4548 
4649 
4660 

4661/ 
466~ 

4553 
4654 
41155 
(656 

4657 

4558 
4659 
4000 

4561 

46!i2 • 

" 
I" 

...... Core of diamond drill, (trap) ................. .. 

...... From 50 ft. vein, (said to bear copper) ......... . 

...... Calc spar in trap.rock ....................... .. 

...... Gr<enish trap, with calc spar ................. .. 

...... Green amyd"gloidal trap, (has Thalite) ....... . 
" " " 

: : : : :: Trap.rock, with sPar crystals ........... : : : : : : : 
...... Calcite crystals .............................. .. 
...... Red conglomerate, (3d belt) .................. .. 
.. .... Pinkish salld8~one ............................ .. 
. .. .. Coarse, pinkish sandstone ..................... . 
...... Coarse gritstone .............................. .. 
...... White sandstone ............................. .. 
...... ArgiIIaceous, red sandstone.... . .... .. ....... .. 
...... White sandstone ............................ .. 

...... Red sandstone, (with pebbles) ............... .. 
(with coarse pebbles) .......•.•. 
(with dark and light spots) ... .. 

...... ,Calcareous, concretionary shale, (gray) ....... . 

.. .. .. \Ferruginons, concretionary shale, (spongy). .. . 
•••••• ." n "(compact) ... 

u. 
= S 
.~ 
0-
00 .... 
o 

~ 

Locality. 

~----

Formation. Collector and Remarks. 

N. W. t Sec. 4, T. 39, 19, Pine Co. Cupriferolls Warl'en Upham, W .• ide of KettleR .. 
8ec. 17, 'f. 39, 19, Pine Co......." " S. end of Big Island .. 

2 ! ~. W. ~ 8ec. 29, 39, 19, Pine Co W. shore St. OroixR .. 
5S. W. !i,N.W. ~8ec.25, 39, 5Chengwatona Mining 

1 

1 
4 

~ 21, ~i,ne Co ........ ,.,........ ~ Co .... ,. t . ......... . 

3 
2 
2 
2 
2 

21: m. E of Chengwatona ........ 
2 S. part Sec, 34, T. 43, 20,Pine Col St. Croix. 
3 Is. part Sec. 15, T.42, 20, 

t m . S. of mouth Grindstone R .. 

i. E. t s~~. 30, 39, 19, ~~Is.) .... \ 

2 IN .E. M: Sec.36, T .39, 20,Pine Co " 

4 

3 
1 

5 N. part Sec. 23, T. 42, ~,Ken· Potsdam. 
l abec,~o ........... ~ ~ .. ·· .. ··1 " 

4 [l'WO Rivers, Morrison Co ....... /cretaceous. 

1 " ........." I 
1 ". " ....... " 

Eugene L. Wilcox .... 
5 Strike N. 15°, E. dip 
~ 7(p,e.750,E ao rt thik 
Ravine W. of Kettle R • 

5 Brink of Lower Falls, 
l Ket.tIe R .......... .. 

W. side of Kettle R .. . 
5E. of ;nost "onth'n or 
~ ·'Thou~~ndIslalld8.' 

SUsed for court house 
l fonnd'n,Grantsburg 

E. bank of Snake R ... 

~W. shore Miss. R, 25 
rods N. of mouth of 
m~~ two ri'Y'?"s .... 

I-' 

c1 

t;a 
'Z 
~ 

i 
II> 
t" 

ttl 
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~ 



4664/0ct.,,1881/Geol. Survey ..•... /LlgnitiC clay •........ " .....•.................. 4 ITwo RIvers, Morrison Co ...... . 
4565 · .... "' Lignite lumps in ligBitic c:lay ....•...•.•....• , .. 

~669 ...... ,Cone~in-eoD.e ........................ _ ......... . 2 

4670 Block of bluish clay ....... " .................. . 4 m. E. of Luverne ............ . 

4571 

4572 
4573 

P,.bbles of limestone and shale ................. , 10 
Soil, (thought to be saliue) .......... " ...... .. N.W.t 8ec.29, 159.48,Kittson Co. 

...... Coal, (contained In sand 141-157 ft below surface. ~N;:~n~~~~: .:~'. ~:~:. :~:. ~~~~ 

~s. E. side main two 
cretaceous,!war'n Upham l'ivel's.1-10 m. above 

mouth_ ........... . 
" " ,. ''"' 

Drift. 

~ 40 rodA S. E. of month 
of mai'n two rivers, 
on W .shore Miss. R. 1 From depth of 356 ft. 
in Rock Co. Farm-
ing Co's well ...... . 

I "rom Rock Co. Farm-
1 ing Co's welL ...... . ..................... 
~·rom Lockhart farm. 

4674 

4.675 

4576 
i677 
4578 

...... Dark concretionary mass from t he soil.. ... " .. Sec. 26, 41, 31, Morrison Co ..... IDrift ...... . ~Fonnd in plowing by 
J. W. Tanner •.•...• 

4679 

4580 

4581 

4582 

4583 
4584 
4685 
4586 

4687 

4588 

4689 

4590 

4591 
4692 

=[ 4597 
45118 

...... Gray till, above the blue till .................. .. 

...... Blne till. .. . .. . . .. .. .. .. .. .. . ... .. ............ . 
· ..... Gray till......... . .......................... .. 
...... Red till, (underlying No. 4577) ................ .. 

1 Isec. 8, T. 127, 29, 
1 Sec. 8, T .127, 29, .... . 
1 st. Francis bridge, Anoka Co .. . 
1 " " " 

...... Red till ...................................... . Sec. 16, T. 121,24, Wright Co .. . 

...... ,Porphyritic hornblende schist ................ .. 2 ISee. 1~, T. UO, 46, Olay Co ..... . 

...... ,Perforated, water-worn boulder ............... . Sec. 7, 129, 29, Morrison Co ..... . 

...... Perched rock, standing on No. 4450 ........... .. Sec. 7, T. 41, 3~, 

...... From a boulder of syenite, (like Watab) ....... . 

...... Pebble of conglomerate .......................... . 

.. . .. Pebble of red conglomerate .................... . 

...... Compact mottled limestone ................ " .. 

1 Isec. 23, T. 42, 23, Kenabec Co .. . 
1 Mont of Snake Riyer ........ .. 
1 Sec. 6, T. 38,19, Pille /]0 ....... . 

1 Sec. 1, Springvale, Isanti .Co .. .. 

...... Garnetiferous mica schist .......... " ......... . Sec. 7, Palmer, Sherburne Co .. . 

...... ,Banded, red, jasper pebble .................... . 1 /sec.23, SankRapids .......... .. 

i Nb:~~~~~:.~~'.~:.~:'.~::~~~~: 
45 1 { N. W. .hore of Mille Lacs, 

Crow Wing Co ............ . 
.... .. Hollowed pebble, (rounded ........ .•.... 1 " " .. 
...... Beach pebbles, (some limestone) ................ 40 N.E. sideL. Alexltnder,Mor.Co . 

..... Pebbles from top of Hole in the Day's Bluff..... 20 IN. W. ~ Sec. 36, T. 41, 3~, .. 

...... Pebbles, (considerable limestone).......... ... 10 ~~c. 5, 127, 29, Mor Co ....... , .. 

...... Concretionary nodule from the Cretaceous. .. .. 8 SIsseton Agency, Dak ........ .. 
· ... .. Coarse granite, with tourmaline. . . . . . . . .. . . . . . . 1 H H •••••••• •• 

...... ,Pebbles, (crystalline rocks) .................... 1 10 

...... ,Beach pebbles c, 

• {Yonng Bro's mill, 
main two rivers .... ., " 

E. bank ofRnm River. 
" " 

I Well of David Bagley, 
1 4.m. E. Monticello. 
{ From a boulder 15 I't 

x 12ft. x5 ft ....... r' m. N. W. of Little 

!:N~.~.·~:~a~:~~~~~s 
{standing on 3 points, 

(8 ft. in diam.) .... 
Oll Snake River ....... 

" c;;l;i~i,;S ~~d';j,~i;':::: 
{FOUDel in slabs 10-20 

reet long ...... " .... 

{Frx"20 ft ~.o.~ .~~ .~~~? 
{With other pieces, 

1 ft. long .......... 
From Fish Lake dam. 

Characteristic of shore 

.... " '1 cI;~;.icie;·istic '~i ~h~;';' 
" 11~ m. N. E. Litt'c 

.' ... "\ 1 Falls, no limestone. 

....... " It m. N. Two Rivere. .. 

.. ..... Thomas M. Young, 1~ m.E of schooL 

.......' " On Cotean de praPe .. 

00 
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Specimens Re,qistered in the Museum in 1881-Continued. 
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OBTAINED. 

NAME. 

Wheu. I Whence. 

459g10ct. 1881IGeo). Survey ..... ·IAnnular section of concretion in pebble ....... . 

4600 

4681 
4602 

.. ... 'IFine, yellow clay, (for brick) .............. .. 

...... iDark clay: (laminated lind line) .............. . 

.. .... Irony, cyhndrlcnl concretIOns . .............. . 

46()t ...... Limy, flat c' ·ncretions ......................... . 
4604 ...... IFragment of la"ge bone ...................... .. 

i~~ ::::: :IRed 
brick:::.':::::::::: .. :::.'::::::::::::::: .:::: 

4608 ...... Cream brick ............................... .. 

::~~ :::::: I~:~ :~~~~~~::::::::: '.::: .. : ......... .. 
I 

4611 ...... Red ................................. .. 
461 ...... Cream ................................ .. 
4613 ...... 1 .................................. . 

46'14 ...... Red ................................. .. 
4611> ..... , Cream ................................. .. 
461& '" ... Well (cream .......................... .. 
4617 ...... Cream .................................. . 
8618 ................................. .. 

. 4619 ...... Pink .................................. . 
4.621 Aug 1 1881 • ~, ...... Ma.gnesian limestone ..... "~""""""""" 
46ilS, , 1880 Exchange ......... 8 ••• olite, lamelated It vitreous, (original No. l'l 
462g " " ......... Ahml)gen.yel'w & conretionary .. ( H No.2. 
4630 , .... .... Anhydl'ite, violet, lamellMed .... (" No.3. 
4631 . .... .... Cerargyrite,on ferruginous barite( uNo. 4. 
4632 , ........ Aragonite prif!matic, ............ ( No.5. 

,; 

" " S 
';J 

'" "en .... 
o 
.,; 
Z 

2 

2 

2 

1 

Locality. Formation. 

8 m. W. Sisseton Agency, Dak.IDrift ...... . 

Sec. 26, 'r. 127,34, Todd Co ... 

2 m. S. Rugh City, Chisago Co. 
Sec. 8, T. 133, 32, Todd Co.... . 
S.W tSec.S T.l:lil.~5,ToddCo. 
Sec. 3~! T. 131, 31, To~d Co ..... 

Coliector and Remarks. 

iwar)'e~e U;r~~~~I. ~~l.n~~~~. ~~. ?~~~~~ 
5KshoreBigSauk L.3m. N. 
~ E.,~fSauk 9,enter ... ',~""" 

5Frolll Pangburn &. Moore,s 
~ brick clay . ................ . 

'" ~, " 
S 10 feet below surface in Pang
{ burn & Moore,s brick clay. 

Near R. R .,Spooner & Hayden. 
H.B.Morrison, Dm.W.Motley. 
Mnrray&Alien,Y m. S.Wadena 
G G.!:owe, 1!~. S.E.C!~risBa. 

" JPangburnkMoore3m N.of 
Sec. 26, T. 127,34 ............ 1 Sank Center .............. .. 
SfC. 22, St. Cloud, Stearns Co.. ............ GreTen & Lommel. ......... . 
Sec. 26, ., " .. ............ Wm. Kruegel ............... . 

" .. ............ Frederick Kuhne ......... " .. 
Sec. 13, Otsego, Wright Co..... ............ Iuger.oll Bros .............. .. 
Sec. 20, Grow, Anoka Co....... .... ........ KelseyBros.,3m.I'\.E.Anoka. 

" " H U U 

Crookston, Polk Co ............ ::::::::.'::: Norris & McDonald ........ .. 
" " , ... ,... .... ............ \". A. Nereross ............ . 

Brecldnridge, Wilkin Co........ .... ........ Jos. Hall, E. bank Hed R ... .. 
Dresbach ....................... St. Law'nce N. H. Winchell. ................... .. 
Tuscany. ....... . ... . .. . .... ........ . .. In a bott1e ............... 1 •••••••••••• 

Ariege"rranc~. . . ....................... ......• 0 •••••••••••••••••••••••••••••• 

hill. ......... .' : " : : '. : : ~ : : : : .. : :: :::::::::::: with 'g;~y' ~oi;p~; ;;~(1' hiie~~tii~: :: : : 
IS,ragos.a, Spain ........... " .............. CrrstalUzed with red quarlz ......... . 

f-J. 

i2 

>'l 
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~ 
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4633 
4634 
4636 
4636 

4637 
4638 
4639 

4640 

4641 
4642 
4643 

4644 
4645 
4646 
4647 
4668 
4676 
4677 

4678 

4679 
4680 
4681 
4682 
4683 

4684 

4685 

4690 

1B80 

18S1 

1877 
1881 
1878 
1881 

1880 

1881 

1880 
1881 

Exchange ........ r Bismuth, native, Iamellnted, .. . ( 
· ........ :smalttie ..................... ( 

... Apatite, white ................. ( 

... Gypsum in 2 crystalline sheets, ( 
.. Calcite qua .. tziferous .......... ( 

......... Freieslebenite, gray ............ ( 
· ........ Noumeaite, (hytl. Sil. Nickel) ( 
· ........ Rhodonite ...................... ( 

No.6.) 
No.7.) 
No.8.) 
No.9.) 
No. 12) 
No. 15.) 
No. 17.) 
No 18.) 

Saxony. . . . . . . . .. .. ... ........ . . . . . . . . . .. f Witrh arbsetutical cobalt an] arsenate 
lOCO It. •••••••••••••••••••••• - •• 

Sweden ................................ Fragment of split crystal. ......... .. 
Ariege. . . . . . . . . . . . . . .. . . . . . . . . .. ............ J COanmcretihonouarsy, also brownish and 1 orp .............. - , ...... . 
Montmartre.. .. ... . ........... ............ Reflecting from an incrnstation afiron. 

. I Sha! ply rhombohedral, clystals of 
Fontalllbleau ............................ 1 Fontainbleau 

............ AmorphOUS. on g~~i~s.'::.::·.::::::::: 
. .... , .. . .. In a network of concretjonary quartz. 

.... .. .... .. ......... J With bla~k sulphate of mangauese 

Hiendelaencina .... .......... . 
Noumeu, New Caleclona .. . 
Spain ....... 

· ........ Sulphur and cele5tite ........... ( 
..... .... Bornlte, massive ............ . ( 

No 19')1 2 
No. 20.) 1 

I I and quartz ..................... .. 
.,icily ... . .. .... ., ...... , .. / ............ Prismatic ~elestite, (on a bluish marl). 
Chili. .... .. .. .. .. . .. . ....... . .......... Massn'e, variegated copper ........ . 

I H · j Presented by D. A. Locke, (Bengal 
Presented ......... 1 Gold in quartz. 

By Exchange ..... ISPodumene ........................... , " .... . 
~ ~ .... .. DamOlll'ite, (sterling). .. .. .. ., ............... . 

Presented ........ 'ISlabS with Lingula Melei and D"cina NewberrYI 
Geol. Survey ...... Pebbles of red quartzyte In the quartzyte ...... 

., ...... Mass of Selenite cI·ystals, ...... (origmal No. 21.) 
.... .. Calcareoub geode ........... ................... . 

El<change ......... FreleBlehemte ..... :................... . .... .. 
Geol. Survey ...... Ripple marked slab of red quartzyte •......... 

. .. Building stone hlock 1 foot square .. , ., ....... . 
H. S Peters ........ Quartz crystals, twmning and oYerlying ....... . 
Presented ......... Graphite .................................... .. 

......... Corundum, (Emery)........................ .. 

......... Gra.nIte ................... ................ . 
Geol. Survey ...... Drilhng from deep well, Minneapolrs in gllBS tube, .. 

" ! ...... 1 in a glass tube at Emmettsbm'gJ Iowa ...... . 
J. B Clongh ....... Elephant's tooth, (15 inches long).~ ......... . 

Back Ills................. ............ 1 TIger Mine 

1 ISterlin,~, Mass::::.::::: :.::::::: '::::::::.::. :::::::::: '.::::::: :::::::::::::::::::: 
31Berea, 0 ' ...................... Cuy. Shale. C. W. Hall ........................ .. 
1 PIpestone quarry .............. Pot.dam ... N. H. Wmchell .................. .. 
1 Lit.l'tllss011l'll'autonment ...... TeI'1....... II flomDr. Miller ...... . 
1 DakotaTerrrtory ............ Cretaceous C. A. Morey ........................ . 
1 Spam ......................... I ............ WIth barIle, dru,y qua,'!z and .iderite. 

I I Warren Upham, presented by C. H. 
PIpestone quarry .............. ,Pot,dam... I Bennett ....................... .. 
stone City. Jones Co., Iowa .... Il\liagara .... IN. H. i,Vincbell, J. A.Green's quarry. 
HerkImer, Herkimer Co., N.y.' ........... Presented by H. S. Peters ........... . 

~1~a~Ju~~sc·t·.·.· ......... :::: :::::: ::::: :::: :::: I:::: :::: :::: :::::::::::::::::::::: :::: 
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MrnnenpolIs.... ... . .... ....... ............ (C E \Vhelple ) I I" y .............. .. 

Emmetsburg, Iow~ ..... . .............. iWell is 869 ft., (pres. hy WE. Swan) 
Ne"r the Rosebud RIver, Mon. I ........... 'Presented oY J. B. Clough .......... .. 
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ARCHlEOLOGICAL ADDITIONS TO THE MUSEUM IN 1881. 

58. Hair of a native of the New Hebrides. Two braids. 
59. Two chalceclony arrow points, from near Young Men's Butte. 

Dakota. Presented by D. P. Jones. 
60. One chalcedony spear point, from near Young Men's Butte. 

Dakota. Presented by D. P. Jones. 
61. Two chert arrow points, from near Young Men's Butte. Da

kota. Presented by D. P. Jones. 
62. One iron arrow-point, from near Young Men's Butte. Dakota. 

Presented by D. P. Jones. 
63. Small stone hammer, withed. From Michigan. Presented by 

N. H. Winchell. 
64. One Indian stirrup, ornamented with white beads: Presented· 

by Col. J .. B. Clough. _ 
65. One stone slab, 18 inches in length, apparently used for rubbing 

and tanning skins. From Dakota. Presented by Col. J. B. Clough. 
66. One hickory bow and rawhide case, with rawhide quiver· con

taining seven arrows, five of them with iron points. - From Miles City, 
Montana. Presentecl by Col. J. B. Clough. 

67. An Indian weapon--a quartz pebble surrounded by a rawhide 
withe which is extended into a handle about three feet long, terminat
ing with a loop for the wrist, ancl stiffened by a flexible stick. From 
Miles City, Montana. Presented by Col. J. B. Clough. 

68. Small. perfect arrow-point of quartzose, oolitic, or concretion
ary chert. Found on the University campus by Mr. Fisher,_ and by 
him presented to the University Museum. 

69. S~one ax, withecl, of clark dioryte, found near Albert Lea. Pre· 
sented by Rev. L. J. Hange. 

70. Pangue knife, from the Ogove river, Africa, said to be made of 
"native iron," enclosed in a snake-skin sheath. Presented by Rev. 
G. C. Campbell. 

71. Loom and three yards of cloth, made from bast fiber, by the 
Ivilli, of the Ogove river, Africa. Presented by Thos. Sinclair, trader 
on the Ogove river, through Rev. G. C. Campbe:tl. 

72. Native dress, worn by the Ivilli, and others up the Ogove river, 
Africa. Presented by Thos. Sinclair, tracler, through Rev. G. C. 
Campbell. 

73. Prehistoric Maize, from the old cemetery near Madisonville, 
Hamilton county, Ohio. Presented by N. H. Winchell. 
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VI. 

GEOLOGICAL NOTES ON :\1INNESOTA. 

BY MR. J. H. KLOOS. 

[Translated by N. H.,Winchell.] 

[NOTE.-These notes were made by Mr. Kloos when serving as Lr.nd Agent of the St. Paul & Pacific 
R: R. and w~re published III the Zeit8c"~(rt 1· De,,:t.chen Geologi8chen Gesell.eha/t. p. 417. They fur
DIsh the basIs for the subRequent lOvestlgatlOns of l;treng and Kloos 9n the crystalline rocks of Minne_ 
sota, and contfl,in original observations on the stratigraphical relations of the formations, which difter 
from those of hi_ predecessors, particularly ou the trap and sandstone at Taylor's Falls. They furnish 
an important hi.toricalliuk between the surveys OJ Owen, Whittlesey and }<;ames, and the beginning of 
the present survey.] -

Since the publication of the geological survey carried on under the 
direction of the American geologist, David Dale Owen, little that is 
noteworthy has appeared on the geology of Minnesota. 

Owen with his assistants, Norwood, Shumard, Whittlesey and eight 
others, explored the'States of Wisconsin, Iowa and Minnesota from 
1847 to 1850. In his report to the government of the United States he 
gives a careful description of the country in respect to its geography 
and geology, its fauna and flora, as well as its agricultural resources. 
The 638 pages of his heavy quarto volume contain a vast amount of 
valuable and exact observations, especially upon the northern part of 
the district examined, in which even yet exploration is attended usu
ally with great difficulties. A fault of the work is its petty simplicity. 
The detailed descriptions of many river-valleys, in respect to topo
graphy and climatology, render difficult the attainment of a general 
view of the geology. The description of the crystalline rocks of Min
nesota, which in many respects possess a high importance, is faulty. 
Also the palreontological subjects are not thoroughly treated, and the 
illustrations of new spec:es published by Owen possess little merit ... 

In the year 1866t appeared a little pamphlet on Minnesota by Charles 
Whittlesey, formerly an assistant of Owen .. It is confined almost en-

"Report of a GeologIcal Survey of WisconSin, Iowa and Minnesota, by an thority of Congress, by David 
Dale Owen, Philadelphia, 1852. 

tA report of explorations in the mIneral regions of Minnesota during the years of 1849, 1859 and 1864, 
Cleveland, 186&. 
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tirely to the shores of Lake Superior, and describes the conditions and 
appearance in situ of copper and other metals. 

The examinations by the State Geologist, Henry H. Eames, pertain 
exclusively to those parts of Minnesota in which copper, iron and 
small quantities of gold are found. In his report for 1866 he confines 
himself to the description of the occurrence of the useful n1.etals and 
their ores."" 

An important paper on the geognosy of southwestern Minnesota was 
published by Prof. James Hall in the year 1866. His design was to 
examine the outcrop of coal on the Cottonwood river, one of the im
portant tributaries of the St. Peter or Minnesota river. Owen with 
his assistants had been only to the mouth of the Cottonwood. Hall 
penetrated as far as the celebuted locality where the Indians obtained 
the "Pipestone" for their pipes. t He shows that the coal outcropping 
there belongs to a younger formation-viz.: the Cretaceous-and as
sumes the former extension of the Cretaceous as well as the older Meso
zoic strata, over that part of Minnesota. At the same time he offers 
some valuable observations upon the crystalline and metamorphic 
rocks which appear along the Minnesota river above the mouth of the 
Cottonwood.t 

In the following I have sought to gather together in a comprehen
sive survey my various notes on different part~ of Minnesota; and 
where it has been nece,;sary to a comprehension of the description, and 
I was not able personally to make examinations, I have filled them 
out from earlier observations of others. By means of the map I have 
aimed rather to aid the reader than to present an exhibition of the 
geological conditions. The points of observation are in the river val
leys, separated by wide tracts covered by drift, and we are not at this 
time in condition to announce with any certainity the boundaries of 
the formations. I have gathered much mat.erial which is designed for 
a more careful investigation at some later time, and if time and op
portunity are afforded Ilfe I aim to treat the separate subjects more 
thoroughly, which now can only be mentioned briefly. 

The State of Minnesota in the geographical center of the continent 

""Report of the State Geologist, Henry H. Eames, on the metalhferous region bvrdering on Lake Suo 
perior. St. Paul, 1866. 

jMr. Kloos has faUen into an error in re.pect to both Owen and Hall. Owen'. assistant, Shumard, as. 
cended the Minnesota valley as far as the mouth of the Redwood river, instead of the mouth ofthe Cot. 
tonwood; while Hall only went as far west as Lake Shetek, instead of to the Pipestone quarry. (N. 
H. W.) 

iNoles upon the Geology of some portions of Minnesota, from st. Paul to the western part of the 
State. By James Hall, Trans. Am. Phil. Soc. vol. XIII, p. 329. 
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of North America, lies between 43-1- and 49 degrees of north latitude, 
find between ~9-t and 97 degrees of west longitude. This member of 
the American' Union is bounded on the south by Iowa, on the east by 

, Wisconsin, north by' the Winnipeg district. of British America, and 
westerly by the territory of Dakota. The area of the fltate embraces 
'84,000 English square miles." A wide wedge, jutting toward the east, 
extends between Lake Superior and the Rainy lake river which with a 
succession of small fresh-water lakes forms the boundary line along 
British America. Therefore Minnesob has a coast line of 160 miles, 
and a position extremely favorable for tvade with the eastern States. 

To the geographer, therefore, Minnesota possesses a great intrest, in
asmuch as within its bo'rders are found the spring-sources of the great 
rivers of the Ameri~an continent. It lies to the north, in the least 
accessible portion of the United StateR. Upon the aceompanying map 

_ of Minne:sota can be seen two slllalllakes, distant but a few miles from 
each other, known as Itasca and Elbow lakes. In lake Itasca the Miss
issippi river has its source, and in Elbow lake the Red river of the 
North. The former flows, as is known, in a "ontherly direcbon to the 
Gulf of Mexico; the other turns with a sharp angle toward the north, 
unites in t,he great lake Winnipeg with the waters of the Saskatche
wan coming from the Rocky Mountains, and empties with them 
through the Nelson river into Hudson's Bay. Lastly, the St. Louis 
and the Rainy lake rivers form the beginning of the exten"ive fresh-

- water system which comprises the chain of great lakes, and empties its 
waters in the Atlant,ic through the St. Lawrence. t 

In Minnesota the banks of the Mississippi and its tributaries, to_ 
gether with the rocky shores of lake Superior, with its many short 
water courses, and the small lakes in the extreme northern part of the 
state, afford the only information concerning the age and composition 
of the earth's crust. As soon as one leaves the river valleys, he finds 
the older formations covered with heavy rolling hills of sand or clay 
without organic remains. These Inter deposits, which form a covering 
unbroken, except by the river valleys, are a part of the" Drift Forma
tion," of North America. Over an extensive part of this territory it 
is spread out over the oldest crystalline rocks and on the sedimentary 
formations, and it extends south to the fortieth degree of north lati
tude. Even of the drift, in many parts of the state, can an idea of the 

*'Vherever in this work miles are mentioned, the English Statute miles must be understood, of which 
4.61 make a geographic mile. 

tMr. Kloss here loosely rerers to the llerthern waters or the st.ate. In re.Jity the Rainy Lake river 
does not flow east into lake Snperior, but westwaru mto lake WlIlmpeg. [N. H. W.] 

12 
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composition and nature be ascertained only along the separate water
courses, because for days together one can travel without getting sight 
of a rock or of a hill. Either the grassy, boundless, prairies stretch 
out in all directions so- that the eye cannot discern any tree or shrub, 
or vast forests, with successive meadows and lakes, cover the country. 
In the northern part of the state are many impenetrable cedar swamps, 
and through there it is only possible -to pass in winter, when the 
swamps are frozen. 

The sand and clay deposits of the drift formation are so thick that 
the smaller water-falls, the brooks and the rivers which have little 
descent, afford no additions to the out-cropping rock. In southern Min
nesota are cuts along the railroads from fifty to a hundred feet deep in 
which the bluif~ show nothil1g but sand, loam and clay, without any. 
organic remainH. The drift forms sometimes a hilly, heavy deposit or 
extensive terrain, and sometimes a smooth horizontal surface as level 
as the sea. The depressions and valleys between the hills are generally 
filled with water, and thus are formed a numberless multitude of 
smaller and larger lakes. Their shores generaHy descend gradually, 
and show in the water-worn masses which gather there, the most varied 
kinds 'of crystalline rocks and metamorphic schists. Many swampy 
spots, both in the forest and on the prairie, are dried up lakes. By. 
further draining these make excellent pasture grounds. The low 
grounds filled with water in the surface of the drift, are t.he remains. 
of a singie extensive fresh-water lake. In many places can be seen the 
remains of this old lake deposit. They consist of clay and loam with 
the same fresh-water mussel and snail shells as live at the present. time 
in lakes and rivers. The southern shore of this lake lies probably not 
far from the Iowa boundary, where the highest ridges of the plateau 
are found. At Rochester and Mankato, points south of the Minnesota 
river, have been found trunks and branches of various kinds of trees, 
especially oak and cedar, in hills consisting of clay, twenty to fifty 
feet under the surface, and nine hundred and forty feet above the ocean 
level. These are all evident proof:., that these ridges have once been 
the swampy shores of an ancient fresh-water basin. 

The plains of Minnesota have a hight f~'om 800 to 1200 feet above ,. . 

the sea-level. The hill-ranges which run in various directions and 
form the water divides between the rivers and river-systems, reach in 
some places the hight of 1600 and 1700 feet. These are at the same 
time also the highest land of the country and actual mountain rano-es • , to 
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of rock do not exist. * ThE' passage from the low lands to the water 
sheds is for the most part imperceptible, and the undulations of the 
plains, with the exception of the shores of the great rivers, take 
place altogether gradually. The highest water-shed lies in the 
northern part of the state, and separates the waters which flow 
south through the Mississippi valley, from those which have a 
northerly direction toward Hudson's bay. It is composed, through 
its whole extent, of drift; also the other divides, and greater ele
vations of the surface,· consist of sand, lonm and clay, and it i~ 

in the lower grounds and river valleys that orie must seek for 
the older layers of the earth's crust. The shores of the Missis_ 
sippi, witll the range of bLffs lying nearest, consist of rocks 
which belong to the oldest portions of the Silurian formation. They 
are sandstones and dolomitic limestones which correspond to the Pots_ 
dam and Calciferous Sandstone, as well as the Trenton period, in the 
state of New York and in Canada. The layers are in all places nearly 
horizontal; but where the river has excavated the sandstone, and un
dermined the limestone beds, the latter are thrown down, and in many 
places over large areas, have apparently suffered an extensive denuda
tion. The fOrmations mentioned are in outcrop from the mouth of the 
Wisconsin river to the Falls of St. Anthony, over an extent of 210 
miles. At the Wisconsin river the higher layers of the Silurian (lis
appear, and there remain only the equivalents of the Potsdam and 
Calciferous sandrock, from there to St. Paul. The beds have at first 
a gentle southerly dip, which they maintain to Mountain Island, in the 
neighborhood of the city of Winona. Here is the highest part of a 
saddle-shaped elevation, aud from there the layers have a dip, though 
almost imperceptible, toward the north. The elevation and depression 
in the hight of the separate layers make it possible to establish these 
conditions most clearly, as has been set forth in several profiles by 
Owen in an admirable manner. I had the opportunity to examine 
some,what carefully the layers in the heighborhuod of this saddle. 
The first line of bluffs rises precipitously to the hight of five or six 
hundred feet above the floodplain, and shows the outcropillg of beds 
which after considerable interruption hare their continuance on the 
opposite shore. The lowest i" a sandrock, and over it are beds of dolo
mite. The former, which occupies the greater part of the rock-bluff, 
exhibits a different texture in different places. Some beds are coarse
grained, and approach a conglomerate, and others are very fiile-grained. 
It is in general loose and crumbling with lime-cement. The dolomite, 
--;;-;:;cording to publiohed elevations, the hlght of lake. Snperior Itt Its low stage. is. taken c.t 600 feet. 
The latest moa.uroments give an average hight of 605 feet) The Water-level vanes m dlifcl ent years, 
and changes even with the seasons. 
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which here may reach a thickness of ninety feet, is of a light color, 
vesicula.r-crystalline, and resembles the German Zechstein-dofomit. It 
incloses many calc-spar and flinty concretions, which often attain a 
considerable size. I could discover no distinct fossils. Only in one 
place did I find a fragment of a coiled cephalopod, which must have been 
of considerable size. Afterwards l'~found the same sandstone on the St. 
Croix river where some of the layers are very rich in bivalves, and I 
shall mention later their occurrence in describi,ng the same rock again 
in the neighborhood of Taylor's Falls. The sandstone Owen has 
named Lowe;' Silurian S((1zrl.~tone of the upper Mi.ssissippi, and the dolo
mite he distinguishes as the Lower Ma,qnesian limestone. The former 
answtlrs to the Potsdam Sandstone, and the latter to the Calciferous 
Sandstone, of New York. The characteristic fossils are trilobites, 
which for the most part belong to the genus TJikeZo('.ephaflts, also Linq1l
Za and Ol·bicnla. In Minnesota it is difficult to find any large frag
ments of trilobites in the crumhling sandstone.' Relying on observa
tions made' in Wisconsin, Owen distinguishes in this sandstone six 
trilobite-beds, which are separated from each other by other beds from 
ten to a hundred and fifty feet thick. In the magnesian limestone 
have been found up to this time only inconsiderable, and hardly recog
nizable, remains of fossils. They are a small Linqula, casts of the in
terio'r of shells which are related to Eitomphaliis and Ophileta, also 
fragments of trilobites like those in the sandstone. The geological 
horizon, therefore, of the lower dolomite must be determined at pres
ent from its position between the Potsdam Sandstone and layers of the 
Trenton formation. 

Before reaching the mouth of the St. Croix river above which both . 
hanks of the Mississippi belong to Minnesota, the lower sandst'one dis
appears, and the shores, which have a hight of 200 or 300 feet, consis 
entirely of dolomite, which exhibits most remarkable water-worn 
farms, and presents many changes in its outer contour. The bluffs 
frequently pass back from the water, and the banks become lower. 
At Red rock, six miles below St. Paul, ·the hills are half a mile back 
from the river, while the shores rise hut a few feet above the water 
level, and form a plain which is fertile hut exposed to frequent inun
dations. Small exposures of the dolomite are still to be seen. The 
bluffs consist almost entirely of the next higher layers, the equivalents 
of the Trenton formation. At St, Paul the same rocks outcrop by the 
river, and form a rugged rock bluff from 90 to 100 feet high. From 
here the Trenton group continues, till, above the falls of St. Anthony, 
all the layers disappear together under a. heavy covering of drift. 
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At St. Paul the bluffs have a thickness of 65 feet of sandston~, cov
ered by 15 to 25 feet of heavy limestone layers, a repetition, therefore, 
to a certain extent of the bluffs below. Yet the sandstone hardly tle
senes thIs name, in that a cementing material is entirely wantiug, 
and the rock can be dug into as easily as a sand bank. Indeed it iK 
nothing but a vast bed of quartz grains that hardly hang together, in 
some places, of unusual clearness and transparency. For this renson it 
has been recomm(mded by Shumard, one of Owen's astlistalltR, for HlP 
manufacture orglass. The shining white walls ol' this sand riKe 1'<:)1'

pendicularly from the water, and reach at Fort Snelling, an 0111 forti
fication against the Indian!:!, at the mouth of the St. Peter river, its 
greatest height. From here to St. Anthony the height, as well as the 
thickness, of the sandstone gradually diminishes. I have never yet 
succeeded in finding any fossils in this sand, and Owen regan Is it as 
entirely destitute of fossil remains. As it everyw..:ere appears in close 
connection with the overlying limestone beds, which contain a great 
number of fossils characteristic of the Trenton of New York and the 
Llandeilo Flags of England, it must for that reason be placed with 
them in the same group, and is regarded by American geologists as the 
western equivalent of the Chazy limestone. 

It seems at first a remarkable circumstance that so old.a sandston!:', 
covered by limestone beds, !:!hould possess so litHe firmness, but on ex
amining carefully the stratification, a shale bed is discovered hetween 
the limestone and the sandrock, by which a supply of' limy cement 
must be entirely cut off. Indeed in the upper part of the sandstolle 
are shaly layers, and they attain, under the limestone, a thickness of 
one and a half to two feet. The shale has a dull blue color, efferoosces 
with acids, on being dried falls away in long shaly fragments, and is 
converted to a thick paste when exposed to the influence of water and 
air. 

Concerning the stratification of the Trenton, as it is displayed on 
the upper Mississippi, I shall speak in a later work. .. The cities of St. 
Paul, Minneapolis and St. Anthony are built upon the same rock-beds. 
and in St. Paul especially are found numerous ou~crops. The lime
stones are clayey or dolomitic. The middle portion, which is the 
greatest, furnishes a very good building material, of which the ston.e 

"The layers oCthe Trenton have had formerly a much greater extent. In southeaMterN. Minne"ota 
are mnny isolated patches orHme"tone and of the SI. Peter sandstone yet to be bron.ght to hg~t an,l de. 
scribed. The tine .",,,1 which has so great an extent in the banks of the St. Peter river IS. derIved from 
the weathered and sc.Uered debris of sftndrock. 
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~tructul'es of the cities mentioned are built. The best known fossils 

are: 
Orihi~ tricenar-ia. Conrad. 
Orthis testudinaria. Dalm. 
Leptaena sericea. Sow. 
A smooth Pentamems ana a St/,ophomena. 
Murchisonia bicincta. 
Nelleropholl bilobatus. Sow. 
All characteristic shells of the Trenton, an(l partly also of the 

Llanrleilo Flags of England. 
In the higher layen; are added corals and brachiopods as well as a 

trilobite, which are not seen in the lower layers. They are for the 
moc;t part the following: 

Rh!lllchonel1a I·ecurvirostra. Hall. 
RlIY'lchone/l':] inrrebescens. Hall. 
Petrata cornicul1lm. Hall. 
Stellopom/ibrosa. Goldf. 
('alY1l1ene senario. (Blumenbachii.) 
PWodict!Ja sp.-

fossils which altogether have been assigned to the Trenton by Logan 
in Canada. 

Six lllile~ ahove St. Paul the Minnesota or St. Peter's river empties 
mto the Mississippi, having its source in a lake on the boundary line 
of Dakota. In its banks the lower beds of the Silurian again outcrop. 
Still its hank" remain much lower than those of the Mississippi, and 
the lower sand>:>tone nowhere reaches a greater thickness than 35 feet 
"lJOve the water. * 

Between Minneapolis and St. Anthony, which lie opposite each 
other, the MisRissippi fonm at the present time a waterdall which, in 
,i Illanner similar to Niagara, only at a greater rate, is kept in constant 
rece';;:)lOll. The white sand:-;tone, or rather the :-;and bank, is exposed 
ll11ceasingly to the influence of the falling water. It is washed out, 
find the overlying limestone beds are broken off in great sheets which 
fall flown. ThiR process can be observed everywhere in the neighbor
hood of the falls . In the midst of the river-channel lie the limestone 
masses scattered here and there in wild confusion. The falls are now 
hut twenty fef't high, yet must have had formerly, when the water 
IJlunged from the limestone beds, further down the river, a much 
greater height Plans have been sought for to keep the falls in the 

*The "Lower San(l~tone" here referred to is the JOI'(lan sa.nlil:1toJ.le, and is not the BLower Sandstone" 
seen in the rr.-n.s'HSlppi bluff.. [N. H W.] 
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'Same place by means of dams, canals and locks, since both St. Anthony 
and Minneapolis are manufacturing cities, and the timber from t,he 
northern part of the State is here sawed in a large number of mills. 

Every little stream that enters the Mississippi over its high bluffs 
-exhibits in a small way the same phenomena. Hence arise a number 
Df smaller very picturesque water-falls, which are met, with in the 
neighborhood of both the cities ment,ioned, among whieh Minnehaha 
(Laughing-water) is best known. 

The Trenton limestone is the youngest member of t,he Silurian for
mation that I have as yet been able to find in the hanks of t,he Missis
sippi." In southern Minnesota it seems also that the equivalent,s of 
the Hudson river and Clinton formations are found. During the writ
ing of this sketch I have seen in an American teacher's monthly jour
nal a little treatise on the geology of southern Minnesota. in which the 
author mentions in the banks of Root, river, a t.ributary of the Mi88is
'sippi, a hundred and forty feet, of heds of shale and 8haly lavers 
overlying the Trenton limest,one, and coveren hy still ot,her hedi=i of 
'sandstone with a thickness of a hundred ann fift.y feet. t Still I have 
not been able to learn anything in det,ail concerning t,he::;e hvrrs; and 
inasmuch as no fossils from these heds were mrntioned their age still 
remains questionable, although it is not unlikely that the younger 
members of the Silurian pass from nodhern Iowa to this sine of the 
Minnesota boundary. I have exhibited the houndaries of the Upper 
Silurian and Devonian in sout,hea"tern Minnesot,a on the accompany
ing plate, according to the representation of Mr. Hurlhut,. 

Above St. Anthony the older formations are covered by ,;and and 
drift for a distance ,of sixty miles, and the banks of the Mississippi 
'show no outcrops. A few miles helow the city of st. Cloud the area 
of the crystalline rocks hpgins. The st,ratigraphical fe lations of the 
,sedimentary formations in respect to these outcrops of granitic rocks 
unfortunately cannot be ascert.ained, The most southerl~; point at 
which I found the granitic rock was on the Sauk river, one of the im
portant tributaries of the Mississippi river in this region. Also be
tween these rivers low outcrops of granite rock suddenly appear in the 
midst of the forest. In the banks of the Mississippi itself no outcrops 
,of granite are known so far south. The strike of the crysblline rock 
'seems, for that reason, to run in a north northeasterly direction. It 
fqrms low hills, and fiat, or somewhat rounded, knolls, which rise sud-

-rhe Hudson River bed. can be seen at St. Paul, with Ii thickness of about 100 feet. [N. H, W,] 

tWo D, Hurlbut, in the !\<linnesota Teacher, February, :871. 



TENTH ANNUAL REPORT .. 
denly above the swampy plains. The Mississippi continues twenty 
miles in this way-toward the north then it enters on a belt of metam· 
orphic schists of about the same width, of which I only had informa
tion of a mica-schist containing a great number of beautiful stauro
lite crystals. 

The crystalline rocks of the Upper Mississippi show a great differ 
ence in their structure. They consist, for the most part of hornb-lende. 
orthoclase, oligoclase and mica. Quartz, indeed, is generally also pres
ent, tho~gh often in very small amount. Real granites, disregarding 
several fine granite-porphyries, are apparently rare, as well as real 
syenites. These rocks are in many respects interesting and I am pre
paring a more special work on the subject. The syenite-granites, as I 
shall provisionally designate them, show numerous changes from horn
blende to mica. Many parts are horn blendic on t,he borders, and others 
are completely covered over with mica scales. The hornblende is 
greenish-black, lustrous or earthy, the mica dark-brown, and very 
glistening. 

Quarries have lately been opened in different rocks of this range; 
they are to be used as building-stone; which, till now, has been can· 
fined to the bluish dolomitic limestone of St. Paul and 8t. Anthony. 
At St. Cloud a rock has been opened, which shows uniformly a clear-' 
blue color which is derived from the bluish-white, translucent, felds
par. The United States Custom House, in St. Paul, is now partly 
built of it, and it has also been used a little ill smaller buildings. At 
Sauk Hapids is a similar rock, bearing less quartz and more hornblende, 
used in the construction of a dam, and for bridge-piers. Further north 
has been opened for se veralmonths a quarry in a very fine decided gran
ite. The greatly predominating orthoclase has, in fresh condition, 11 

glistening white color. Next to that in amount comes the quartz, in 
grayish grains, and then black mica. This rock is also known as 
"Watab white granite," and, as soon as the railroad which now only 
reaches as far as Sauk Rapids, is extended further, will be largely trans 
ported to Chicago and St. Louis for large buildings. 

In the whole Mississipi valley, from New Orleans to St;. Cloud, no 
crystalline rocks are found, and it has been necessary to use, until 
now, limestone and sandstone, of rather inferior quality, as material 
for building. The quarrying of these granite rocks on the upper 
Mississippi promises for Minnesota in the future to become an import
an t industry. 

In a south south-westerly direction appears a similar region of cryS .. 
talline rocks, exposed on the Minnesota river, where Owen observe& 
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granite and syenitic rocks over an extent of 45 miles, between the 
Cottonwood and Redwood rivers. The region between theRe points 
furnishes no outcrops. It consists partly of rolling prairie, and has 
many lakes on the shores of which water-worn drift-boulders are 
heaped up. The drift here is very thick; and as the leveling for the 
building of the Pacific railroad has been carried oyer it, it is fOHml to 
const,itute a high plateau between the Sauk and Minnesota r1vers. 

While on 011e side the hight of the first plateau at the Missi~sil,pi 

reache~ 750 to 800 feet aboye the sea level, and lake Traverse on the 
Dakota boundary on the other side lies 825 fed above the sea, the line 
of divide through this high plateau, in the strike of the granite range, 
is from 1,100 to 1,250 feet above the sea. 

According to Whittlesey who has passed repeatedly oyer the region, 
there is a connection between the grallit,es of the upper Mississippi 
and those of t,he Minnesota. He even goes furt.her, and continues the 
range northeastwardly along the watershed north of lake Superior. 
The crystalline rocks observed by him 011 t,he upper course of the Rum 
river, south of Mille Lacs lake, lie in the same prolongation. The 
slight elevation of the ridges and the thicklless of the drift, make it, 
nevertheless, as yet impossible to demonstrate the connectioll. 

Also Norwood, on the map of the geological survey, in the atlas to 
Owen's report, extends the line of the crystalline rocks from the upper 
Mississippi to the Minnesota river. Further, he unites it with the 
area of granite ,ind crystalline schists in the extreme northerll part of 
the state, which apparently correspond in age and composition to the 
Laurentian system of Canada. Prof. Hall says that the rock:-; in the 
neighborhood of the Redwood river have a gneissic character, and 
belong to the laurent.ian system. The metanwrphosed sandstones and 
quartzyte which outcrop in the region and are extended widely over 

. southwestern Minnesota, he places in the Huronian. The relations 
which these systems sustain to each other are at present not yet 
ascertained. 

Yet all the present indications are that a wide zone of Laurentian 
rocks goes diagonally through Minnesota, and is accompanied on both 
sides by Huronian rocks. Until now, the latter were known only to 
the north of lake Superior. Their presence, however, in souther n 
Minnesota, Prof. H all has called att,ention to, where he has also assign-

. ed the celebrated "Pipestone Quarry" to the same age. :\ s I shall 
show in the course of this work, the roofing slates on the Sf.. Louis 
river must also be reckoned in the Huronian formation. 

The interval between the Mississippi and the Red river of the North, 
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amounts to 120 miles. Over this whole extent no outcropping rock 
has been known with certainty. It is nevertheless probable that the 
regular succession of Silurian rocks which are displayed on the east of 
the granites and crystalline schists, returns again on the west. Be
sides, Owen mentions a spot on the Red river in the neighborhood of 
the present town of Breckenridge where the Lower Silurian limestone 
is exposed.* As far as my knowledge goes, this is at the present froe 
the only spot on the Red river, this side the international boundary, 
where an outcropping rock has been observed. Waterworn pieces of 
Silurian limestone are, however, of very frequent occurrence in the 
drift of the Red river valley. Whittlesey mentions Potsdam Sandstone 
at the falls of Pokegam3 on the Mississippi in north latitude 470 15', 
northwest of the Laurentian belt. This observation had, indeed, also 
been made by Owen, and this seems to be the reason why Norwood ex
tends the oldest members of the Silurian on his chart to this place. 

A very interesting portion of Minnesota to the geologist, is the east. 
ern; viz.: the shores of lake Superior and the bluffs of the St. Louis 
and 8t. Croix rivers. The St. Croix valley which forms the boundary 
line of Wisconsin, lies, for the most part, in the lowest beds of the 
Silnrian. The principal fossils of the Potsdam Sandstone, and of the 
lower dolomite are found in this valley. The greatest thickness 
"f this sandstone above the water reaches 170 feet; also the dolomite 
here l'eacl}es the thickness of 100 feet. The beds are apparently hori
zontal, hut in general they have a gentle dip toward the south.' Forty
five miles above its mouth the river is contracted, and suddenly its., 
banks take on a different character. In place of the regular contour 
lines of the sandstone, are rough jagged rocks which outcrop close by 
t,he water. Here one stands on the rocks of the celebrated and pictur
esque " Dalles" or Felsenhallen of the St. Croix. The rock has been 
named by American geologists" porphyritic trap," and it resembles 
the Norwegian porphyry, which can be seen at Bogstadt on the west 
ilide of the Christiana Fiord. Several beds of this rock are cut through 
by the river, and alternate in the banks with the layers of the Pots
clam Sandstone. As yet, I have had the opportunity only to examine 
this interesting rock over a small area in the neighborhood of the town 
of Taylor's Falls, near the falls of the St. Croix. Here it is exhibited 
as a beautiful, quartzless porphyry, or porphyryte, and constitutes the 
shores of the river and the hill-ranges. 

I reached the river from the west side. After I had traveled for 
hours from St. Paul over the beautiful prairie, suddenly the deep and 

*No OMe el_e has e"er "een Ihis outcrop of IImestone.-[N. H. W.] 
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widely cut valley presented itself right before me. It was a surpns 
ing sight. With the greatest regularity of hight, lay several terraces 
abote each ot her, and with the same hight they were visible also along 
ihe opposite bluffs on the Wisconsin side. Taylor's Falls is huilt on 
the first terrace, at the foot of which the water boils over the rock 
crags with the noise of thunder. Right opposite lie the falling ruins 
of a town in Wisconsin named St. Croix Falls, which owes its hasty 
bloom and its short, ephemeral existence to t,he speculation of i'leveral 
enterprising Yankees. Taylor's Falls is what is called in the west, a 
,lumbering-fown, that is, a place where the lumbermen of the St. Croix 
buy provisions, and from which, every winter, the men depart for the 
pineries. The high hills which enclose the place cOHRist of porphyry. 
Further down the river appears the Potsdam sanrlstone. 

The river here does not cut through a Ringle ridge of the cryst,alline 
rock, but several diagonal ridges of an area of porphyry. The rock 
has a pretty uniform character thronghol1t its whole extent. The 
ground-mass is crypto-crystalline and has a dark-green color. Under 
the loop can be seen a dark, non-trauRlucent mineral, which in many 
places is formed in fibrous particles [stangligen partiell], and a trans
lucent mineral having the color of olivine. The feldspar crystals, 
which vary from dark-brown to black, give the rock a characteristic 
spotted appearance. The feldspar shows very evident Rtriation and 
twinning, and seems to be the same as that in t,he hrown porphyry of 
lake Superior. I have found iron-pyriteR only as an acressory portion. 
In several places the rock holds amygdules, the onl,v material of which 
seems to be white t.ranslucent qnart,z. 

The relation of the porphyry to the sanc18tone herb if' interesting. 
Owen assumes t,hat the latter have heen hroken through and cut hy 
the trap, although, t,hereby neither t,heir texture nor their horizontal 
position have been changed. I cannot confirm that view, hut helieve 
the relations of these rocks at Taylor's Falls must require that the 
porphyry is older t.han the sedimentary heds." 

Indeed, the layers of the sandstone, wholly undisturbed, as can be 
seen-on both shores, demonstrate that. Furthermore, T observed on 
the right bank of the river, the rock-profile, seen in Fig. 1. 

The sandstone beds here lie horizontal over the porphyry, and con
tinue in this manner over an extended area. They contain a number 
of fossils which are very beautifully preserved,. and prove, even as 
much as the texture of the sandrock, the insignificant influence of any 
later outbreak of plutonic rock. A better proof of the greater age of 
. *Mr Klos8i •• uppOl'ted in this by Mr. Sweet, of the geological survey of Wi.conain. [N. H. W.] 
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the porphyry was afforded me by a conglomerate which consists or 
nothing but large water ·worn masses of the porphyry, the position or 

Fig. 1. 

"". Pot,dam salld;tone; the pl'ojectillg beels which lie under the first river-terrace, Oil which Taylor's 
Falls is built. b b. Porphyry. 

which is between the porphyry and the sandstone. This singular rock, 
which I saw only in one spot, but in a considerable thickness, descends 
from the porphyry down to the neighborhood of the sandstone. The 
water-worn masses, which occasionally reach a considerable size, lie 
immediately in contact with each other, and have but a slight cement
ing material between them. Still the rock is very hard, and plainly 
bedded. The roundecl masses and the cementing material consist alto
gether of more or less decomposecL porphyry. Unfortunately the spot 
where the conglomerate lies under the sandstone, is covered with vege· 
tation. (See Fig. 2.)* 

The character of the different beds which compose the sandstone at 
Taylor's Falls changes greatly in short intervals. The layers on the 
Minnesota side form a more continuous, projecting terrace than on the 
Wisconsin side, where, between the porphyry ranges, are several shal
low or flat troughs. Going along the shore, I passed over several small 
hills, outrunners of the main hill range which forms a belt parallel 
with the river. Between these small hills lie the layers of sandstone, 
which descend 011 both sides level to the middle of the trough~ If one 
ascends the main hill-range, nothing can be seen of the sandstone. 
How far the porphyry extends on each side from the river is u!l-known, 
In Minnesota, it disappears soon under the drift. 

* Whittlesey mentious $everal spots in the neighborho'ld of lake Superior where'the 1:,eds'oftheFots. 
dam sandstone lie upon the Ii ,rphyry. both 011 the southel'n shore, at Kewellaw Point, in Wiscon!U~, 
and along the northern coa.t, But yet there can be no donbt that there is a porphyry and melaphyr 
0: the age of the Po.tsrlam sand,tone. the layers of which it broke through and upturned. It seems 
that the outilow of thIS quartz]es. POl'phYl'y beg"n in Huronian time and continued through the first 
part orthe Silurian. The inclusion of the sa.ndstone within the porphyry, mentioned by Owen, Illave 
Ilot been able to find at Taylor's Fails, though I have m"de dilligent search, , 
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In one of these troughs the rock consists 
of thin layers of dolomitic marl. It has a 
clear-gray color, a smooth, conchoidal frac
ture like limestone, and crumbles in the air, 
and at the Rame time it assumes a dazzling 
white color At the first glance one is apt 
to take it for a limestone; yet as it does not 

t effervesce at all with acids, it must be prin
cipaUy dolomitic. Further up the river lie 
dark, iron-stained, firm crystalline layers of 
a sandy limestone; also t,he same in thin 
layers. At the same level on the Minnesota 
side is a clayey sandstone which does not 
effervesce with acids. It varies from fine 
to coarse grained. The latter prevails in 
the lower portion of the confused mass, and 
forms a high bank which rests immediately 
011 the porphyry. . 

All these rocks carry the known species 
of Lingllla. Those with the narrow ex
tended beak (L. antilfun), and those which 
are shorter and win.er (T.J. wisca) are very 
abundant, and completely fill some of the 
layers. Specimens of the former frequently 
reach five-eighths inch in length. Beside, 
Linqu7a there are also species of Orbicult 
and Obolus, and trilobite shields as large as 
peas (Col1()('ephnlifes minutus ?). The shells 
seem to be distributed in certain belts in 
the layers; especially is this the case in the 
coarse, conglomeritic sandstone." 

The varied composition of the beds in 
their general relations is remarkable. It is 
true a simple layering one over the other can 
be seen; on the other hand they all seem to 

il(i:Sandstone; h b Conglomerate; 

.:~Or{lhyry • 

--;;:j:be large wedge.shaped Linllula Owen ha. (Iescrihed "" a 
new species. naming it L. 1Ji'R/nre/orm'ill. on aeeonnt of it~ re· 
semblanee to n. pinna. Nevertheles!'i his illmdration or it eRn· 
not be di8tinp;ui~hed from L. nnf1:qua. and in hi&; description be 
does not hrlng forward the rlifference hetween it and the older 
species. Another peculiar specie. which Owen eite. from the 
Taylor'. Fall. bed. is the Orb,:c"l" Tlrin/([. " very well defined 
shell hut which @till may he. identical with opec i •• 01 Orhie. 
ula described hefore from other nlnee.. I have no opportunity 
here to inveAtigate the specific differences, and I shall return to 
1t again later. 
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occupy the same level; both sandstone and dolomitic shale outcrop 
opposite each other in the banks of the river at the same hight, an.d 
they vary hut little from the horizontal. 

In order to ubtain an examination of the relations of the 
sedimentary beds to the porphyry and melaphyr-like rocks of the 
north shore of Lake :::lupel'ior, I made a trip the past fall to the west 
end of that lake. The railroad which connects St. Paul with this 
great American lake was completed the first of August of the former 
year. An iron track of 155 miles now connects the end of navigation 
from the Atlantil! O<:ean with the head of navigation of the Missis
sippi Till within a shurt time it was very diffil!ult to travel from 
there to the he all of Lake :-)ul)flrior-now one rides there in a few 
hours The COlllmelll!ement of the autulUn storms made it impossible 
to carry out my plan, and I was compelled to confine my observations 
to the:::lt Louit; river and the inulletliate neighborhood of the railroad. 

Except a few cuti'> in the Trenton limestone in the suburbs of St. 
Paul, the tract of country crossed by the Lake Superior road affords 
no outcrops of rock till une reaches the valley of the St. Louis river. 
A vast forest, for the greater part consisting of pine, covers over the 
whule region. The land is generally fiat and swampy. The railroad 
surveys have establit;hed the highest point at 567 feet above Lake Su
perior, or 1,167 feet above the ocean Thi] puint is 120 miles from St. 
Paul and 35 miles from the lake. On all sidel:l the plateau is fiat, de-
scending gently III both directiollA. ' . 

The first outcropping rock aplJears ill low ridges in the midst of a' 
cedar swamp near the St. Louis river, and at this place occurs the first 
opportunity since leaving the Missil:lsippi, to behold the bedded rocks. * 
From here to the lake there is much rock, which offers an extended 
and little explored field for geological I:ltudiel:l. During my short visit 
I could only make oheervations at a few points. The region is for the 
most part difficult to travel bver. Extensive forests and swamps con
ceal the rock from view. There are no roads-even between the dif
ferent stations and new places on the railroad it is necessary to travel 
on the railroad itself. When the rivers and streams are no longer 
passable for canoes, it is necessary to scramble from rock to rock in 
order to be able to look at the neighboring country. A slippery red, 
clay forms the surface covering, wherever the black soil is torn up. 
Wherever the trees have been cut and the brush burnt, wherever roads 
have begun to he laid out, it is entirely impossible to travel after the 

"The beddell rock~, hO\~evel·, .100 appear In outcrop at White BeRr Luke, at Hinckley and at M1)QSB 
Lake [N. H. \V.l 
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occurrence of a few showers of rain. The whole region bears, mure 
than any other in Minnesota, the stamp of wildness and prim itivt'llc:,::, , 
It has been asked, what can be made of it. It will require immense 
resources and great labor to make it habitable and productive. 

The St. Louis river comes from the north, from a region of granite 
gneiss and mica schist about Vermilion lake, and turns, just before Its 
waters reach Lake Superior, with R sharp angle to the ea:,;t. Herp the 
railroad company has constructed a high bridge over the river, anfl a 
new town is established which has been named Thompson, from ()nc 
of the officers of the company. The water has broken through tl1f' 
steepey tilted beds, and here forms a long succeHsiol1 of falls and rapill", 
which in a few miles produce a descent of 370 feet, and are known a" 
the Rapids qf the St. LOllis Ril'er. The valley is narrow and :;hnt 111 

by high picturesque cliffs. A dark fir-tree forest cover:; the hillH alJout 
-indeed no region of America has reminded me so forcibly of the val
leys of the Hartz mountains, and especially of the Bode and a part 01 
the Okerthales. 

The rocks also are similar to th~ rocks of the Hartz. The .ariou,> 
strata consist alternately of dark-blue crystalline layers, freqnently in 
the form of roofing slates, and a light firm sandrock or quartzyte 
which looks like many German graywacke sandstones." 

There has been formed a company for the manufacture of the roof
ing slates. Two quarries have been opened which promise good 1'1'

suIts. The slate is carried to St. Paul by the railroad; and this may 
become in the future a profitable industry. N orwoorl also mention:;; 
other slates on the St. Louis which are of a talcose and chloritic na
ture. Since they are found further up the river, they are in age 
earlier than the roofing slates. He has also noted a steep dip in the 
layers in opposite directions, which he atolcribed to the injection ot 
igneous rocks. But these he did not finrt I also found no crystalline 
rocks, and I am not of the opinion that at the faHR of the St. Loui;; 
river any local cause appears that produced the disturbance of the lay
ers. So far as known to me the bedded rocks of northern Minnesota 
which are older than the Silurian, have been upheaved in the same 
manner. The beds are broken ill a jagged form, and stand out boldly 
in little rock-islands in the very channel of the river, by which the 
quartzyte and slaty layers are always easy to distinguish, because the 
former constitute the elevated parts and the latter the troughs of the 
outcropping lasers, as they are eroded and excavated by the water. 
~fossils have yet been found in these beds. The inclusions consist· 

*Thm qllartzyte leems to have been taken fOI" greenstone both by Norwood and Eames. 
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of little sulphur nodules. The principal quartzyte beds are penetrated 
by veins which are composed of quartz and calc-spar. Lines of feld
spar are also of frequent occurrence in the slates. 

Probably this whole formation belongs to the Huronian system 
which on Lake Huron and in the upper Peninsula of Michigan, ap
pears between the Laurentian system and the lower Silurian. The 
position here exactly corresponds to that horizon. Credner in his work* 
on the pre-Silurian formations of the Upper Peninsula of Michigan, re
gards as a member of the Huronian a series of clay-slates and quartz
yte beds of which the description applies equally well to these rocks. 
Chloritic slates constitute there as here a portion of the formation. 
The Potsdam Sandstone lies upon the outcropping beds in Michigan in 
the same manner as it can be seen to do on these beds further down 
the river at Fond du Lac. I have not examined this point myself, but 
quote Norwood's report, as to the facts, as follows: "Not far from 
the village of Fond du Lac the clay slates and chloritic slates are lost 
under the conglomerates and red sandstones of Lake Superior, the 
lower part of the Potsdam sY::ltem. The latter lie upon the outcrop
ping edges of the slates, with an inclination of six or seven degrees, 
but dip in the same direction." The place where the two systems lie 
unconformable to each other does not exceed three miles from the rail
road bridge at Thompson, according to the statements of Norwood. 
From the position of the clay slates, one can infer the presence of the 
iron-bearing beds which in Michigan characterize the lower part of 
the Huronian. Perhaps these are the iron beds at Vermilion lake, in 
the neighborhood of which the metamorphic layers of the Laurentian 
begin. 

0nly at one place is the red sandstone to be seen near the railroad 
in the neighborhood of Lake Superior. This can not be far from the 
spot where this rock, in connection with the coarse conglomerate, lie~ 
llllconformably upon the Huronian. The beds here lie nearly horizon
tal, with a slight inclination toward the south. The upper cuts of the 
railroad are in red clay before mentioned which, with varying beds of 
shale, sand and gravel, covers the older formations north and south 
from the great lake. It embraces a great extent of territory, reaches 
the height of 600 or 700 feet above the water level, and fills the valleys 
intervening between the ridges of the clay slates and quartzytes. 

At the end of the railroad, where at the present time the streets of 
the new city of Duluth are being laid out on a steep hillside with an 
outlay of unprecedented expense, are large exposures of different kinds 
~This Journal, 1869, p. 528. 
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of crystalline rocks. These form the shores on the left of St. Louis 
Bay and of the Bay of Superior. The former consists of a wide ninO' 

'" of the month of the river, the latter of a part of the lake shut in by a 
narrow strip of land, forming a fine harbor .. The conformation of the 
west end of Lake Superior is in the highest degree remarkahle. TWQ 
small tongues of land project parallel with each from the shore, and 
are met by narrow points extended in the same way from the Wiscon
sin shore. Narrow channels or passes only are left so as to admit to 
the waters enclosed between them. The outermo:,;t of these c:trips of 
land, Minnesota Point, is six miles long, and has a mean width of only 
600 feeL It consists of beach-worn material, or shingle, and it rises 
but few feet above the level of the water. These pieces have an ob
long, genemlly flattened form, and consist for the most part, of mel
aphyr, porphyry, and amygdaloid with calc-spar geodes, both large and 
'small. 

Connor's Point in Wisconsin and Rice's Point in Minnesota separ
ate the Bay of St. Louis from Superior Bay. Between them is a chan
nel affording fifty feet depth of water, through which the waters of 
the St. Ltmis reach the lake. Superior Bay has its greatest depth near 
Minnesota Point. Along the opposite shore in Wisconsin it was nec
essary to build out more than a hundred feet into the bay to find nine 
feet of water, while on the Minnesota side the water had a depth of 
15 to 18 feet. A street from Duluth extends now along Minnesota 
Point, and the railroad company have begun to cut through it in the 
neighborhood of the place where it is joined to the mainland, for the 
purpose of making a fine harbor, sheltered by this natural breakwater. 
The natural approach, six miles further south, is exposed to much 
drifting sand, and has also been worked hy the people of Wiscon
sin in order to Improve It for an entrance. 

In the .vicinity of Duluth I have observed three different kinds of 
rock, but nowhere could I make out the connection which they have 
to each other. The first, which rises from under the red drift clay 
and is finely exposed in the vicinity of the railroad depot, the Ameri
cans style "granite," to which, however, it has no resemblance. It 
consists principally of a feldspar of a dirty white color, which is in 
.the form of fine large crystalline grains, which show three cleava.l!'e 
directions. Two of these stand almost at right angles to:one another, 
(me of which has a marked greasy luster, and the other a strong glassy 
luster with fine twinning-lines. The third cleavage direction is only 
made apparent by fractures which cut both of the others at acute 
angles, and seems to appear very rarely. I took the feldspar for labra-

13 
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dorite. The second ingredient is a dark green to black mineral, of .~ 
greasy appearance, which it is difficult to distinguish, because the (}olor 
is like that of the predomi,nant feldspar. It is indistinctly fibrous, and 
I took it for diallage or hypersthene. A black, shining mineral, in ir
regularly shap~d grains, which have a strong metallic luster, is sprin~ 
kled abundantly in this rock, and stands out beyond all the others 01'1 

the surface of the weathered crust. On a fresh fracture of the rock it 
is hard and brittle. Yet under the action of the atmosphere it b'e
comes softer, and then if it is scratched with a knife, small black par
ticles of it remain attached to the blade. Before the blow pipe it be
haves like pure magnetic iron. It disintegrates only after a long time, 
and very seldom is it seen to become oxidized on the outside and 
changed to a brown ochre. No trace of titanium was discovered. 

For the most part this rock has a resemblance to gabbro, or hyper!!
thenyte, although it shows in its whole extent a tolerably uniform 
structure, and generally a coarsely granular texture. In this rock a 
quarry has been opened, and the stone is being worked and polished 
for mOllumental purposes. 

The second rock is cryptocrystalline to compact. In the black 
groundmass lie brightly glittering needles of feldspar with evident 
twinning striation. It is exactly like the rock from small veins in the
syenite at Sauk Rapids on the Mississippi, and is to be considered, 
probably, with the greatest degree of exactness, until a more close ex
amination can be made, as a black porphyry 01' melaphyr. 

N ext to this a beautiful porphyry forms the first rock at the shore of 
the lake. This rock is different from the porphyry of the St. Croix 
river, and in the main resembles the porphyry from Ilfeld in the Hartz. 
In fresh condition the groundmass is an exceedingly fine-grained mix
ture of a clear and a clark-brown mineral. The feldspar crystals ap-' 
pear only by reason of their luster, upon the commencement'of disin
tegration of the rock, because of their presenting a somewhat brighter 
color. Magnetite is sparsely disseminated, and still more sparsely a 
little pil:ltazite. But the latter mineral is very abundant in the seams, 
and veins of calc-spar with which the rock is very much intersected. 
In the same mann.er also laumontite occurs, and in fact as a pseudo
lllorph after calc-spar. In company with this brown porphyry is found 
an amygdaloid with a somewhat decayed groundmass. The cavities, 
which are somewhat elongated, are filled with quartz, calc-.spar, chlo
rite and a decayed iron-bearing minera1. TIle cryi'1tali'1of felr/spar in 
the porphyry are also in process of decay. A regular variation or :il:i.
terchange between these two rocks is nowhere to be seen. On. the-
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on-her .hand the undecayed massive porphyry goes over to the amygda
loid Apparently the decaying of the groundmass and the crystals has 
;gol).eon step by step with the filling of the amygdaloidal cavities. 
A.s already remarked, I have observed the above described rocks no
where in contact. The works in the city of Duluth will, however, 
soon furnish fine exposures. The beds of the Lower Silurian which 

i appear further down on the Lake Superior shore, alld upon the river, 
~re not found at Duluth nor in the immediate vicinity. Similar red
dish-brown porphyries appear to be very widely distributed on the 
north shore of Lake Superior. The lateness of the season prevented 
an excursion in a sail boat for observation along the coast. The ahove 
described crystalline rocks are grouped together by all American geo
logists under the name "trap." Whittlesey mentions an augitic, 
quartziferous and amygdaloidal trap. In other places he speakil of a 
brown, decayed trap, and of a firm trap, both cut through by dykes of 
basalt, without giving any further definition of these different rocks. 

The Potsdam sand~tone forms the north shore of Lake Superior, as 
well as the south shore. The dip of the beds forms an anticlinal, and 
the lake consists of a basin of fresh water in the layers of the Lower 
Silurian. The breaking out of porphyries and melaphyrs, sometimes 
in the form of dykes and at other timeR alternating in layers with the 
sandstone, makes the geological relations very complicated. Along 
the north shore runs a range of hills which consist of metamorphic 
and plutonic rocks belonging to the Huronian formation. Five or six 
miles inland it attains its greatest hight of 600 to 1,000 feet ahove the 
level of the lake. Then this terrane is wanting, for the most part, 
along the coast, and the Silurian beds overlie the Huronian. 

A number.of streams have their sources in this hill-range, and often 
winding through the bedded and massive rocks, with rapid descent 
bear their waters to the lake. They give rise to many outcrops and 
lay bare the bedding and such like conditions of the melaphyr-masses. 
Several have attained a positive reputation for their promise of profit
able mining of copper, and are valued highly for the future mining of 
this metal. This is especially the case at the French and Knife river 
districts. 

Whittlesey says that the trappe an rocks which l)ear metallic copper, 
are of the age of the Potsdam sandstone, and that those that contain 
the sulphuret ores beiong to the Huronian formation. * Also that the 
cupriferous beds become barren when they change from trap to sand
stone. I am still too little acquainted with the appearance of copper 

tWhittlesey's report of 1866, p. 5. 
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OH the north shore of Jlake Superior, to presume to have an opinion 
respeeting those beds that may be valuable for mining, but I do not 
believe that the first of these statements has any general validity. ' I 
had opportunity to examine somewhat closely some fragments from a 
vein in a rock designated " trap," from the north shore. It was ob
tained from a bay betwe~n Encampment Island and Kinewabic river, 
and hence from the area occupied by the rocks of the Potsdam. This 
place is 30 miles from Duluth, and in the vicinity of Knife river. The 
rock has a resemblance to a bright, clay-slate, with many strings of 
calc-spar cutting it in all directions. The calc-spar is crystallized in 
veins. Its weight certainly indicated that it containea copper or.iron. 
Upon a careful examination can be seen also a sulphide, and black 
specks of a substance having a metallic luster on the outside, finely 
scattered through the mass. The latter shows before the blowpipe, 
the reactions of a mixture of chalcopyrite and pyrite. It contained no 
native copper, and I could not discover in th~ wet way any trace of 
silver . 
. The above mentioned rock is said to have a thickness of forty feet, 

and rises perpendicular from the shore, and can be followed inland a 
.,hort distance. Only the smallest portion of this mass embraces those 
sulphides and metallic compounds. Similar exposures, showing a little 
metallic content, It layering and a network of a small mineral vein, 
are a frequent occurrence in these massive rocks, and point with 
{:ertainty to a very general diffusion of copper. Yet it has not been 
found in sufficient quantity to support mining with profit. The best 
prospects are located at French river, in melaphyrs interbedded with 
sandstone. 

Immediately after the conclusion of a treaty with the Indians in the 
year 1854, by the terms of which the north shore of Lake Superior was 
opened to the whites, agents of eastern capitalists explored the region' 
for mineral deposits, Upon superficial observations of men who had 
but slight acquaintance either with geology or mining, large tracts 
here were set forth as mineral lands, and as such were disposed of by 
the government to companies and private ·individuals. In 1858 the 
land was surveyed, and many" claims," which had been made before 
were relinquished. A few years ago a company was formed in Bufl;'alo 
which began to explore the regions of French and Knife rivers more 
.carefully. A shaft was sunk to the depth of 48 feet, and a quantity of. 
copper ore was found in the deepeJ; lying beds. Nevertheless, these 
works are now suspended. 

At different places on the St. Croix river and its tributaries, copper 
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has been found. Especially is Taylor's Falls and that vicinity, as weIf 
ail Kettle river, forty miles further north in Minnesota, regarded as a 
region which some time will be celebrated as a copper. producing dis 
trict. What has been found thus far consists, in the first place, of 
large massive pieces in the river-bed, and in the water-worn material 
of the drift which covers the river banks, and secondly of veills and 
layers in the porphyry, which produce both metallic copper and copper
glance and copper-oxide, from a heavy but, decayed gangue. 

Massive, irregularly-shaped, but rounded pieces of native eOP1Wl" 
have' been found in several places in the valleys of streams coming 
from the north. I saw at Taylor's Falls a heavy speeimen weighing 
fifteen pounds, which was found in the digging of a well several feet 
below the surface, in the drift. These copper masses in every instance 
have been exposed fora considerable time to the action of water, and 
I do not believe that their place of origin should he considered as be
ing in that vicinity. In this opinion I was afterwal'll ;;trengthened, 
since I found in the drift. and gravel which lie on t,he St. Peter sand

'stone, as large and equally rounded a piece of metallic copper in the 
eastern part of the city of St. Paul. It is most proha~le that along 
with the drift, metallic copper iii) brought hither from the sOllthern 
shores of Lake Superior," 

What I have seen of the copper-hearing rocks of Taylor's Falls, 
shows the presen.ce of this metal in small quantities near the surfa,ce, 
affording, therefore, some expectation of profit on deep mining. I wa~ 
conducted to two old shafts and several pits which some,time before 
had been sunk on the summit of a range of porphyry. 'l'he shafts. 
were filled with water to the top. The material lying about contained 
no native copper. It was a porphyry in process of clecay, with veins 
of quartz and feldspar. A six-inch vein of feldspathic, decayed rock 
had given rise to the exploration, The feldspar vein can he followed 
for a distance of several hundred feet, and, according to the statement 
of my companion, under whose instigation the work had been under
taken, had a thickness of two and one-half feet at the depth of twenty -
The samples brought from thi~ depth consist of a much changed fel
despathic snd calcareous rock Copper strikes through the Ulass in 
slender leaves and threads, Fine black threads, of a black met, Hie 
luster; were found to be copper-sulphide, hefore'the blowpipe, and did 
.not exhibit, in the wet way, any content of silver, so far as I could 
judge. A second place, which had been pointed out by the .residents 

*M8s.es of metallic co~per are found occRsional1y in the northern drift in Michigan, Wisconsin and 
Ohio. • 
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as an outcrop of a copper vein, is at the mouth of a creek which paSSeS 
down the steep bluffs through the midst of the town. It was a sort of 
cont~ct-veill between the porphyry and the sandstone. What I could 
see of the gang-mass in the neighborhood of the very imperfect ex
posure, consisted of an earthy, much changed amygdaloid. It was as
~erted to me that copper is to be found, although I saw in the amygda
loid itself not a trace; and I expect that it is one of the erratic pieces 
from the drift. which is disseminated in the bed of the creek between 
the larger blocks of porphyry. 

Similar feldspar veins as those above mentioned are a very frequent 
appearance in the porphyry. They always have at the surface only a 
few inches thickness. 

More promising appears the copper outcrop on Kettle river. In 1865 
it was pronounced a true vein with a width of 22 feet by Prof. James 
Hall. I obtained several pieces of the gang. They consist, first, of a 
brownish dense melaphyr-amygdaloid without apparent crystals. The 
cavities are filled with quartz, calcite, epidote and copper. It is cut 
through by numberless fine slits which are filled with the same miner
als. The copper is in threads, thin sheets, and also in net-work and 
knot-like forms, and is always accompanied by quartz, calcite and epi
dote. The color of the groundmass changes from brown to green, and 
several specimens approach the color of green, although more dis
tinctly colored through. This is a bluish-green rock, with heavy 
groundmass, though without evident crystals still carrying the same 
cflyities and amygdaloidal minerals. 

A third rock is much changed, mainly feldspathic, but interspersed 
with a dark mineral. Its prevailing color is derived from copper-salts. 
The copper is metallic, and is desseminated in extremely fine threads 
through the whole mass. In this rock appear outcropping veins of 
copper-glance and earthy malachite. At least there are, among the 
ltlaterial derived from this locality, two handsamples which show both 
these ores in the same groundmass. 

The copper-bearing samples of rock from Kettle river, collectively, 
have the aspect and the characters of vein rocks. 

How far" the above described appearances may warrant the hope of 
profitable mining of copper, must be left undetermined till more exact 
iuvestigations shall have established the extent, the range and the 
conteut of copper. The lands of Kettle river have been taken posses
sion of by speculators, in the same manner as those of the north shore 
of Lake Superior some time before. Here and there examinations 
have been made in order to learn something of the particulars of the 
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region, yet always in a hasty way and generally by people without 
:sufficient geological knowledge. 

Fro'm Vermilion lake I have become acquainted with gneisses and 
firmly crystalline clay slates with much .interspersed pyrites, which ap
parently belong to the Laurentian system. A number of quartz veins 
.cut through these metamorphic schists, which contain a little portion 
()f copper pyrite. The pYl'ite has been shown to be gold-bearing. A 
:short time ago arose a real e.:r:citement, of the American type, over Ver
milion lake, because it was believed that here had been found a new 
gold field. There were formed in Chicago, New York, and other 
.cities, several companies; and caravans with furnaces, stamp-works, 
and amalgamating mIlls, pressed forward into the wilderness. Large 
sums of money were soon sunk in Vermilion lake. The government 
itself laid out a road from Duluth, and the works were in progress till 
.a short time since. Several shafts were dug, among others one 70 feet 
.deep by aNew York company. As yet the costs have far exceeded in 
amount the value of the small quantity of gold which has actually 
been taken out. I have seen a number of samples of the gold-bearing 
.quart:.: of Vermilion lake, but have not yet found even a speck of na
-tive gold. Likewise I have not been able, in spite of the most diligent 
enquiry, to find anyone who has seen it. There is now no doubt at 
all that so long as the· region remains inhabited by Indians and fur
animals, separated seventy miles from any railroad, the amount of gold 
taken out cannot pay anyone. 

The same must be said of the iron ores outcropping in the neighbor
hood of Vermilion lake, concerning which the reports brought by 
-travelers are very favorable; the profitable mining of which, neverthe
less will not be entirely feasible without a railroad connection with 
Lake Superior. The description which Eames gives of these* agrees 
with the red iron-rocks of the Huronian on the south shore of Lake 
Superior in the State of Michigan· H The iron ores from Vermilion 
lake that have been brought to St Paul consist of a very pure, glitter
ing haematite, of a steel-gray color. 

It is probable that further search in Minnesota, on both sides of the 
'Zone of Laurentian rocks, will show the presence of Huronian iron 
ores. There have this year new surveys been made along the branch 
line of the Pacific railroad which runs along ~he Mississippi, extending 
further toward the north. I hope by this means to learn of interest. 

"Report of Henry Eames 1866, p. 11. 

".C,'edner: Zeit.ehr, d, D.ut8eh, geol. G.B. 18698. 52/', 
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ing facts concerning the relationships of the Laurentian, Hur~lliall 
and Silurian rocks in the upper portion of the Mississippi valley. 

Besides the rocks and formations described above, I have marked 
upon the plate (Taf. VIII.) a' small area south from the St. Peter river 
lying between Laurentian and Huronian rocks. This small area be
longs, according to the investigations of Prof. Hall, to the Cretaceous 
formation. It is an old fresh-water basin in which has been found a 
eonsiderable quantity of brown coal. As I have not examined the 
region myself, and I know nothing further about it, I shall give here 
nothing further concerning its appearance. :Much effort has been.· 
made continually to find stone coal, or brown ·coal, in Minnesota, be
cause in a large part of the State there is a lack of forest, and there
fore of fuel. The Rmall Cretaceous area on the Cottonwood river is as 
yet the only spot where real coal-bearing beds have been found in out
crop. All former discoveries have proved to be "drift coal," or erratic 
pieces in the diluviul1l. 
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VII. 

CHEMISTRY. 

ANALYSES BY PRO}'. JAMES A. DODGE. 

Analyses have been reported by Prof. Dodge of substances for the 
survey, from Nos. 69 to 83, both inclusive, of the Chemical Series. 
This list is from the following localities: 

No. 69. Efflorescence on the surface of the ground (" alkali "), Sec. 
14, lona, Murray Co. :SIus. Reg. ·No. 3936. 

No. 70. Light-colored pipestone, or " chalk-rock" so-called, Palis
ades, Minnehaha County, Dakota, two rods east of the dam, in the 
plane of the pipestone.' Mus. Reg. No. 3896 .. 

No. 71. Light blue cakiferous sandrock, from the lower part of the 
quarry of Maxfield and Mather, Mankato, showing non-hydrated (Ull

oxidized) natural condition of the deeper beds of the Shakopee for
mation. 

No. 72. Rice Point granite, No.1 of the Survey Series. To deter
mine the alkalies and the lime of the feldspar. 

No. 73. Rice Point red granite, No.1 B, of the Survey Series. To 
determine the alkali of the feldspar. 

No. 74. Limestone, supposed to be hydraulic the equivalent of the 
shale layer at Maxfield's quarry, at Mankato. From the quarry of J. 
R. Beatty & Co., near Mankato. 

. No. 75. Light-colored, nearly white clay, supposed to be kaolinic, 
from the same place as the above, but probably Cretaceous. 

No. 76. Water from Mille Lacs, needing filtering. 
No. 77. Water of the Mississippi river' from above Minneapoli 

about one mile, right bank. 
No. 78. Water of the Mississipi river from below Minneapolis 

about one mile, right bank. 
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No. 79. Limestone of the Hudson river Group at Clinton Palls, 
near Owatonna, quarry of Lindersmith & Son. 

No. 80. Limy sediment in a layer in the till, on Nicollet Island, 
Minneapolis. 

No. 81 Ore supposed to contain copper, from near Beaver Bay. 
From T. 56, R. 8, S. W. t Sec. 22, on North river, Wieland Brothers. 

No. 82. Lime City limestone, Filmore county. Mus. Reg. No. 4099. 
No. 8:3. Conrretionary Cretaceous. Two Rivers, Morrison county. 

Mus. Reg. No. 4561. 

ANALYSES. 

Xo. 69, Chemiral Series. Museum Reg. No. 3936. 
" Alkali" Efflorescence, with soil adhe~.ing. 
Whole substance powdered, air·dried, digested with water:-

Per cent. 

Dissolved hy water......................................... 48.6 
The residue digested with hydrochloric acid:-

Dissol ved additional........................ .. . . .. . .. . . . . . . . 3.1 

Total dissolved matter of the whole substance ........ __ . . 51.7 
Portion dissolved by water contained: 

MgO, 22.5 per cent. ( 673 t 1 h t . S03' 448 " ) .. .... . per cen.' su p a e magnesIa 

Water. . . . . . . . . . . . . . .. ... . ................ not determined 
SiO .~, Fe 2 0 3 ••••.•••.•••••••••••••••••••••• , ••••••• traces 
Organic matter ........................ " •.......... traces 

The sulphate of magnesia was therefore not present in the form of 
Epsomite, as MgO, SOg, 7H2 0. 

Would require MgO, 16.26 per cent. ( 487' 8 per cent 
" "SOg, 32.52 " ~......... . 

" "7H2 0 .................... __ .51.22 " 
Portion (additional,) dissolved by hydrochloric acid contained: 

SiO 2 ................ __ •• __ •••• __ ...... 18.6 per cent. 
Fe 2 0 g, Al 2 0 3 and phosphoric acid ...... 58.3 " (mainly FesOs) 
MgO _ _ _ _ _ ... ___ . _ .. __ .... _ _ ........................... .. 20 5 " 

C aO .. . . . . . . . . . . . . . . . . .. . ............. traces 
Organic matter ....................... . " 
Alkalies.. . . .. . . .. . . .. . . ... . .... . .... . " 

The residue, insoluble 'in H Cl, fused with carbonate of soda, gave: 
Si0 2 •••••••••••••••••• • •••••••••• 75.8 
AIJO g •••••••••••••••••••••••••••• 11.1 
Fe2 0 3 •••••••••••••••••••••••••••• 2.1 
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CaO .. - .. - - - . - - .. - - . ____ ..... _. . .. .86 
MgO . __ .. __ .. __ .. __ . ___ .. __ . . . . . . .66 

Organic matter ..... __ ... _ . " .. " . . considerahle 
Alkalies. __ .. ___ . __ .. __ ' .. _ . " . . .. trace 

This residue was in fact simply a dark soil, with fragments of 
roots &c. 

Carbonic acid, and chlorides were almost wholly absent from the 
substance. Potash and soda were present in slight traees. Lime also 
wa,s present in slight truees. 

No. 70, Chemic/II 8eJ'/·e.~, Museum Reg No. 3896. 
SiO •. ___ . __ . ___ . ___ .... __ , 50.4: percent. 
AI.03 ......... __ .. ___ ..... 33.3 " 
Fe20 3 - _____________ •• ____ 2.8 " 
CaO .. _____________________ 0.6 " 
MgO ............................ _ .. .. .. .. .. .. n.17 ,~ 
N a,O .... ___ ....... _ . _ . _ . . 3.5 " 
K 20 _______ .. ___ ...... ______ 0.6 " 
HjO.. . .. .. .... .... ......................... 9.0 " 

100.97 
The composition agrees fairly with that of Catlinite, which the rock 

resemhles in physical properties except eoIor, being white with tinge 
of yellow. 

No.71. Rock, a limestone of light-gray color, containing silica. 
Ten grammes of the powered and dried mineral were digested with 

hydrochloric acid; a residue was left whieh weigh~d 1.552 gms., mak
ing 15.52 per cent. of the roek; the portion dissolved was therefore 
84.48 per cent. 

Analysis of portion dissolved by hydrochloric acid:-
Fe! Os with small amount 

of AI! Os and Si0 2 3.14 per cent., being 2.65 per eent. of whole rock. 
CaO COs 55.47" "46.86" " " 
MgO COl 39.73" "33.56" " " 

98.34 83.07 
Analysis of portion left undissolved by hydrochloric acid:-
Si02 77.9 per cent., being 12.1 per cent. of whole rock. 
AI, Os 19 24" "2.99" " " 
OaO -.34"" .05" " " 
MgO .12"" .02" " " 
Alkalies, traces . 

. Organic matter, traces. 

97.60 15.16 
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It appears, therefore, that the rock is a magnesian limestone, with 
about 12 per cent. of silica and somewhat over 2t per cent. of oxide 
of iron. ' 

<I 
No. 72. A granitic rock of bluish-gray color, from which the felds. 

pathic portion was selected (by mechanical means) as clean as possibl?~ 
This portion, which was still, however, not wholly unmixed with 
other constituents of the rock, was analyzed with the following resul£l 

8i0 2 ••••• ______ ••• _. ____ 49.78 per cent. 

A121~J 0" { . --., ... -- . 32.36 " an( [' e l 1 S 
CaO. ______ .. __ .. __ ... _ .. 11 55 " 
MgO. __ . .. _ .. __ .. __ .. __ . 
K2 0 .. _ .. __ .. ___ . ___ . __ _ 
N ti2 0. - - - . __ .. ___ . __ .. _. 
H 2 0 .. -.-- __ . _____ ... _ .. 

1.43 
A1 

3,39 
1.83 

100.76 

" 
" ., 

" 

No. 73. A granitic roek of reddish color; this was analyzed as a 
whole, the grain being too fine to permit mechanic~l separation of its 
constituentI'!. 

81 O 2 , - - .•. , •• _ • " •• __ • 

Al 2 0 s ·· .. ······ .. ····.· 

Fe 2 0 J " ••.• - • -- - •. -- - •• 

CaO .. _ .. _ ....... __ ... __ _ 
MgO . _. .... __ .. __ ... _ . 
K.O _____ ._. __ .. _______ _ 
Na 2 0 ___ .. ___ . ___ . ____ __ 

H 2 0 .. - .. - _ ... - .. - - - . - --

75.78 per cent. 
11.09 " 

2.09 " 
.86 " 
.65 " 

1.06 " 
6A3 " 
1.82 " 
99.78 

No 74. Rock a siliceous limestone. Digested with hydrochloric 
acid, a residue was left amounting to 19.67 per cent., the dissolved 
portion wa,; therefore 80.33 per cen t. 

Analysis of portion dissolved by hydrochloric acid:-
8iO 2 .27 per cent., being .21 per cent. of whole rock. 
A12 Os .15" " 11 " " " 
Fe 2 Os 3.03 " " 2.43" " " 
CaO CO, 55.62" ., 44.6S" " " 

MgO CO, 39.13" "31.59 " " " 

98.21 79.02 

*NOTTil.-The amount of OXide of iron is qnite small. 
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Analysis of portion not dissolved by hydrochloric acid;-
Si O2 18.21 per cent., being 15.29 per cent. of whole rock. 
Al2 03 18.33"" 3.61 " " " 
CaO .48"".09""" 
MgO .23"" .04 " " " 
Alkalies traces. 
Organic matter traces. 

97.31 19.03 
A determination of water in the dried powder gave 4 pel' cent. (of 

whole rock.) 

.,2'his is therefore a magnesian limestone, containing about 15 per 
cent. of silica, and but a moderate quantity of oxide of iron. It 
would appear likely to make a good hydraulic lime. No. 71 might also 
serve that use. 

No. 75. A very light-colored clay, from Mankato. This was pul
verized, without grinding up the particles of gritty matter that were 
to some extent intermixed with it; the powder was then mixed with 
distilled water, the suspended portion poured off and allowed to settle 
for a day or two; the settled portion was then collected, dried at 212°, 
and submitted to analysis by the common methods for silicates. 

8i O
2 
____________ •••• ____ • 81.7 per cent. 

AI, 0, ... __ . ______ . ___ . __ . 7.24 " 
Fe, Os ______ .. _____ . __ • __ • traces " 
CaO ______ .. ______ . __ • _ . _ .67 " 
MgO __ . ___ . ___ •. _ - . -. " . - .07 " 
K 2 0 ___ - --.- -._-- .. - ... -- .49 " 
N a20 _____ - - - - _. - - - - - . - -- 3.17 " 
Organic matter __ . _ .. ____ _ traces 
Water -_ - __ • - - _ - - - - - - - - -- traces 

99.34 

No. 76, of the Chemical Series. As received this water showed 'some 
turbidity, and had deposited a brownish sediment in the can. It was 
filtered, and a large quantity evaporated. In the course of this evap
oration a similar brown flocculent matter separated out. It consisted 
of organic matter mixed with oxide of iron. 

'rhe residue from evaporation was submitted to analysis, and found 
to consist of the following substances, in the amounts stated; 
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Silica ........... 385 per cent. of total residue from evaporation, 
Carbo lime ....... 28.07 " " " " 
Sulph. lime ..... .95 " " " " 
Carbo Mag ...... 28.62 " " " " 
Oxide of iron ~ ... 1.26 " " " \ " 
Carbo potassa ... 3.03 " " " " 
Carbo soda ...... 11.09 " " " " 
ChI. sodium .74 " " " " . -- . 
Organic matter .. 22.40 " " " .' 

The weight of the residue from a given quantity of water was found 
to be in the proportion of about 10 grains to the gallon. Reckoning 
the above specified constituents in grains per gallon, I found:-
Silica .. _ .......... _ .......... _ .... _ ..... - .2499 grains per gallon 
Carbonate of Lime. __ ... _ ........... _ .... 3.1355 " " 
Sulphate of Lime. __ ...... __ .. __ .. ___ . _ . .. .1051 " " 
Carbonate of Magnesia ...... __ ... _____ ... _ 3.1589 " " 
Oxide of Iron .. _ . _ .... _ . _ .•...... _ . . .. .. .1:389 " " 
Carbonate of Potash. __ .. ___ " ... ,.. ... .. .:3346 " " 
Carbonate of Soda ..... __ .. __ ... _ . " .. ___ . 1.2241 " " 
Chloride of Sodium ...... _ .. _ .... _ ....... _ .0817 " " 

Total Mineral matter. ............ __ . _ _ 8.4287 " " 
Organic matter .. __ . __ ..... __ . _ .... . __ ... 2.4458 " " 

Total residue .. __ ... , .. ______ .. __ . __ " 10.8745 " " 
In regard to the above figures, it is to be noted, that the amount of 

solid residue taken as a whole is not great, compared with that from 
many waters in this State; that the amounts of lime and magnesia 
(existing in the water as bicarbonates,) are but moderate; that sulph. 
ates and chlorides are almost wanting, and that the water is .alkaline, 
by virtue of the presence of the carbonate of potash and soda. Upon 
concentration of this water, in a platinulll dish, a ready and decided 
test is obtained by litmus and turmeric papers. 

Further, it was found that nitrates and phosphates are absent. 
No special examination of the organic matter was made. 

Nos. 77 anrl 713 of the Chemical Series. 

MINNEAPOLIS, MINN., March 13, 1882. 
PI·nf. N. H. Winchrll.-

DEAR SIR :-1 hereby report the results of my analysis of the water 
of the river made at your request with a view to determine what dif~ 
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ference might show itself in the water above and below the city. Two 
$~ples were procured, at the same time and in the same manner, the 
one (No. 77,) at a point on the west bank about half a mile above the 
upper bridge, (Plymouth Ave.,) and above all apparent considerable 
sonrces of contamination, the other (No. 78) at a point, also on the 
west bank, below the brewery, at the small grove near the Fair 
Grounds. 

These two samples of the river water have been submitted to pre
cisely the same course of analysis. A quantity of each sample, 
amounting to eight litres-somewhat over two gallons-was evapo. 
rated to dryness, and the composition of the residue ascertained. In 
addition, the method of determining organic matter in water by the 
distillation process of Wanklyn, was applied to each sample of water. 

The samples of water were procured by me about the 20th of De
cember. They were immediately filtered, and kept in suitable glass 
vessels; that part of the work of analysis which needed to be done 
without delay, in order to avoid the effects of l:hange in the water by 
keeping, was done. The remainder has been carried on with other 
work during great part of the winter. 

1. Composition of the residue from evaporation of the water of 
the river above Minneapolis :-

Silica. Si 0 2 . - - . __ . . __ ....... - ...... - - . 
Carbonate of Lime, CaO CO2,,. _ .. __ ... . 
Carbonate of Magnesia :'\lg0, CO2 ...... . 
Carbonate of Iron, FeO CO2 ..... __ .. - --
Chloride of Sodium, N aCl. __ ... _ .. _ - .. -
Potash, K 20. ___ . __ .. _ ... __ ...... _ - - .. . 
Soda, N a2 0 . __ .. __ . '. .. _ .. ___ .. - - .. - - . 
Sulphuric Acid, S03 . __ .. _ ... - - ...... - - -
Nitri~ Acid, N 205.: _ ... _ .. __ .. __ .. - - ... 

Total Mineral matter in the residue _. 
Organic matter ..... __ ... _ .. - - .. - - .. - - .. 

.78256 grains per gallon 
6~39532 ,/; 
3.15307 " 

.05504 " 

.16352 

.10162 
.17462 
.16445 

traces 

10.99020 
1.40228 

" 
" 
" 
" 

" 
" 

" 
" 
" 

Total Min'l & Organic m't'r in residue 12,39248 " 

2. Composition of the residue from evaporation of the water of the 
river below Minneapolis :-

Silica, SiO 2 •• - ••• - •• - - ••• - •• - - ••• - •• - - • 

Carbonate of Lime, CaO CO 2. - _ .. - _ .... 
Carbonate of Magnesia, MgO CO2 , - _. -

Carbonate of Iron, FeO CO2. - _ ... - .. - _. 

.97090 grains pel' gallon 
6.13722" " 
2.42827 

.15560 
" 
" 

" ., 
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Chloride of Sodium, NaCl ............. . .18408 " " 
Potash, K 20 ......................... . .1582.6 " " 
Soda, N a20 ........................... . .15126 " " 
Sulphuric Acid, S03 ................... . .17462 " " 
Nitric Acid, Ns0 5 .•••.••......••..••... traces,more than in No.1 

Total Mineral matter in residue...... 10.36021 grains per gallon 
Organic matter ....... ~ ................ 1.96219" " 

Total lVIin '1 & Organic m't'r in residue 12.32240" " 

3. Results of W anklyn's method for determining the organic mat· 
tel', in' wat.er from above city:-

Free Ammonia, .0175 milligrammes per litre, 
or .0175 parts per million. 

Albuminoid Amonia, .0625 mgm. per litre, 
01' .0625 parts per million. 

4 .. Results of Wanklyn's method for determining the organic mat
ter, in water from below city:-
Free Ammonia, .0266 parts per million. 
Albuminoid Ammonia, .1550 parts per million. 

I would like to call attention to the following points: First, the 
amount of matter, mineral and organic together, differs but little, in 
the residue,; from the evaporation of the two waters; but the amount 
of organic matter in the water from below the city is appreciably 
larger than in the water from above; on the other hand the amonnt 
of mineral matter is larger in the water from above. This latter re
sult was to me wholly Uliexpected, but I am certain of its correctness. 
The water of the river below contains a little less carbonate of lime 
and magnesia than the water above. The difference, however, is 
wholly immaterial in a practical point of view, and may be accounted 
for by the influx of several creeks which bring in softer water than 
the river; also by the consideration that what lime finds its way into 
the river from factories and from masons' use, may serve to precipitate 
a small part of the carbonate of lime and magnesia that are in the 
river. Second, the difference in the amount of organic matter in the 
two samples, is quite material, in sanitary respects. The results of 
the determination of free ammonia and albuminoid ammonia are such 
as to place the water from above the city under the head of good 
drinking water, while that from below would be excluded from that 
class. It is to be observed that the water below shows somewhat more 
of all ingredients except lime and magnesia. In the case of nitrates, 
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a quantitative determination could not be made. Qualitative tests 
.showed somewhat more in the water below. 

Very respectfully, 
JAMES A. DODGE. 

Chemical Series, No. 79, a Siliceous Limestone. 

Soluble in hydrochloric acid:- Insoluble in hydrochloric acid:-
per cent. of 
whole ruck. 

per cent. of 
whole rock. 

Silica .. _ .. ___ .. __ .. _____ 2_88 Silica ... ______ . __ . _______ 10.74 
Oxide of iron .. _. ,_ ... ___ . _ 2.56 Oxide of iron and alumina. .80 
Calcium carbonate ____ . _ _ _ _ 58.09 Lime. _ . ___ . _ . ___ . __ ..... _ traces 
Magnesium carbonate. _____ 19.90 Magnesia. _______ ... _ . ___ . .63 
Alkalies _' . ___ . __ .• ___ . ___ traces Alkalies ________ .. _ _ _ _ _ _ _ _ traces 
Sulphric acid _ ... _ ... __ .. _ traces Organic matter. ___ . not determined 

83.43 15.17 

Chemical Series No. 80. 

Calcareous rock, with iron pyrites distributed through it, and hav
ing a vein mainly of pyrites. 

Main rock :- Vein :-
Assayed -! oz. gold ~ t Assayed 1 oz. gold ~ 

.1 - '1 per on. 1'1 per ton. 
TO oz. Sl ver To oz. 81 vel' 

Ohemical Series No. 811 Calcareous Layel's in Drift, Nicollet Island. 

Soluble in hydrochloric acid:- Insoluble in hydrochloric acid:-
per cent. of per cent. of 
whole rock. whole rock. 

Oxideofiron_. ____________ 2.69 Silica and silicates ... ___ .. 35.53 
Calcium carbonate __ . __ .' 55.55 
M~gnesium earbtmate __ . _ 4.95 

63.19 

Chemical Series No. 82, Limestone. 

Soluble in hydrochloric acid: - Insolu ble in hydrochloric acid:-
per cent. of per cent. of 
whole rock. whole rock. 

Oxide of iron .. _ . _______ . _ . .73 Silica, etc .. __ .. __ ..... ___ . . 4.57 
'Calcium carbonate ______ ., 70.53 
Magnesiumcarbonate_. ____ 23.49 

94.75 
Chemical Series, No. 83. A siliceous rock, to a great extent soluble 

in hydrochloric acid. 
14 
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The rock was analyzed as a silicate, and its composition found to,Ji'G 
a" folloWR : - .. 

Silica ___________________ _ 19.81 per cent. 
Al umina _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 52.4:3 " 
Oxide of Iron ___________ _ 1.32 " 
Calcium Carbonate _____ _ 1.64 " 
Soda. _ _ _ _ _ _ _ _ _ _ _ _ ______ _ 0.44 " 
"IV a tel' _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ 23.23 " 

98.87 
In appearance this rock bears a considerable resemblance to com~ 

pact gray limestone. Its harclnes:,; is a little less than that of lime
stone. 
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VII. 

THE GEOLOGY OF 'l'HE DEEP WELL DHrLLED BY C. C. 
WHELPLEY AT .MI~NEAP()LIS, AT THE 

,. C" WASHBURN ThULL. 

BY N. H. WINCHELL. 

(READ BEFORE THE MINNESOTA ACADEMY OF 8CIEN('ER, .JANUARY, 1882.) 

I have just seen for the first time the l~ecOl'd und drilliugs of this 
well (Dec. 1881), though the well was drilled some years ago, and the 
record and drillings were preserved at my request. The set sent me by 
Mr. Whelpley was lost in some way by being miscarriecl. The set on 
which these notes are based was encountered in the late moving of t.he 
effects of the Academy to new rooms, and I take the first opportunity 
to bring before the Academy what I deem important information COll
cerning the strata that underlie the city, derived from an examination 
of this tube." 

In order to appreciate the bearing of the new facts on the geology 
of the region, it will be necessary to review briefly the former knowl
edge we had of the strata underlying the city. In the report of the 
geological survey for 1876, will be found a descriptioll of the geology 
of .Hennepin county, by which it will be seen that the strata of the 
Lower Magnesian formation, represented by the Shakopee limestone 
extends under the St. Peter sandstone, occupying, conjecturally the sur
face of the western and central parts of the county. In the same report 
is ilL section of the deep well drilled in East Minneapolis, as furnished by 

. tl!.e city engineer, Col. J. B. Clough, the designations of the strata be
, ing his, or of the party who drilled the well. The drilIings of that 

.. ' w!ell were not preserved, and it was found impossible to verify the des 
'f;gnations by a comparison with them. It will be seen by that bection 

i". ;, *'&e. drillings from the well were exhibited in a glass tube abollt three reet long, ill the onler of their 
:.!!11I~ ill the strata. 
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that a " red limestone" was reported as penetrated, beginning at 234 
feet and extending a depth of 102 feet farther. Under this is reported 
a " gray limestone. " Below these, followed alternating, gray and white 
sandstones and shales with some sandy limestones, to the depth of 1074 
feet. At that point the drill entered a red shale and sandstone which 
seems to have varied very little, if any, up to the time the work ceased 
at a clepth of 1421 feet. This red shale and sandstone is the same for· 
mation in which the deep well stopped at Belle Plaine, and at other 
places in the State, the equivalent of the red shales of the Lake Su· 
perior region, the probable true Potsdam of the northwest .. The well 
reported by Mr. Whelpley only goes to the depth of 205 feet, but as the 
drillings are presented with the recorded designations, it throws light 
on the geology of this part of the State which has a bearing on the 
proper interpretation of the deeper well of 1874. It is as follows, as 
given correctly by Mr. Whelpley: 

'1. Pea ty black soiL __ ... _ ... _ ...... __ ... _ .... ,. _ . 
2. 

3. 
Drift sand and stones .......... _ ........... _ ... . 
Limerock, (gray and blue) ..................... . 

4. Blue clay, (shale) ..... __ ............... _ ...... . 
5 .. White sandrock ............. __ ... _ .. _ ........ _ . 
6 .. Yellow sandrock. __ ........................... . 
7. White sandrock .. _ .......... __ ................ . 

2 feet 
8 " 

2:1: I' 

2 " 
44 " 
7 " 

41 " 
8. Yellow sandrock. .................. ........... 3" 
9. Fine, white sandrock .... " _ ............. " .. _ .. 

10. Yellow sal1drock ...... _ ....... _ ....... _ ....... . 
11. White sandrock ..... __ ... _ ... _ ..... " _ ........ . 
12. Pipestone clay, reddish brown .......... " ... __ .. 
13. Coarse, white sandrock, (water to top of ground) .. 
14. Coarse, gray sandrock. __ ....... _ ........... _ ... 
15. Hard, gray sandrock .. _ ............. " .... _ .. _ . 
16. Red rock, (grit) penetrated only ........ ' ..... _ .. 

Total depth ...... _ ... _ .. _ .. __ ....... _ .. _ 

22 " 

5 " 
2 " 
2 " 

21 " 
17 " 
4 " 
1 " 

205 " 

( On comparing these records it will be seen that the former well pen
etrated the two feet of pipestone clay at about the q,epth of 197 feet 
(of its own record,) without any notice being taken of it. This sup
position is more probably correct than that this clay was not encoun-. 
tered, judging from a general looseness of designation that seems to 
pervade the earlier part of that record and from the nature of the , . 

stratum and the proximity of the wells to each other (about one
third mile apart). Furthermore, the record of white sa~drock contin-
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ues alike in each well down to the depth of 204 feet in one, and 234 in 
the other, which. calculating from the top of the Trenton limerock , 
~makes the" red rock," in one well (Whelpley's) appear at 196 feet, and 
in the other at 11-11 feet. . This show~ that there could have been no 
fluch disturbance in the bottom of the ocean as to have changed the 
detritus and caused the omission of the pipestone clay in the East Min
neapolis well; which is also indicated by the fact, that the pipestone 
clay was extensive enough to confine under hydrostatic pressure, a 
volume of water which rose at once to the surface of the grouud on 
being pierced by the drill. 

All the sands underlying the blue clay below the Trenton limestone 
are essentially the same in character, being composed of rounded 
,grains of pure quartz. These grains differ in size, the largest being 

: about as large as a mustard seed, and the smallest too minute to dis
tinguish with the unaided eye. They diffe:r in color somewhat, passing 
from a pure limpid glass to snowy white, and to a buff color, and to a 
smoky gray. These colors are not due to the cement in which they 
were enclosed, but to an actual difference in the quartz itself. This 
difference of color implies some change in the source of the material, 
and suggests the enquiry whether that change were not in the waters 
'Of the ocean rather than ·on the land. On the supposition that this 
pure quartz were the result of chemical precipitation, these different 
eolors in the 'same formations are easily accounted for by such changes 
as may have occurred in the ocean by shifting currents, allowing the 
mingling of certain other substances in solution, with the precipitated 
silica so as to stain it as it is. On the supposition that this sand is de
rived from the preexisting land as a sediment of detritus, it is very 
difficult to understand how such a source of pure silica, almost abso
lutely free from other sand and impurities, could be obtained and dis
seminated as widely as this sand is known to extend, and to change its 
inherent color from time to time. 

The pipestone clay No. 12, is undistinguishable from similar clay 
and shale seen in the Potsdam formation at Fond du Lac. It is some
what schistose in one of the fragments, and also has spots of green 
similar to the green spots seen in the same clay at Fond du Lac. In 
its schistose character it resembles some of the schistose,soapy, clays 
Seen in the formation' at Baraboo, Wisconsin, and at Sioux Falls, Da
kota. It generally is a shale and has an angular fracture. In the 
midst of one of the fragments is seen a little grit cemented by the 
~iJ,me substance that cements the red rock of No. 16. 

No. 16, which is the. red limestone, so-called, of the East Minneapo-



214 TENTH ANNUAL REPORT 

lis well, has not any of the qualities of a limestone. It is a coarse, red 
grit-stone, or arenaceous felsite, the grains being pure white silica, 
and the cement itself an amorphous red feldspathic substance seen to 
result in many cases from incipient metamorphism vf the ~hales of the 
formation, disturbed by igneous eruptions, at Lake Superior. In other 
words it is a layer of the red quartzyte for~llation seen at New Uhn 
and at Baraboo, Wisconsin. The East Minneapolis well found this 
layer to be 102 feet thick, and to be underlain by other sands and 
shales, some of them being blue and gray to the thickness of 722 feet. 
Thus we find an interbedded red qnartzyte in the Potsdam formation 
.c;imilar to those seen in the same forlllHtion in the Black Hills, and in 
several other places in the Rocky Monntain region. 

I wish to call attention particularly to the occurrence of the red 
pipestone clay No. 12. This shows that the continuance of the dis· 
turbing causes, centering in Hnd radiating from the region of Lake Su
perior, were still able to send a muddy agitation through the ocean 
sufficient to deposit a copious red sediment to the exclusion, almost 
entirely of the white quartz. This is within 127 feet of the bottom 
of the Trenton formation, and as nothing but white sandrock separ
ates it from the Trenton formation, it demonstrates the absence of the 
entire Lower Magnesian formation. Thus we find the T.rentoll· 
brought into contact with continuous white sandstone heds, which are 
shown, at. least below 127 feet, to belong to the Potsdam formation. 
How much of this 127 feet may be of the St. Peter it is impossible to 
state, hecause there is no change in the character of the sandrock, but 
it is just as reasonabl" to suppose that the Potsdam continues upward 
to the Trenton at Minneapolis, in the same manner as it is reported to 
in Eastel'll Miehigan, as to suppose the St .. Peter sandrock, which is 
well known to exist hetween the ShELkopee and Trenton further south, 
is brought on to the Potsdam, because in both cases it necessitates 
what might be styled an invisible uncollformability between the Pots
dam and the next overlying formation. 

The question naturally arises-in what part of the Potsdam forma
tion do these white sandstone layers ))elong? The answer must be, 
near the top, and probably quite at the top. TJiis is evident from 
three considerations: First, there is an immense thickness of red 
sandstones and shales underlying them, as demonstrated by the East 
Minneapolis and by other wells in the State, which m~st' belong to 
the formation, and which are the equivalent of the Lake Superior red 
shales and sandst.ones. Second, but a small thickness of sandstone 
supervenes before the Trenton formation is found overlying. These 



215 

upper light sandstones must be older however than the layers which at 
'Taylor's Falls lie unconformably on the trap rock, since there the for
mation had progressed far enough to admit of animal life, and dolomi
tic beds; and .it is likely that the period of upheaval exhibited ahout 
Lake Superior had entirely ceased before the deposition of the Taylor's 
Falls sands and dolomites, setting off those and all succeeding layers 
into an era of comparative quiet. 

In order to make the relations of these wells to each other, and to 
the geology of the region more evident, they are placed heside each 
other in perpendicular section, in figure No.3. 
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Eq;planation of Fi,qure 3. 

1: Drift .. - .. - - .... " . " . " .. - " " - - " .. - " .. " " " " ....... " 
2. Trenton limestone .. _ ..... " .. " .. _ .... " .. _ .... __ . 
's. Light, crumbling sandstone (St. Peter?)". _ .. "" . " 
4. Brown-red pipestone clay .. _ ... _ .... _ " ." . _ " " _ .. . 
5. Potsdam sand. __ .... " .. _ .. -' ..... " " ..... " ..... . 
6. Red quartzyte, Potsdam ... " ... " .. __ .... " . __ ... _ . 
7. Light-colored Potsdam sand and shales .. _ .... __ __ 
8. Red Potsdam sandstone and shales, at least ..... ". 
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10 feet. 
24 " 

125 " 
2 ~, 

42 " 
102 " 
722 " 
347 " 
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VIII. 

. PAPERS ON THE CRUSTACEA OF THE FRESH WATERS 

OF MINNESOTA. 

BY C. L. HERRICK. 

I. Oyclopidce 0/ Minnesota with notes on othet' Copepoda. 

II. Notes on 80me j'llinnesota Cladocera. 

III. ,On Notodrmnas and Cambarus. 



[NOTE.-The ~uthor feels it bllt .ill.hoe to himFelf to state that part of the material here presenteil 
has been in its present form for some time. 'rhe work was beglln ill. 1879.] 
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I. CYCLOPIDJE OF MINNBSOTA, with notes on other Oopppilds. 

CALANIDlE. 
It eems that recent authors have Rufficient ground for uniting the 

families Calanidre and Pontellidre under the single name; the value of 
these terms as subfamily names even may he questioned. 

The family is represented in our limits by two genera and by three, 
or doubtfully more species. . 

The fifth pair of feet furnishes, hy its modifications, the hest criteria 
for distinguishing genera and species. 

Genus DIAPTO'l\IUS. Westwood. 

Body elongated, compressed; hear! destinct from the thorax, anterior 
antellnre 25-jointed, those of the male geniculate on the right side; 
posterior alltennre and mouth parts as in Calanus,. iuner branches of 
all the swimming feet three-jointed except the first, which is two
jointed; fifth foot consisting of two unequal branches, prehensile; 
abdomen of male with five-joints, of female t.hree-jointed. 

DIAPTOMUS ('ASTOR. 

(Plat.e I, figs. 1-7, Plate II, figs. 1-2, 16.) 

Bibliog mphy. 
Monoculus castor, Jurine. 
Cyclops castor, De.~m((rest, Baird, Mag. Zool. and Bot. 
Cyclops creruleus, Mullet·, Latreille, Bose. 
Monoculus creruleus, Fabricius, ]{alluel, Gmelin. 
Cyclops lacinulatus, Muller, Ramdohr, Latreille, Bose, Baird, Trans. 

Beow. club. 
Monoculus lacinulatus, Manuel, Gmelin. 
Cyclops rubens, Muller, Latreille, Bose. Baird. 
Diaptomus castor, Westwood, Baird. Baker. 
Cyclops ina castor, M. Edwards, Baird, Claus. 
Giancea rubens, Koch, Deutschlands Crust. 
Glaucea crerulea, Koch, "" " 
Diaptomus castor, Baird, Brit. Entom. 

Clctus, Die Freilebenden Copepoden. 
Lilljebm'g, De Crust, ex ord. trib. 
Lubbock, Trans. Linn. Soc. 

westwoodii, Lubbock," " " 
castor, Ffic. Die Krustenthiere Bohmens. 
castor, Brady, Brit. Copepoda. 
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The above bibliography is complete only up to a comparatively re
cent date; many notices may be found in recent literature. 

The species which, after careful study, has been considered identical 
with the European D. !'astor is that describe.d previously as D. longi
cornis with the remark that it might prove too near D. casto)'. D. san
guinl'us, Forhes, seems to be the'same thing nearly. If the amount of 
variability admitted hy Bn1dy to prevail is allowable I see 110 reason 
for separating this species. It. is very variable as to size and colora
tion, and even in the configuration of some of the parts, as antenn::e, 
etc., a certain amount of latitude is to be given; (See plates of Claus, 
Zur Allatomie und Entwicklungs-geschichte del' Copepoden Arch. f. 
Natnrg. XXIV .Jahrg., B 1.) T1'/f;-r\'\r; cm. in length. The following 
points are varia hIe :-length of candal styl~ts, structure and thickness of 
male genicnlating antenna, size of claw of fifth male foot and spinous 
armature of feet. How far such variations may extend and how much 
they are dependent on peculiarities of habitat, etc., farther study must 
demonstrate. Some interesting facts meanwhile are suggestive, A 
,;econd and gigantic form which may he known as 

Diaptomus giganteus. 

(Plate II, figs. 3-11-15.) 

with the reservation that it is doubtfully of more than va~:ietal value, 
was found under such circumstances as to suggest that it might be 
only a curiously magnified condition of D. castor. It is known tio 
occur only in a small marshy pool of about two square rods extent and 
which annually dries up nearly completely. A few yards away is a 
second pool of a somewhat greater size and which less frequently dries 
up in summer. These two pools within the memory of the writer 
were united, but in the gradual dessication which has been observed in 
all Minnesota, they have heen isolated. The former pool in June was 
found to contain mature males and females of the D. gi,qanteus only, 
few other copepods being present, while the other pool contained all 
8ta,qe,~ of the common D. castor. '1'here are no neighboring waters, the 
nearest heing half a mile, and that (L. of Isles) has only D. castor. 

The smaller pool soon completely dried up so that this form was, for 
the time, exterminated. The conclusion seems almost resistless that 
the stagnation incident to evaporation produced circumstances favor
able to the development of this enlarged form. At any rate it i!i an 
iuteresting fact in local distribution. 

This variety is 100 cm. long or more, and is much the largest fresh 
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water copepod known to me; it is a deep reel in color and very COlll

pactly framed. Although so much larger than D. ca"tor, it is almost 
impossible to find any structural difference:>. The male fifth foot dif
fers somewhat, but mainly in the enlargement of one part at the ex' 
pense of the others. The thorns on the feet are "trollgly pectinate 
and the larger ones bear short spines instead of bristles. 

Diaptomus armatlts, "p. n. 

(See accompanyiny cut.) 

A second form is imperfect.ly kno"ivn, but pl'esel1ts~ollll' df'arly 
marked distinctions wInch may have specific value. 

Length about as D. castor; body sleuder; antellme reaching hase of 
abdomen only; female differing otherwise but little from D. castor ( ?); 
male considerably smaller; caudal stylets narrow; Hnt,enme peculial-, 
shorter than the body; thickened portion of the geniculate antenna 
short; two last joints very short; one preceding tb e second long, hear
ing a hook at end; fifth foot wit,h a very long claw to longer ramus 
(nearly as long as the ramus itself) with a t,oot,h on the inner margin 
near the base, not perfectly arcuate, reaching, when extelldec1, to end 
of caudal setl'B. 

Fig. 1. 

Diaptomus armatus. 
a. part of male antenna. b. fifth foot~of male. 

Genus POTOMOICHETOR," Gen. nov. 

Cephalothorax six-jointed as in DiaptoJl1l1s, hut .w,ith th~ ~istal, seg
ment more evident; abdomen, in the male, five-Jomtec1, zn the .female 

*River inhabitor, 
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jOul'.joillted; antenn::e twenty-foUl' jointed, the right geniculated as'i~ 
Cent t'oprtges (=1 chthyoph01'hia); first pair of feet with the rami both 
tln'ee-jointed, like the following; feet of the fifth pair, in the female, 
like the preceding, but with a spine of the joint preceding the ter
minal one enlarged and di varicated somewh at as in CeJltropa,ges; in the 
male, tlle right with a two-jointed outer ramus, the terminal joint of 
,yhich IS spined and bears near its base a blunt expression of its inner 
margin; outer ramus of left foot three-jointed, armed with unequal 
spinet>; inner hranche" smaller, similar, three-jointed; the terminal 
joint hearing curved spines; ovary and testes as in Diaptomus, with 
which the mouth parts agree III the main; eyes mediulll, confluent; no 
l()wer ur secondary eye-spots. 

POTOM()IPHETOH FUCOSU~, sp. nuv. 

(Plate II, Figs. 12-U. Plate III, Figs. 1-8, 13-14.) 

l1ather ~lender, and in size. as well a:;' general appearance, resembling 
the ~lllaller forms of DiajJtolnlls ca,tor .. antenn::e rather stout, reaching 
hut little heyond t,he feet, appendaged as in D. rasfor, in the male 
strongly geniculated, but somewhat variously so; the six joints pre
ceding the terminal four are thickened; those preceding the joint or 
hinge are arcuate on the dIstal margins; the secondary antennffi are 
ahout a" in Diaptolllus; mandibular palp two-branched; the outer three
jointed, the inner two-jointed: the terminal joint of the shorter branch 
hearing seven set::e, of the other four, the proximal joint of the former 
with three stout spines; the maxill::e nearly like Diaptomus; the pro
cesses have respectively the following numbers of set::e: the basal 
plate eight, the small process at base of posterior branchial appendage 
one, the appendage itself twelve, terminal portion three groups, first 
containing nine, the second three and the third four or five, the upper 
of the anterior processes two and the lower three; fifth feet nearly like 
the others in size; the right in the male having the outer branch but 
two-jointed by the coalescence of the two outer to form an arcuate 
anrl deformed appendage armed at the end with three stout equal 
spines; corresponding branch of left foot three-jointed; the terminal 
joint hearing three unequal spines, each of the preceding but one; 
inner branches similar, thr~e-jointed; terminal joint being short and 
armed with three short lan~eolate setm and three longer ones, two of 
which are curved so as to be slightly prehensile; fifth foot of female 
with both rami three-jointed; inner ramus lUuch smaller; antepenult 
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segment of the outer ramus extending into a large lanceolate process; 
ova sac long-elipsoidal reaching to nearly the end of caudal setal. 

This species prefers running water or estuaries of streams. Crow 
river, Meeker county, and a brook between Minneapolis and St. Paul. 

NOTE ON CANTHOCAMPUS. 

Claus says (F,'eilebenden Copepoderl, p 121) that he cOlllclnot find the 
coiled "shell gland" in Canthocampus, though it is described by Leydig. 
I have found it in a European species, (C. minutus?) and think it con
stant. Canthocampus also has a singular area of nervous hairs upon 
the forehead, and in the same situation, pits which seem rudimentary 
eye-spots and sometimes appear to be pigmen Led. The pentagonal area 
mentioned is bounded by a raised line. 

CYCLOPIDJE 

Contains five genera, viz.: Tlwrellia, Cyclop.~, Oithona, Lophollh
DrUB and Cyclopina; passing, by the genera Misophria and Pseudocy. 
clops, into the Calanidm or marine cope pods. The affinities of these 
little studied genera need further study, as they are very interesting, 
the question being still open in how far the cyclopoid forllls fLl'e altered 
by adaptation to saline habitat, if such an adaptation takeR place at all. 

The following is Brady's definition: 
Cephalothorax ovate and usually much more robust than the abdo

men; anterior antennre seldom longer than the cephalothorax, those 
of the male alike on both sides and modified for the purpose of clasp
ing: posterior antennre branched (i. e. palpus wfLnting); palps of 
mandibles and maxillre usually well-dev~loped; foot-jaws mostly less 
developed than in CalanidU!; first four pairs of feet as in Calanida', 
fifth pair rudimentary, alike in both sexes, and usually one-jointed; 
ovisacs two. 

15 
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Fig. 2. 

A Cyclops with abnormally pectinated caudal setal. 
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Genus CYOLOFS • 

. Brady well says of thls gellUS: "As regards discrimination of c;pecie::: 
it is, perhaps, the most dillicult and puzzling of all the Uopepocla." 
He also states that .' the only safe rule in this state of things is to ac
cept no specimens as types which do llot show al1longst them ova
bearing females.' ~ It is necessary, hqwever, to limit the mattei: more 
closely, as will be shown farther on, for not only do iUllllHtme female;; 
become fruitful even while the ltlltenlHD are yet incompletely developed, 
but the species are subject to a sort of dimorphism which it is interest
ing to parallelize with that in the male:; of 0o'/llbItrUIi. 'r11e tlpecies are 
all fresh-water, so far as it is at pre:;ent known, though it may be that 
salt-water forms exist under other names. 

The characters of the family with some limitations apply to the 
genus. 

The following specie:; are probably but few of those whi.ch uc,-,ur 
even in Minnesota, but they are so dearly defined, fur the mo:;t part, as 
"to be unmistakable and their description it is hoped will form a fOHmla

tion upon which to lay later st ndy.-O bsernl,tiolls extend over a term 
of about foUl' years. 

Specie.'j with lieventeen-joillted ~lnten/l(e. 

CYOLOPS TENUICOltNID, Claui:l. 

lJi bliog J'ltphy. 

Plate VI, figs. 1-11, 20. Plate V, fig. 14. 

Cyclops tenuicornis, ULaus, Das Genus Cyclops. 
Die Frei-Iebenden Copepoclen. 

Sal's, Oversigt at' de Indenlandske. 
Ferskvands Copepoder. 

ULjrtnin, Reise in Turkestan. 
Brady, British Copepoda. 

Cyclops signatus, Koch, Deutschlands Crust. 
G. O. Sarli. ULjanin. Erady. 

Cyclops coronatus, Claus. Fric. 

We feel confident that the two forms distinguished by Ulan:; as ( 
coronatus.( =signatus) and C. tenuicornis should 00 united, as the only 
:distinction which is at all reliable, is the knife-like serrated ridge on 
the last joint of the antennre: 'The last joints are frequently longer in 
tenuieornis form, as are the stylets in eoronatu8, but this varies. In tht' 



228 TENTH ANNUAL REPORT 

saUle gathering (for in so far as we have observed they occur together 
where circumstances permit a full development,) the coronatus-form is 
larger and carnes more numerous eggs.. No young with the serrated 

. antennre have been seen, though searched for diligel!tly. On the other 
hand young forms of tenuicornis abound, and we have seen females 
with incompletely grown antennoo with egg-sacs. In view of these 
and similar facts, we feel justified in considering co/'onatus probably a 
post-imago ot telluicomis. 

Cephalothorax broad; abdomen rather slender; antennoo reaching 
about to base of throax, attenuated at the end; terminal joint with a 
knife-like ridge; formula - ----' '--' - :::: ......, - '-" '-' '-' '-" ....... '-' '-' - -
-i fifth foot composed of a long basal joint bearing a long spine and 
a terminal three-spined division; caudal stylets over twice as long as 
last abdominal segment; setoo all nearly terminal, inner one much 
longer than usual, length 1~ cm. 

Common in America, England and continental Europe. 

CYCLOPS ATER, 11. sp. 

(Plate III, figs. 9-12.) 

Length about 1",1 cm; antennoo al:llong as cephalothorax, 1~~ cm., slen
der and gradually tapering; formula* -:::: '-" - -- '-' _ ...... ......, '-' '--':::: 
:::: '-" - -- --; terminal joints rather short; the last joint furnished 
with a knife-like ridge as in tenlticornis; second antennoo much as ill. 
tenuicornis; maxillipeds rather large; fifth foot one-jointed, armed with 
three suhequal spines; abdomen rather short, last segment very short; 
stylets somewhat elongated; setoo rather short, lateral seta near the 
end; eggs pale; color deep blue or gray. 

This beautiflill and very aistinct species is found in " Nt ud Lake" in 
Hennepin county, with OyclOp8 signatlts. The large very dark cephalo
thorax and shortened abdomen make it conspicuom. The one-jointed 
fifth foot, shape of the operculum vulvm in connection with the short· 
ened joints of antennoo and characters of the caudal stylets, make the 
species sufficiently distinct from any other. 

CYCLOPS INGENS, sp. nov. 

(Plate IV, figs. 1-8.) 

A large species perhaps too near C. gi.gas., or C. brevicornis Claus, 
but differing from the former as to the length of antennoo and stylets 

*N?T.,. The accent. ma.rk. are used to signlry that jl)lnts l'epresented by them (counting from ba") 
al'e either long -, short '-', medIum ",. 
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and in not having the distal margins spined (except in some eases?) 
and fro 11 the latter in size and arrangement of caudal seta). 

Thorax large; abdomen rather slender; sty lets rather sle11(ler with 
the lateral seta well towards the end; second and third set;e illone 
long, weakly pectinate; last joint but one of abdomen sometimes 
toothed along the distal, under margin; maxillipeds UB in C. gigas; 
jaws with large teeth; antenna) very shod not reaching to the hase of 
the first cephalothoracic segment; formula - :: "--'" - :: '-' - "--'" "--'" "--'" 
'-' '-' '-" '-' '-" .::..::.; fifth foot two-jointed, the proximal joint very 
broad with a strong spine, second joint cylindrical with a long seta 
and a very short spine near the end; operculum vuiva) somewhat 
heart-shaped; egg sacs oval-elongated, reaching heyond the end of ah
domen; length looo cm. including stylets and setal. 

This is one of the largest and finest as well as rarest of Olll" forms 
and loves, as it appears, lakes having outlets. 

Small forms with seventeen-jointed Antenna:. 

CYCLOPS NAVUS, sp. nov 

(Plate V, figs. 6-13-15-17.) 

Closely related t,o Cyclops pulchellus, Koch, and to Cyclops stI"C)WUS, 
Fischer. 

Rather slender; abdomen long; sty lets about three times as long as 
last segment of abdomen; lateral seta rather stout; outer and inner 
terminal setal minute; middle ones of moderate length; antenna) short, 
reaching barely to or but little beyond the end of first segment; for
mula - ~ '-" - :::: '-' - '-' '-J "--'" "--'" "--'" '-' '-" .::. ~ ~; fifth feet two
jointed, terminal joint large, with two considerable spines; operculum 
vulVa) of peculiar shape; length 110\ cm. excluding setal. 

Quite abundant and perhaps passing into the following. 

CYCLOPS PARCUS, sp. nov. 

(Plate VI, figs 12-15.) 

Almost exactly like the last but not yet found in the same waters. 
Distinguished by the broad and short basal joint of the fifth foot. 
which extends into a process carrying a spine, the slender secourl joint 
with a single long spine and a short thorn, and by t.he oval shape of 

the operculum vulVal. 
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The eaulbl setre are naked for about a third of their length. These 
,listilletjClJ1~ seem constant. 

Section Icith twelve-fainted Alltenilfe. 

. CYCLUPS SERRFLATFS, Fischel'. 

(Plate V, figs. 1-5, Plate VII, fig. 10) 

Biblioq raphy. 

l\clnp~ serrnlatlls, Fischer Bulletin de la Soc. Imp. etc. \Joscou. 
Lilljebol'q, De crust ex ord. trib. 
Clalts, Das genus Cyclops, 
Sal's, Oversigt Ferskvands Copepoder. 

Frei-Iebenden Copepoden. 
Fric, Die Krusten thiere Rlhmens. 
Uljanin, Reise i.n Turkestan. 
Brady, British Copepoda . 

. ) 1 'yd()p~ milwtlls, ClaiM, loe cit. ( young.) 

.) Cyclops mac1'nrus, 8al's, loco cit. 
,) ~\clol's spinnlosus, Claus, Inc. cit. 

Typical Forlll. 

(~el'lta] othorax oval, com pact; abdomen slender and short, suddenly 
t'lllargecl preVIOUS to its union with the thorax; antennffi slender, 
l'e8ching nearly, but not quite to the last thoracic segment; the last 
three joints are aHennated and furnish the most evident character of 
the species: formula - -=- ~ - '-" ',-" ::: - '-" - - -; during life the 
antellme tend t,o assnme the form of a rude Z, the proximal four joints 
fo1'111i ng the hase; antennules small, reaching about to the sixth joint 
,,f' Hnr.enme; jaws small with large teeth: the single segment of the 
fifth foot with three equal spines; egg sacs oval, as long as the abdo
men; eggs few, dark: caudal stylets very long and slender, spined 
along the outer margin; lateral set.ffi small and approximated to the 
'lpp:T one: outer terminal seta short, spine-like, in life set nearly at 
right angles t.o the others, spined or beaded on one margin and bristled 
un the other; the next seta is as long as the abdomen, being somewhat 
exceeded by the following one; inner seta insignificant; upper seta very 
~lllall; length less t.han -flo em 

A larger form occurs with an elongated body and abdomen and with 
'''xtremel,v att.cnnnterl antenna? and caudal stylets, but it is not a va~ 
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riety induced by alpine habitat as suggested hy Brady, occurring H':l a 
"post imago" form with the ordinary type. Claus' description of 
Cyclops spinuloslt8 suggests that this form may be the basis of hi:o. 
species though the form of the male antenna is different from any 
yet seen. Cy('lops minrttus, Claus, is most certainly the young of some 
Cyclops, as is indicated both hy the deRcription and figures in Die Frei
lebenden Copepoden. Though placed among the twelve-jointed fOrllli'l the 
antennre are eleven-jointed. The fact tbat the females may have had 
egg sacs is no proof of their maturity as I have seen undouhted larval 
forms of serul1afus with the sacs. Moreover two:jointed branches of 
swimminq feet is a larval character. This ii'l a CO~l1l0politan and veQ 
abundant species, occurring in allllost all pools and lakes abont Min
neapolis. The form and Rtructure of the st~rleti'l. antenme and feet 
make it an easily recognized species. 

('YCLOPH FLUVIATILIb, sp. nov. 

(Plate VII, figs. 1-9.) 

A very :;mall and distinct species 01 the section with 12·jointec1 <1n
tennre was found in an estuary of the MissiRsippi river, (also later in 
L. Minneimnka) with the following characters:-

Body elongated; thorax very long; ahdomen slender; stylets about 
as long or longer than last abdominal segment; setre all very short. not 
pectinate; lateral and elOl'sal seta' very small; outer one spine-like, 
short and stont, two middle short. inner one very small and incon
spicuous; antennre reaching nearly to the base of abdomen; formula. 
-::: '--' -:::.. - - - - - - -; the three joints following the six 
basal are much elongated while the terminal ones are hut moderatel~" 
so, a character which is peculiar to thiR species; terminal segment 
slightly but evidently hinged, and together with pair preceding some
what curved; feet with the terminal spines strongly toothed; fifth 
foot very small, one jointed, bearing three small setre; opercnlUlll 
vulvre heart-shaped; egg saCR snbquadrangular; eggs large; abdomen 
in the young much elongated; color deep indigo, length 1 ~ II cm. 

CYCLOPS ADOLESCENS, sp. nov. 

(Plate VI, figs. 16-20.) 

The form figured under the above name seems closely allied to C. 
affinis, Sars, from which it differs chiefly in the arrangement of the 

joints of antennre. 
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The body passes without marked transition into the abdomen which 
is abnormally shortened; caudal sty lets very short as is the last segment 
of the abdomen; setre exactly as in C. pal'cus with which it was found; 
antennre eleven-jointed; formula - '-' - ......, '- .::.:: ....... .:: -; asemi-cir
cular series of spines upon the basal joint; fifth foot obsolescent, the 
three spines appearing to spring directly from the last thoracic seg· 
ment which also bears a series of teeth; egg-sac reaching to base of 
abdomen, with rather numerous eggs; feet heavily spined on one mar· 
gin; length 1\/0 cm., male l~ cm. 

This species, together with all others of this sort with eleven-jointed 
. antennre, is perhaps but an immature and abnormally modified form 
of some of the common species If this be true the rarity of these 
nominal species is explained. C. minutus, Claus, is certainly but a lar
val form, as is shown by the two-jointed branches of swimming feet. 

Section with 8jointed Antenna'. 

CYCLOPS CRASSICORNIS, Muller, 

(Plate IV, figs. 9-14:.) 

Bibliog raphy. 

Cyclops crassicornis, ~VullerJ Entomostraca. 
Bars, Oversigt Ferskvands Copepoder. 
Uljanin, Reise in Turkestan. 
Brady, British Copepoda. 

pauper, Fric, Die Krustenthiere Blihemens. 
? magniceps, Lillieborg, De crustaceis ex ordinibus tribus, etc. 
A small species characterized by its small size and the eight-jointed 

antennre; body depressed and passing gradually into the rather uni_ 
form abdomen; first cephalothoracic joint large; abdomen rather slen
der; stylets of moderate length, spined along the outer margin some
what as in C. serrulatus; outer seta lance-shaped, short; the next one 
as long as stylets and last two segments; the following one nearly 
twice as long; inner one very small; last joint of abdomQn spined; the 
preceding one fringed on distal margin with weak setre; antennre 
short, not reaching the base of first segment; formula - -.:: - '--' '-' 
'-" .::; the basal joint with a semi-circular set of fine bristles, and with 
the following is furnished with pectinate setre; second antennre short; 
terminal joint short, with two curved, strong spines and other weaker 
ones; fifth feet small one-jointed with three unequal spines, bordered 
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above by a spined plate of the la;;t thoracic segment; length about ,'J" 
cm. excluding setre. 

This species appears not to be very abundant, or at least from its 
small size it is not often encountered. A few particulars distinguish 
these western forms from the descript.ion given by Brady, among them 
being the spinons armature of the sty lets, t.he bristles on the penulti
nate segment of the abdomen, pectinate bristles of tIlt' fifth feet, and 
the greater length of t.he abdomen, yet I see no reason for separating 
them. I have not seen the male and can not be sure that there is no 

. further development, but the fact that the feet in this form are three
jointed, and its peculiar characters, clearly dist.inguish the species 
from any other known to me. 



Fiq. 3. Sida cl'ystallina. 



ST.i.TE GEOLOGIST. 

U. NOTES ON SOME MINNESOTA CLATlU(:EHA. 

'l'rihe I CTENOI'OlJA. 

SIDIDJE. 
Antennre of second pair with Ulleqllal rami, slIl>erillr larger; last, 

joints compressed and setose; in testine simple. 
Of this family two species are certainly illcntified in A meriea, both 

of which are abundant in certain favorahle loeatiom; at the propel' 
seasons. No specifls of the Holopedidre fir!' knowu to ocenr here. 

Gl'nns Sd)A ~tr,ll1:-;. 

Superior ramus of second antenme tItre!' '.i"ill tt"l; jlosterior margin 
of post-abdomen with numerons sllineH (2i1·:1II.) 

SllJA CRYSTALLLN \, M:dlcl'. 

(Fig. 3.) 

Bibliog'·apfly. 
Daphne crystallilla, JiLiller. 
Daphnia crystallina, Latreille, Bosc. 
Sida crystallilla, Straus, M '\lll. Mns. Hi,-;t Nat. 
Sida crystallina, AI. Edwards, Rist. Nat. Crust. 
Monoculus crystallin us, Gmelin. Jl[anuel. Fabricius. 
Monoculus elongatus De Gee/', l\{t':m. servirHist. Ins. 
Siela cryst.allina, Lievin, l~ranch. 11. Dan'l;iger Geg. 

Bail'll, Brit. Elltnm. 
Lilljeborg, Dr crnst. rx orel. trib. 
Fischer. 
Schadler, Die Branch, d. Umg. v Berlin. 

N ene. Beitr. 
Leydig, Naturg, d, Daph, 
Sal's, Norges Ferskv-Krebsc1yr. 

elollgata SUt'8" " " 

Sid a erystalllna, P. E. )Vflillel', Danmark's Cladocera. 
Kurz, Dodekas Neuer Cladoceren. 
Bir,qe, NotE's on Cladocera. 
Hen'ick, Microsc. Entom. 
Lutz, Untersuch, ii. d. Cladocerell d. Umg. v. Bern. 

1878. 
TVeismann. 
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I note this cosmqpolitan species, of which a nearly complete biblio
graphy is given above, simply to mention that I have recently found 
for the first time specimens of Sida reaching the size mentioned by 
P. E. Miiller (No cm.) 

In smaller pools, when present onr Sida is much (often t) smaller, 
and only in 1. Minnetonka does the species attain its ultimate devel
opment. 

Genns lJAPHNELI,,\. 

Superior nLlllUS of :;econd antennffi apparently 2-joillted, narrow; 
postea hdlllllen desti tu te of spines. 

DAPHNEI~LA BRACHYURA 1ievin. 
(Plate VII, 11-16 ) 

Bibliography. 
Sid a hrachyura, Lievin Branch. d Danziger Geg. 
Daphnella wingii, Baird, Brit. Entolll 
Sida braehyura, LilljebOl'g, De crust. ex ord. trib. 
Diaphanosoma brandtianum, Fischel', Erganzig, Berichtig. 
Daphnella brandtiana, Sars, N orges Ferskv.-Krebsdyr. 
Daphnella brad yura, P. E. Miiller, Danmark's Cladocera. 
Daphnella brr,chyum, Llltz. Untersuchung ii. die Cladoceren d. 

Umg. v. Bern. 
Sida brachyura, Pavl'si, N uova serie di recerche della fauna pelagica 

nei laghi italiani, (1. Trasimens.) 
(Compare also D. e.rpinosa, Birge, Notes on Cladocera p. 3.) 

The species of Daphnella found about Minneapolis, occasionally 
abundant, seems not to differ in any important character from Euro
pean types of D. brachyura although I formerly regarded it as distinct 
(D. winchelli.) 

Head less than one-half the body (about 1860 cm. while body is lolba 
cm. long); eye about t head; antennffi when reflexed extend a little 
beyond * the length of body. Male Ido cm. long; antennffi reflexed 
reaching hase of shell; anterior antennffi extremely long; copulating 
organs reaching nearly to end of claws. Having carefully compared 
our specimens with the description and figures given. by Birge for his 
D. expinosa, the evidence ~eems to indicate not only that they are 
identical hut hoth are really D. barchyura. The distinctive characters 
of D. expinosa are a greater indentation between head and body, ab
sence of caudal teeth, greater length of male appendages, and the 
opening of the vasa deferentia in the "instep" of these appendages. 
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The absence of teeth upon the post-abdomen is of even generic im
portance according' to Sal's, who gives it in hig sYJ1op,:is of genera as 
typical for Daphnella. In our specimens the claws are at least pecti
nate if' not serrate, while the appendages of the male reach generally 
nearly to the middle of' the claws. The relative length of' these al?
pendages and the antennm of male is variable. 

Tribe IT, ANOMOPODA. 

DAPHNIDJE. 

Rami of' antennm 3 and 4-jointed; feet of five pairs; intestine with 
anterior cceca not convolute. 

Genus MOINA, Baird. 

A transition between Sid'idee and Daphnidce IS made through this 
genus. 

Head separated from the body by a depression; macula nigra absent; 
antennm of female large, movable, of male very long, curved; first 
foot of male with strong hook: valves short, truncate behind. 

MOINA BRACHIATA. 

We believe with P. E. Miiller that this and M. rectil'ostris are iden_ 
tical. The most complete discussion of the merits of the three species 
(the above and lVl. paradoxa) is found in Weismann's paper, Uebm' 
einige neue oder unvollkommen qekannte Daphn iden, Grli bel' and Weis
mann, 1877, which see for bibliography and elaborate, not to say la
bored, distinctions. Th,·: species is not common, but when found (in 
muddy pools in late summer) frequently appears in great numbers. 
For embryology see Grobben, Entwicklungsgeschichte del' Moina 
rectirostris. 

Genus DAPHNIA. 

This genus as limited by Mii.1ler is well distinguishe d from the re
maining genera of the family--Simocephalus, Scapholeberis, Oeriodaphnia 
.and llfoina. 

As remarked by Birge, this is not the typical representative of the 
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group but is a very divergent member of it, worthy, probably, of f6rm
ing a distinct section or fmb-familY. The most remarkable fea.ture is 
one which appears in a comparatively early embryonic period and, in. 
some cases, nearly disappears in later hfe This is the development of 
a long spine from the dorsal, posterior end of the shell. This is the 
real diagn.ostic test and has not yet been incorporated into the defini
tion of the genus The occurrence of a crista is more varia.ble ap
parently, but may be of some importance. 

The following is suggested as a revision of the diagnosis: 
Shell more or less oval or snb-(l uadmte ancl reticulate; head rounded 

anteriorly, but sometimes with a crest, prolonged below into a beak 
which is truncate postenorly and hears the antemue near the apex; 
upper dorsal cornel' of shell in young of hoth sexes and mature males 
prolonged into it long spine; the macula nigra is present but not 
always pigmenteel; the post-ahdomen spined hehind; opening of rectum 
at the end. 

Thp j;'maie with two age-forms (heterogenetic and dimorphic); the 
second form frequently scarcely spined; Hntennre small, not movable, 
furnished with sense-hairs; ephippium with two ova, separable from 
remainder of shell along the latero-median snture; the brood-cavity 
closed by more than two unequal processes of the abdomen. 

Ma/f'. with long movable (almost two-jointed) antennre furnished 
with prehensile sty Ius; first foot bearing a curved claw; swimming an
tennre very long; vas deferens opening at the end of post-abdomen. 
Embryo with second antennre palpate; a curved appendage to shell 
which becomes the spine of adult. 

DAPHNIA PULEX. 

This species is mentioned here simply to remark concerning D. 
pulex, val' denticulata of Birge, (Notes on Cladocera, p. 11, plate I, fig. 
11,) that the European as well as all the American specimens of D. 
pulex, have a fine series of spines on the claws of the post-abdomen. 
A glance at Tafel XII, fig. 39, of the Zeitschrift fiir Wiss. Zool. Bd· 
XXXIII, with Weismann's plate of the end of the abdomen of this 
species, is sufficient evidence of this fact, though as the animal is a 
lILale and quite young, the spines are less evident; moreover the 
IlUmber of caudal teeth is known to be variable with age. Some 
other peculiarity must be found to give this varietal distinction 
validity. 
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DAPHNIA sp? 

(Plate X, figs, 15· t6). 
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Prom a 'cold marsh a gathering in .June, 1882, contaille(l several 1'e 
males like that represented by fig. 16. They were far from being 
abundant, however, and the pool contained no other Daphnia ,;howing 
that it was u~').favorable to the growth of these animals. 

These fem~l~s differ from D. pulex chiefly in their small size. it',,:, em.) 
being the smallest Daphnia seen with an evidently mature al)peanUlce. 
The caudal spine is sickle-shaped; post-a hclomen as ill pulf';x;; anrennm 
short; the animal beautifully clear and varigated by the brilliant con
tents of ovary, eggs and inte,;t.il1e. I hesit.ate to reganl it as a (lefltillct 
species. 
. Figure 15 represents a ,;ingle specimen of Daphnia found with the 
above which was somewhat injured during it.s monlt. This resemhles 
D. apicata. Kul'z, an(l D. pellucida, lI1tiller, and is perhaps the male of 
the species represented by fig. 16. Our knuw ledge of the yariations 
induced by' environment is yet too meager to draw up definitions of 
species with certainty from a single gathering, hut these forms are pe
culiarly interesting. 

See also the accompanying figure, (fig. ±.t Thes!" forms merit closer 
study. 

, ,"~ 



Fiq.4. Daphnia longispi/la (/lulIlbered 1) etc. 
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SCAPHOLEBERIS, Schodler. 

In a former paper S. mucronata was reported from this locality with 
'the remark that only the unhorned variety seems to occur here. A 
rather diligent search has' failed to find val'. fronte cornuto, though our 
:waters have been carefully searched at intervals for several years and 
at different seasons. Birge quotes only this variety. However, the 
species is not common and the other form may yet be discovered. 
See Fig. 5. 

16 



Cl.NeJtI/dPtl 

Fig. 5. Scaphofebel'is 1nUCl"on{(ta. 
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A second variety or species has been found which differs somewhat 
from typical muc1'onata, but does not appear to be nasuta of Birge. Is 
not the latter a variety simply? 

SCAPHOLEBERIS ARMATA var.? nov. 

Length Th --do cm. ; much as S. muaonata in form; but the spines are 
greatly elongated in old as well as young individuals; and in individuals 
having winter as well as summer eggs, though the winter form seems 
to have longer spines which are nearly equal in some cases to the 
hight. Antennoo are short and transparent. The head is separated 
from the body by a marked depression; but is curved forward so that 
the beak lies generally between the valves. The antennules are of 
medium size. Nowhere reticulate ( ?) nor tuberculate. The shell is 
marked by impressed lines, especially anteriorly and below. The lower 
margin is straight and beaded anteriorly, but toward the hage of the 
mucro are several long bristles which stop abruptly and are followed by 
a few very weak hairs. The post-abdomen has three teeth at the base 
of the claws, which are smooth. 

This variety is much like ,,",'. Itasuta of Birge, perhaps, but differs per
ceptably in several points. Most conspicuous are the greatlyelougated 
spines and the short antennoo. This variety is about as large as 
mucro nata but less than nasJ.drt. 

BOSMINIDM. 

Genus BOSMINA. 

First antennoo many-jointed; intestine straight. Sole genus of the 
family, and one which Kurz characterizes as " one of the most difficult 
of the genera of Cladocera." 

There are three species known in the United States, two of which 
are found from the Eastern States to the Mississippi and westward, and 
are identical with European forms. The third may not prove distinct 

BOSMINA LONGIROSTRIS. 

(Plate X, fig. 2.) 

Differs from the following in having the terminal claws not toothed, 
and from B. striata in the shorter antennoo and reticulate shell. 
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BOSIIIINA CORNUTA. 

(Plate IX, figs. 3-5.) 

g Z I) cm. long; shell reticulate with hexagonal meshes; antennoo 
curved backward and outward at the tip; claws with several teeth near 
the base. In embryonic specimens the ahtenme are straight. 

BOSMINA STRIATA, sp. n. 

(Plate IX, fig. 1). 

1 r, Z 0 cm. long; shell marked with anastomosing longitudinal strioo; 
antennffi very long; frontal seta about midway between eye and the 
sense-hairs of the antennffi: posterior inferior angle of shell spined as 
in the previous species. 

The species resembles B, maritima greatly. The members of this 
genus have been little studied owing to their small size and compara
tive rarity, and it is even possible that some of the species will prove 
invalid· 

All three of the above species were found in one gathering from 
Lake Minnetonka. Only one other locality (for B. lonqir'ostris) is known 
to me in this State. 

L YNCODAPHNIDlE. 

Genus MACROTHRIX. 

Aside from M. roseus and JI. tenuicomis (to which, perhaps, M. agilis 
of a previous report may be referred) a single species of macrothroid 
crustacean was collected at Lake Minnetonka, which is very remarka
ble. The specimen was apparently somewhat injured in moulting, and it 
is not possible to tell how much of its peculiar shape maybe due to this 
fact, but some of its characters are sufficient evidence that it consti
tutes at least a new species. 

It resembles in outline Siml)cephalus vetulus; the antennffi are very 
narrow and curved in a lateral as wen as posterior direction; the 
second or swimming-antennffi are long as in other members of the 
genus; metnda nigr'a present hut small; eye small; post-abdomen 
short, triangular; claws pectinate; a dorsal sucking-disc is present; 
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lengthlgo cm. For this species the name lIAOROTHRIX PAUPER is pro 
visionally offered. (Plate VIII, fig. 1.) 

\ 

(FIG. 6.) 

MAOROTHRIX TENUICORNIS, Kurz. 
(FIG. 6.) 

The description given3by Kurz is very full and agrees very well. The 
peculiar arrangement of the movable spines at the margin of the 
valves is characteristic. I have observed that this species .tonus an 
'epMppium. Mi.i.ller says destinctly of the series of genera including 
Macrothrix, Drepanothrix, Lathonura, BosmiJla, Acantholebris and 
Iliocryptus, "TestaI' abjectce corporis, nullo pphippio, ova hiberna 
obtegunt. " 

Bosmina is little related to the Lyncodaphnid~ and, however it may 
be with regard to other species, in M. tenuicornis an evident ephippium 
is formed in much the same way as in Ceriodaplmia. In Daphnia this 
egg-cover is produced by an alteration of part of the inner layer of 
the shell which becomes. turgid and secretes a thick coating. The 
ephippium simply extends over the brood-cavity, being marked off 
from the rest of the shell by the median suture of the valves. In 
other Daphnidce and in Macrothr!x nearly the whole of the valves are 

. thus modified. The shell of ]1. tertuicorllis is normally smooth, but in 
the ephippial female, that portion of the inner layer of the shell 

" 
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bordering the egg-cavity and a littl~ beyond, is composed of large and 
very deep cells; the space between the outer and inner layers il;! much 
greater than in Daphnia. 

Genus LATHONURA. 

Although no species of this genus has been found in Minnesota, it 
is to he expected that it will eventually be discovered that the 
cosmopolite L. rectirostris, Mull. occurs in our limits. It occurs in 
Mass. according t~ Birge. The figures (Plate VIII, figs. 11-12) 
were drawn from specimens found in Leipzig, Saxony, illustrating a 
tendency, especially common in the Lyncodaphindce, to abnormal 
growth of the spinous appendages-in this case the anal setIB. 

Genus ILIOCRYPTUS. 

A genus represented by a single European species. Our form may 
differ somewhat in some respects from the generic diagnosis, but 
certainly belongs here. There are no anterior Cffica (as indeed there 
are probably not in the European 1. .~ordidus though so stated by 
Muller,) and no permanent Cfficum or dilation of the intestine before 
the rectum. The nu'trginal spines are straight, long and movable with· 
out branches. 

ILIOCRYPTUS SPINIFER sp. nov. 

(Plate VIII, figs. 2-6.) 

Short; depth nearly equaling length of body excluding head; rounded 
behind; free edges of valves beset with slender ciliate spines which are 
not branched; antennIB exactly as those of 1. sordidus, as is the post
abdomen, save that the anus seems to be situated higher; ova three or 
more. 

This species occurs in Silver lake, east of Minneapolis. It swims 
quite well, while of the European species it is said this is not the case. 
It does, however, frequently load itself with filth so as to be too heavy 
to swim freely. 
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L YNOODAPHNIA, Gen. n. 

(Plate IX, figs. 1-3.) 
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F,orm much as is species of Alonella. etc., truncate behind; superior 
:antenme like J1.acrothri:K), attached movably to the end of a blunt 
prominence beneath the head; second or swimming antennre slender; 
:four-jointed, ramus with three long setre at the end of terminal joint 
where is also a stout spine; joint following the basal joint also with a 
spine above; middle joint unarmed (?); three-jointed ramus as in Ma
.crothrix; the basal segment armed with a much elongated seta; eye rel
atively small; pigment fleck present; intestine twice-convoluted, ex
panded in front of colon, opening in the "heel" of the post-abdomen. 
[lost-abdomen slender, sub-tri~ngular, margined behind with a doubl~ 
-series of spin~s; terminal claws large, straightish and furnished with 
.a,long and short spine near the base, also very minutely feathered be
hind; shell marked alone by the so-called "stuzbalkein;" lower margin 
with movable spines. 

Few more interesting forms have been noticed than this, since it 
.combines the characters which have hitherto been considered as very 
.clearly forming the boundaries of distinct families. 

Kurz says, (Dodekas neuer Oladoceren nebst einer kurzen Uebel'sicht der 
Cladocerenfauna Bohmens, p. 30:) "Keine Cladocerenfamilie bildet eine 
so streng in sich abgegrenztes natiirliches ganze, wie eben die Lyn
ceiden," and this even after recognizing the relationship of Macl'othr~x 
and L1,thonura to the Lynceids hy placing them in the sub-family Lyn
oodaphnicB. The form for which I propose the name Lyncodaphnia is . 

,quite as much like such forms as Alona and related Lynceids, as any 
species of the Lyncodaphnince, while at the same time the characters of 
antennre and head are almost identical with Macrothrix. This furnishes 
but another example of the fact that possibility of distinguishing 
families and genera lies alone in the meagerness of our knowledge. 

L YNOODAPHNIA ~IACROTHROIDES, sp. n. 

Form sub-rectangular,' greatly elongated; length /020 cm., hight 
1 ~o cm. or less; first antennre long and slightly curved, bordered be
hind by about ten spines and terminating in two unequal sword-shaped 
spines and several sense-hairs, about T~ J 0 cm. long; swimming an
tennre very slender as in Macrothrix, 1 g 0 em. long; head !lot marked 
£Iff by a depression from the body, small and extending below into a 
blunt elevation for attachment of untennre; labrum rather large; eye 
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small; macula nigra conspicuous but not large; anterior feet strongly 
armed with curved spines. The intestine anteriorly is furnished with 
cceca, is twice convoluted, hroadened before entering the rectum and 
opens a little distance beyond the oval seta in the heel of the post-ab
domen; post-abdomen rather slender, toothed behind with a double 
series of ahout twelve prominences, becoming distally sharp, strong 
teeth; terminal claws curved at the end only, pectinate and bearing 
two unequal hut large processes near the base; eggs much like those 
of JYJ acrothrix. i 

Occurs in Lake Minnetonka, Hennepin Co., Minnesota, rare. 

LYNCEID~. 

But few of this large family, furnishing the majority of the Clado_ 
cera fauna of any locality and at any time of year, have been carefully 
studied here. The following are mentioned as of particular: interest: 

HUB-FAMILY EURYCERCINlE. 

The single species EzwY('ercus lamellatus which constitutes: this sub
family has been mentioned and figured in a previous paper. It is quite 
abundant and constant. 

Euryce·rcus is connected with the true Lynceids by the following 
genus which has quite as many affinities with Eu·rycerclts as any Lyn
ceid. Schodler seems to he the only writer who has laid sufficient. 
stress upon this similarity, though it may not be best to unite the two 
forms as he did. 

Genus LEYDIGIA, Kurz. 

LEYDIGIA QUADRANGULARIS, Leydig. 

(Plate VIII, 7-8.) 

The Minnesota species is referred to L. quadmngularis under the be
lief that there is no specific distinction between that species and L. 
acanthocel'oides, Fischer. 

Our form does not agree in every particular with the very minute 

I 
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description of KUl'z and does agree very well w th what is said of L. 
acanthocercoides. However, KUl'z says of the latter species, "Diese Art 
is von del' vorangehenden (L. acanthocercoides) im weiblichen Gesch
l~cht schwierig zu unterscheiden," and immediately adds that the male 
is unknown to him. In P. E. Muller's time both males were 
unknown. Muller says of aC!tlltlwccrcoidp.s, "ungues caudales 
inermes," of quadrangularis, "ungues caudales dente minuto." Kurz 011 

the' other hand says of the former, "del' Basaldorn ist knrz," of the 
latter "die Endklauen haben keinen Basaldorn." 

Our species has no spine on the claws, and has a small :;pine on an 
eminence on the dorsal part of the abdomen, as well as two ciliated 
prominences between it and the oval setm; length 19" cm.; color red. 

Silver Lake, east of Minneapolis. 

CAMPTOCERCUS MACROURUS. 

(Plate X, fig. 9.) 

This large species occurs rather sparingly at Lake Minnetonka. It 
is probably widely distributed in America as well as Europe. It if> 
known in Cambridge, Mass. and Madison, Wis. (Birge). 

CA)fPTOCERCUS ROTUNDUS, sp. nov. 

(Plate VIII, figs. 9-10.) 

Short, quadrangular, dorsally nearly uniformly arched; antennm of 
first pair long, curved outward, with long terminal bristles; abdomen 
lOl'lg, nearly uniform in width; teeth of post·abdomenfew, inconspicu
ous; terminal claw nearly straight; basal spine large; the claw also has 
a series of spines beginning a little beyond the middle and shortening 
proximally; length 1 Z" cm. This resembles C. rectirostris, Schodler, a 
little in outline of body but the head is like C. macrourus, except that 
there is a slight beak directed anteriorly (not shown in the figure); the 
post-abdomen is much as in C. maCl'ourus, but is less heavily spined. 
In size it is somewhat less than C. lt11jeborqii, and the shortest species 

known to me. 

ACROPERUS sp? 

(Plate X, fig. 10.) 

Resembles Camptocercus macrourus greatly. Are these two genera 

'really distinct? 
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PLEUROXIS PROCURVUS, Birge. 

(Plate X, fig. 6.) 

Very characteristic. Found in Shady Oak lake, and elsewhere 

abundant. 

PLEUROXIS UNIDENS, Birge. 

A species which agrees best with this is quite abundant. It is, how
ever, always of a deep brownish color, and the beak is long and curved 
inward; it may be distinct. 

A third form of Pleul'o.x:is, probably P. denticulatus, Birge, is abund
ant also. 

GRAPTOLEBRIS INERMIS, Birge. 

(Plate X, figs. 8, 11-12.) 

Resemble4 Alona testudin(( ria very closely; the antenme are peculiar; 
each joint has a median circlet of fine bristles; the upper ramus is ter
minated by two long sette, one shorter seta and a stout spine; the joint 
preceding the terminal one has a stout seta. The description given 
by Birge is otherwise complete. Lake Minnetonka. 

CREPIDOCERCUS SETIGER, Birge. 

This is exceedingly rare, and by reason of its small size, difficult to 
distinguish. It has been encountered but once in Minnesota. This 
species is easily recognized when found, and though our specimens 
differ a little from the figure given by Birge, they are doubtless the 
same. 

AWNA OBLONGA, P. E. Miiller. 

'rhe specimens examined differ somewhat from Miiller's description. 
The caudal claw is pectinate; the spine at its base is large and covered 
with a tuft of hairs; the teeth of post-abdomen are large, emarginate 
and hairy; otherwise the agree men t is very close; length .07 cm. 
Fonnd in Grass Lake, Richfield. 
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TRIBE" III ONYCHOPODA. 

POL YPHE MID..:-E. 
POLYPHEMUS PEDICULUS • . 

(Plate IX, figs. 4-6.) 
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I have collected from various sources what I could of the extensive 
bibliography of this, the sole species of the genus. Une of the most 
characteristic and pleasing figures given is that of Weismanu in his 
article on the "Sch~uckfarben der Daphnoiqen," though we belieye 
that author in the wrong in the deductions made. Our specimens !arely 
approach the brilliancy of the plate, and there seems to be a more le
gitimate way of explaining these second.ary colors than by sexual 
selection. This species is never abundant, nor is it very rare; found 
in Lake Minnetonka, and the larger lakes with their outlets. 

III On Notadromas and Catnua1'us. 

CYPRID.lE. 

This group is one of the most difficult and perhaps least studied. A 
number of species some of which, perhaps most, are new, occur in Min::, 
nesota, and among them is a CYP"is which exceeds any described form 
in size. I only mention one genus which is cosmopolitan. 

NOTADROMAS, Lilljeborg. 

Carapace differing in male and female; eyes two; antennre similar to 
those of Cypris, the superior having seven and the inferior six joints; 
setre of inferior antennre reaching beyond the apex of the terminal 
claws; second pair of jaws without a branched appendage, in the male 
pediform; abdominal rami rather long. 

NOTADROMAS MONACHUS, Muller. 

Bib/io.gmphy. 

Cypris monacha, Muller, Latreille, Bose, DemO/'est, Bail'd. Edwards. 
Monoculus monachus, Gmelin, Manuel. Pab1'icius, Rees, Jurine. 
Notodromas monachus, Lilljeborg, De Crnst. ex ord. trib. 

Bmdy, British Ostracoda. 
Females of this widely distributed species were collected near Min. 

neapolis, presenting in as far as could be seen no material points ordis" 
tinction from English types. 
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DEOAPODA. 

But two species of Oamharus, O. vitilis. Hagen, and O. si,qnifer, 
occur in Hennepin county, except, perhaps, in the Mississippi. The 
following localities for the fonner species are known in the State: 
Mississippi river, Minnehaha creek, Bassett's creek, Cedar lakie, Lake 
Minnetonka, Lake Independence, Lake Superior. 

It is possible to recognize three age-forms in the males of this species . 
. A. The immature male (II Form, Hagen). Reaching two to three 

inches in leng·th, this stage has the chelm proportionally smaller, and 
the spinous armature less developed: the first abdominal foot is simply 
bifid at the end. 

B. (Form I of Hagen,) usually over two and one-half inches long; 
chelm larger; branches of abdominal foot destinct; inner branch 
grooved but lance-linear. 

C. Very large (four inches); inner branch of abdominal foot spatu
late at end; the two rows of tubercles on the inner margin of the 
" hand" with six or seven in a row instead of five. 

Male of Form II, A stage, 2+ in. long, Chela. 7 in., thumb .49 in. 
" "I, B stage, 2+ in. long, " 1 in., " .6 in. 
" "I, C stage, 4 in. long, "1. 8 in., " 1.1 in. 
" "II, A stage, 3 in. long, " 1.2 in., " .75 in. 

It will be seen from the above that size does not govern the transi
. tion from the first to the second form entirely. This differs either in 
different localities or at different seasons of the year. A large gather
ing from Cedar lake showed no specimens of the form I, while a 
similar gathering at Lake Independence contained but one of the form 
II. A male from Minnehaha creek had rudiments of a third tooth on 
the carpnl' of the left claw, thus indicating an approach to Hagen's 
Val'. A. 

CA~fB.\ RUS SIGNIFER "p. nov. 

(FIG. 7.) 

A slen cler, graceful species of ral her marhcl colors, belongillg to the 
section having a hook on the third pair of legs but not 011 the fourth. 
The rostrum is not carinated nor toothed at the apex; acumen moder
ate, lateral borders curved, moderately excavated. Cephalothorax 
arched and not depressed above, densely punctate: areola linear: 
chelae slender, straight; thumb deeply pxcavat.ed on the inner margin 
for the proximal one-th:rd; opposite finger with an impressed groove on 
the inner but not on the onter margin. 
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~lfale, I Form. Color reddish-(crimson) brown, not obviously fig
ured; tail lighter; fin chestnut, marked with gray; cllelre bright criJu
son below there are green markings on the body and legs, and some 
yellow below. 

The hands are rather narrow and straight, while the "thumb" is 
deeply excavated for one-third its length, and the notch thus formed is 
armed with three or four teeth; the finger opposite has a tooth half 
way fmID t.he apex, and others near the base; the ange at base of thumb 
is densely hairy. The penultimate and previous joint of second foot 
bears a very dense and thick tuft of hairs on the inner margin which it 
particularly noticeable in living specimens. The antennre are sh01'l; 
about as 10llg as the thorax when reflexed. 

The first pair of abdominal feet resemble those of C. Vi1-ilis some· 
what, but are stouter and less divided. They are more strongly curved 
than in C. p1"opintjuus . 
. The laminre Qf "antennre are much as in C. tl"o.qlodyles but wider at 
the base. 

The second form has the two branches of the abdominal foot united 
almost to the E'nd. The young m1tles have the chelre greenish-blue and 
mottled, while the coloration of the body is like the females. 

The females have shorter chelre, and broader abdomen marked with 
chestnut bars on each segment above_ 
" A male 3.3 in. long was still in form II, while another 3.2 in. long 

was in the form I. Found by hundreds in a shallow pool known as 
Grass Lake, in Richfield, Hen. Co. 

Fig. 7. 
Cambarus stgnifer. 

a chela. b lamina of antenna. c rostrum. d abdominal foot 0:£ 
form II. e abdominal foot of form I. 
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Page 42. 
56. 

65. 

67. 
89. 
99. 

119. 

ER..R..ATA. 

Third line-for sawthuth, read Saw teeth. 
Twelfth line-for tubes, read talus. 
Twenty-third line-for tract, read trail. 
Seventeenth line-for vein, read rim. 
Twelfth line-for land, read hand. 
Twenty-fourth line-for Merabi, read Mesabi. 
Twenty-ninth line-after trilobite, add a foot note, as follows: *Cono-

ceplwJites minor Shu.? 
133. Twenty-sixth line-for conspicuous, read calctferous. 
134. Fifth'line from the bottom-for Sendrogroptus, read Dendrorrraptus 
147. Twenty-sixth line-for oppre88ed, read appressed. 
175. Sixth line-after p. 417, add in 1871. 

187. Thirtieth line-for have, read has. 
191. Eleventh line-for 8teepry, read steeply. 
239. Fifteenth line-for apicata, rea,d spicata. 
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PLATE 1. 

Sketch Map of the Canoe-trail from Ogishke Muncie Lal~e to t he mouth of Poplar 
river. 

R011te of N. H. Winchell ill Itl79. 
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PLATE II. 

Sk.etch Map of the Iron·trail for Canoes from Grand Marais to Iron Lake. 

Route oj R. H. Winehell in lS7!l. 



1'( .. 1 Fl': 1J /u tI'.I,wlI .. 1 ({"/'O/" 
r ~---

I t.! \\ 

c . \ ]) 



PLATE Ill, 

Sketch Map of Isle Hoyalc. 

To illust1'ate notes on the Geology by N. H. Winchell in 1879. 
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PLATE I. 

Diaptomu8 ca8toT. 

r 1. Male, antennre not yet fully developed, showing shell, gland, heart, reproduct-
ive, alimentary and muscular systems. 

2. Female, antennre and appendages removed except fifth feet. 
3 and 4. Nauplius stage. 
i. Male foot of fifth pair, (a) .. thumb" of larger branch. 
6. Female foot:of fifth pair. 
7. Mouth parts etc. 



MIN N ESOTA . CRUSTACEA . 

/0 11• Annual R eport PLA TE I. Gwl& Nat.Hist. SUI' illinn-, 



PLATE II. 

Diaptomu8 cab/or. 

1 End of male antennaJ. 2. End ot }Lbdomen. 

Dirrptamu8 gi.qanteu.~. 

:5. Caudal stylet. 8. Antennule. 

4. One p tir of feet. 9. Male fifth foot. 

5. Maxilliped. 10. Female rifth foot. 
6. l\lax!1la. 11. Spermatic tube. 
7. Mandilile and palp. 

Potomoichetor fUC0811.~. 

12. Female fifth foot. 
13. Pemale abdomen and egg-sac. 
14. Abdomen of young. 

15. First foot of Diaptomus giganteu8, one bntnch dr<1wn reverse. 
16. castor, ". 



MIN N ESOTA CRUSTACEA . 

JOlh. lnnual Report PLAT!:; II. 
eM? & Nat. Ui,.t. Sw: .Jfum. 



J. Male. 
2. Antennule. 
3, Maxilliped. 
4. Male fifth pair of feet. 

9. Female 
10. Abdomen. 
11. Maxilliped, 

PLATE III. 

Potomoichetm jUC08U8. 

6. Palp of mandible. 
6. End of abdomen. 
7. Feet of first pair. 
8. Eye. 

Oycl,ops aUT. 

12. Antenna. 
13. Maxilla of Potomoichefnr f'UC08U8~ 

14. Mandible of " 
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MINNESOTA CRUSTA CEA . 

JOlkATtTlluU, Report PL./1TE III. 
Ceol& Nat. Uist. Sic' ,Waul,. 



1. 
2. 
3. 

PLATE IV. 

Cyclops i7laens. 

First segment of ahdomen of female. 5. Stylets of mature female. 
Antenna. 
Fifth fo')t. 

6. 
7. 

" young male. 
Maxilliped. 

4. Antenna of young male. 
~. 

8. Mandible. 
Cyclops craaaico,.nis. Female. 

10. 
11. 

12. 

Antelllla. 
Termin,t\ portion of ahdomen. 
Female fiftIi foot. 

13. Second autenna. 
14. Nauplius form. 



MI N N ESOTA\ CRUSTACEA. 
PLATE J V. Ceo! &- iVa/llist. SUI: k.[inn. 



1. 
2. 

3 . 

• 
7. 

8. 

9. 

10 
14. 
15. 
16. 

17. 

PLATE V. 

Oyclops serrulatus. 

Female. 
Antenna of elongated form. 
Stylet of ordinary form. 

4. Antenna of very young. 
5. Stylet of elongated form. 

6. 9yclops navu8, antenna. 
Furca. 
Abdomen of young. 
Abdomen of male. 
Opening of spermatophore. 
C. "signatus," maxillipl':d. 

11. Fifth foot. 
12. Antenna of young. 
13. male. 

O. navus, swimming foo, of first pah. 
" "second pair. 

MlIxillipeds. 



MIN N ESOTA ORUSTACEA . 

/{JI.". lrlllllol Report P L A TE 17". 
Oeo/&: Nal ULSt. SUI: ll£in" 



1. Female. 
2. Mandible 
3. Maxillre. 
4. Stylet. 

S. Abdomen. 
9. Antenna. 

12. Abdomen. 
1:3. Antenna 
1. Fifth foot. 

PLATE VI. 

Cyclops ftmuicorni .•. 

5. Fifth foot. 
B. n.faxillipeds. 
7. Antennule. 

C. "~ignatup." 
10. Fifth foot. 
11. Male antenna. 

Cyclops parous. 

Oyclops adolesC8ns. 
15. Opening of spermatophore. 19. Eye. 
16. Abdomen. 20. Male antenna. 
17. Foot. 21. End of artenna of a form of O. "signatu8." 
1~. Female antenna. 



MINNESOTA CRUSTACEA 

J(li/' Annual' Report PLA.:rE VI. (;eol & }\ al.llist. SlI./: ilf,!r-. 



PLATE VII. 

1-9. C.1jcl(lp,~ fltJviaidis. 
3. Antenna of young. 4. A bdollleil of young. 10. Young of a. serrulatus. 

11. Dnphnellrl. brachyu!"t, ff'llUie. H End of male ahcl:imrn. 
12. "In de. 15. Ellcl of female abdomen. 
13. Part of edge of val VCci. IG. Antenna of male. 



MINNESOTA CRUSTACEA. 

10 lh A lIJw a.{, R eport PLATE l7I. 
GeoL&Hai.f1,"st Sur JlflJln 



1. Macrothrirn pauper, 
2-6, lliocryptu8 8pinifer, 
7-8. Leydigia quadrangularu. 

PLATE VIII. 

9-10. Oamptocercu8 1'(,tu'II,dus. 
11":12. Lathonura rectirostri8. 



MINNESOTA CRUSTACEA . 
PLATE VllI. Ged& Nat . .Hist. S1o: Mm.n. 



PLATE IX. 

J-3. Lyneodaphnia maerothroides. 4-6. Polyphemus pedieulus.-



MIN N ESOTA CRUSTACEA, 
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~.;..... 

/~7{7J( 
f'~ 

it 

PLAT.8 IX 
Ceol & Nat,Uist. Sur. .lIiTlf/." 



1. 
2. 
3-5. 
6-7. 

Bosmina st1'iata. 

" longi'l'()st'l'i8. 
" cO'l'nuta. 

Pleu'l'(Y.I;i8 p'I'ocu'l'fJatus. 

PLATE X. 

8. (Jrapto/ebris inermis, 
10. Ac'I'operus ap? 
11-12. G'I'aptolebri8 tnermis. 



CRUSTACEA. . 
MIN N E S OTA Ced&:.Nta.HisCSw: Mum PLATE X . 



PLATE XI 

1. Limneies sp! male. 9. Antenna (2d) of female. 
2. First foot of male. 10. Foot of female. 
3. Antenna. 11. Exterior of whole animal from in front. 
4. Mandible. 12. Modified '(sexually) foot of female. 
5. Maxilla. 13. End of process of same. 
6. Mandibler teeth. 14. Magnified spines of lateral limbs of same. 
7. Caudal appendages Of female. 15. Daphni sp. ! 
8. Head, labrum etc., of female. 16. Daphni sp. ? 



MIN N ESOTA CRUSTACEA . 
/!7 tA A rtJ71Iff/ Report PLATE XI. 
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