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ADDRESS. 

MINNEAPOLIS, MINN., Oct. 20, 1893. 
To the President of the Board 6f Regents: 

DEAR SIR.-The twenty-first annual report of the Geological 
and Natural History Survey ofthe state is herewith submitted. 
It embraces statements relating to progress in the strictly 
geological portion of this enterprise, and to the General Mu
seum and the library accessions. The botanical and zoological 
departments of this work have been placed, by the Board of 
Regents, under the personal direction respectively of Prof. 
Conway MacMillan and Prof. Henry F. Nachtrieb, and they 
will make independent reports directly to the regents. 

Respectfully submitted, 
N. H. WINCHELL, 

State Geologist and Curator of the General Museum. 
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I. 

SUMMARY STATEl\t[ENT AND COMPARATIVE 
NOMENCllATURE. 

In the season of 1892 the field work of the survey was contin
ued in the northeaste rn part of the state, where the economic 
development of the new iron range (the Mesabi) continued 
unabated. Considerable time was spent on the central and 
western portions of the Mesabi range, with a view to learn the 
geological relations of the ore bodies. By thi3 time, as shown 
in the report of H. V. Winchell published in the last annual 
report, some general idea had been gained of the position and 
forms of these ore deposits, warranting an attempt at a more 
systematic description, which should serve at least for many 
practical purposes and as a preliminary statement of many of 
the geological environments. At the same time this early re
connoissance brought to light many new facts and features, the 
full e~ucidation and publication of which will require careful 
chemical and petrographical research, and a comparison with 
the similar features of the iron ranges of adjoining states. . 

Dr. U. S. Grant continued an examination, which he had 
begun, of a granitic area near the eastern extension of the 
Mesabi range, viz: that about Kekequabic lake, and extended 
his field studies, with careful detail, to the eastern end of Otter 
Track lake, and southward to and beyond Little Saganaga lake. 
Later he spent much time on the eastern end of the Mesabi 
range proper, westward from Gunflint lake, examining the 
relations of the gabbro and the magnetites to the Pewabic 
quartzyte. 

Simultaneously with this the writer extended his field work 
over a region not before visited by him, including Snowbank 
lake and the region between it and the Kawishiwi river, and 
subsequently with Dr. Grant reviewed some of the i.mportant 
portions of the region of Kekeq uabic and Ogishke Muncie lakes. 

In Maya reconnoissance was made by the writer, accompa-
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nied by Messrs. Grant and Schuchert, of the region about Pots
dam, N. Y., with the view to obtaining, if possible, some data 
for the settlement of some of the pending questions respecting 
the stratigraphic position of the true Potsdam sandstone. This 
trip was continued to Keeseville, N. Y., on the east, and to 
Gouverneur, N. Y., on the west. 

Mr. E. O. Ulrich spent a year at Minneapolis, and much pro
gress was made on the paleontology of the Trenton and Hudson 
River formations, the results being incorporated in volume III 
of the final report, still in press. Of this volume several chap
ters have already been issued separately, viz: 
Ohapter 1. Oretaceous fossil plants from Minnesota. By Leo Lesquereux, 

pp. 1-22, 2 plates. Published Feb. 15, 1893. 
Ohapter II. Microscopical fauna of the Oretaceous in Minnesota, with 

additions from Nebraska and Illinois. By Anthony Woodward and 
Benjamin W. Thomas, pp. 23-54,3 plates. Published Feb. 15, 1893. 

Ohapter III. Sponges, Graptolites and Oorals, from the Lower Silurian 
of Minnesota. By N. H. Wmchell and Oharles Schuchert, pp. 55-95, 
2 plates. Published June 6, 1893. 

Ohapter IV. On Lower Silurian Bryozoa of Minnesota. By. E. O. Ulrich, 
pp. 96-332, 28 plates. Published Jan. 15, 1893. 

Ohapter V. The Lower Silurian Brachiopoda of Minnesota. By N. N. 
Winchell and Oharles Schuchert, pp. 333-474, 6 plates. Published 
June 6, 1893. 

During the year also the twentieth annual report has been 
published, and Bulletin VII, devoted to the mammals of the 
state, by Prof. C IJ. Herrick, has been i.ssued from the press 
and distributed. The work of Dr. P. L. Hatch, on the Bi.rds of 
Minnesota, has been published through the zoological depart
ment of the survey, under the supervision of Prof. H. F. Nach
trieb. 

The following papers relating to the geology of the state 
have also been published elsewhere by members of the Geolog
ical Survey corps, viz: 
The geology of Hennepin county. N. H. Winchell. (In the "History of 

Minneapolis", by I. Atwater.) 
An approximate interglacial chronometer. N. H. Winchell. American 

Geologist, vol. x, p. 69. August, 1892. 
Preliminary descriptions of new Brachiopoda from the Trenton and Hud

son River groups of Minnesota. N. H. Winchell and Charles Schu
chert. American Geologist, vol. ix, p. 284, May, 1892. (Advance 
copies were distributed to American paleontologists, April 1, 1892.) 

The Kawishiwin agglomerate at Ely, Minn. N. H. Winchell. American 
Geologist, vol. ix. p. 359, June, 1892. 

Some problems of the Mesabi iron ore. N. H. Winchell. American Geol
ogist, vol. x, p. 169, September, 1892. 
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Frondescent hematite. N. H. Winchell, American Geologist, vol. xi, p. 
20, January, 1893. 

The geology of the iron ores of Minnesota. N. H. Winchell. Trans. Geol. 
Soc. Australasia,·Melbourne. vol. 1, pp. 171-194, 1892. 

rl'he stratigraphic position of the Ogishl{e conglomerate of northeastern 
Minnesota. U. S. GTant. American Geologist, vol. x, p. 5, July, 
1892. 

Note on an augit!l sode-granite from Minnesota. U. S. Grant. Ameri
can Geologist, vol xi, p. 383, June, 1893. 

New Lower Silurian Ostracoda. E. O. UlTich. American Geologist,vol. x, 
p. 263, Nov., 1892. 

Two new Lower Silurian species of Lichas (subgenus Hoplolichas). E. O. 
Ulrich. American Geologist, vol. x, p. 271, Nov., 1892. 

Classification of theories of the origin of iron ores. H. V. Winchell. 
American Geologist, vol. x, p. 277, Nov., 1892. 

A classification of the Brachiopoda. Charles Schuchert. Am. Geol., vol. xi 
p. 141, March,1893. 

New Lamellibranchiata. E. O. Ulrich. Am. Geol., vol. x, p. 96, August, 
1892. 

Mesabi developments. H. V. Winchell. Iron Trade Review, Cleveland, 
April 19, 1892. 

Cost of mining on the Mesabi. H. V. Winchell. Iron Trade Review, Oleve
land, July 21, 1892. 

Is there a shortage of bessemer are? Anon. (H. V. Winchell). Iron Trade 
Review, Cleveland, Feb. 16, 1893. 

The Mesabi iron range. H. V. Winchell. American Institute of Mining 
Engineers, Schuylkill Meeting, vol. xxi, pp. 644-686, Oct., 1892. 

The Biwabik mine. H. V. Winchell (with John T. Jones). Am. Inst. Min 
Engineers, Montreal Meeting, vol. xxi, pp. 951-961, Feb., 1893. 

Minnesota iron mines. Anon. (H. V. Winchell). Published in "Minne 
Rota, a brief sketch of its History, Resources and Advantages," by 
authority of the State Board of World's Fair Managers, pp. 119-
123, Pioneer Press, St. PaUl, 1893. 

Prof. J. E. Todd, of Vermillion, S. Dak., was engaged to 
complete the survey in the northwestern portion of the state, 
extending from the Red river valley eastward to the east side 
of Beltrami county. and he has spent the months of July and 
August in that region. His accompanying preliminary report 
shows in outline the progress he has made. It will require 
another similar season's campaign to clear up sufficiently for 
report the geological features presented in that area. 

The work of the year has been very largely paleontological. 
Some re-examinations were made by Messrs. Schuchert and 
Ulrich, under the guidance of Mr. Scofield, of the fossiliferous 
Lower Silurian outcrops jn the southeastern part of the state, 
with the view to determine more exactly the stratigraphic 
range of the fossils belonging to the survey collection, and 
for the purpose of further collection at the same points. , 
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COMPARATIVE NOMENCLATURE. 

The former annual reports of the Minnesota survey have 
presented, occasionally, short discussions and tabulations of 
the Pre-Silurian rocks of Minnesota, embracing different por
tions of the series. These have also sometimes contained refer
ences to their supposed parallels in other parts of the N orth
west. Owing to occasional misapprehensions by other geolo
gists of the stratigraphy of these rocks, as we have made it 
out, and the misuse of some of our terms, an attempt has been 
made to place the Minnesota strata in proper order in the 
adjoined table. This table also expresses the stratigraphy of 
the Wisconsin reports, issued under the direction of Prof. 
Ohamberlin, the terms used by the present Michigan survey 
and the general terms used by the United States and Oanadian 
geological surveys. The table has had the approval of Messrs. 
Wadsworth, Van Hise and Selwyn, for their respective portions. 

-~ 
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THE GEOLOGY OF 

KEKEQU ABle LAl{E 

In Northeastern Minnesota 

WITH SPECIAL REFERENOE TO 

An Augite Soda-Granite 

BY ULYSSES SHERMAN GRANT 

A THESIS AOOEPTED FOR THE DEGREE OF DOOTOR OF PHILOSOPHY IN 

THE JOHNS HOPKINS UNIVERSITY, JUNE, ]893. , 
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PREFACE. 

In this paper an attempt is made to present a description of 
the geology of a small part of the complex area of northeastern 
Minnesota in more detail than has been done hitherto. In order 
to give a connected account of the geology of this area it has 
been necessary to duplicate in small measure some of the for
mer descriptions; this is true of part of the descriptions of some 
of the clastic rocks, the argillytes, graywackes and conglomer
ate. But some of the earlier accounts have been enlarged 
somewhat, and to the whole has been added a number of petro
graphical descriptions. The points of special interest in this 
paper, which have not been presented previously, are: (1) 
Petrographical description of the anomalous green schists. 
(2) Notice of a small area of hornblende porphyrite. (3) Inves
tigation of the petrography of the granite, which is shown to be 
of a rather uncommon and interesting type-an augite soda
granite. (4) Evidence is brought forward to show tha.t the 
granite is of truly eruptive origin and that it is not a recrystal
lized condition of the sediments of the region in situ, as it has 
been considered in most of the previous papers on this region. 

All of the field work and part of the laboratory work for the 
preparation of this article was done while the writer was in the 
employ of the Geological and Natural History Survey of Min
nesota. During the summer of 1891, while studying several 
granite areas in northeastern Minnesota, several days were de
voted to the granite of Kekequabic lake, and again, in the sum
mer of 1892, more time was employed in studying the rocks 
around this lake. Thanks are due to Prof. N. H. Winchell, 
State Geologist of Minnesota, for assistance and advice during 
the prosecution of this work, and for his kindness in allowing 
part of the investigation to be carried on outside of laborato
ries of the Survey. 

The writer also desires to express his sincere thanks to Prof. 
George H. Williams of the Johns Hopkins University for kindly 
aid and numerous suggestions from the beginning to the end 
of this investigation. To him is due in large measure whatever 
of merit this paper may possess. 

The analyses were made by Profs. J. A. Dodge and C. F. 
Sidener of the University of Minnesota. 



CHAPTER I. 

GENERAL DESCRIPTION OF THE AREA STUDIED. 

LOCATION. 

The area described in this paper is a small portion of the 
triangle in Minnesota which lies between lake Superior and 
the Canadian boundary. This part of the state is made up of 
more or less highly crystalline rocks of pre-Cambrian age. 
The region described is about the centre of the northern side 
of this triangle. Kekequabic lake, the geology of whose shores 
is here presented, lie~in the northeastern part of Lake county, 
in latitude 48 0 2' north and longitude 91 0 6' west of Greenwich. 
It is less than two miles south of Knife lake, which is one of 
the narrow bodies of water forming the boundary between Min
nesota and Ontario. 

The exact position of Kekequabic lake can be seen on Plate 
XLI, "Geological map of northeastern Minnesota," of Irving's 
paper "On the classification of the early Cambrian and pre-Cam
brian formations."* A larger and more accurate map of the 
region is that included in the "Fifteenth (1886) Annual Report 
of the Geological and Natural History Survey of Minnesota"; 
and a still better one is that found in "The iron ores of Minne
sota. "t 

The accompanying sketch map (Fig. 1) shows the western 
part of the lake Superior basin and the adjacent territory. A 
glance at this map will give a general idea as to the location of 
the region to be described in this paper. The star shows the 
approximate position of Kekequabic lake. 

An area extending five miles in an east and west direction and 
about the same distance north and south is represented in the 
geological map (Plate II) and is the area described. It con-

*u. S. GeologIcal Survey, 7th Ann. Rept, pp. 365-454, 1888. 

tGeol. and Nat. Rist. Survey of Minn., Bull. No.6, 1891. 
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tains sections 29, 30. 31 and 32 of township 65 N., range 6 W. of 
the 4th Principal meridian; sections 25, 26, 27, 34. 35 and 36 of 
T.65 N., R. 7 W.; sections 5, 6, 7 and 8 of T. 64 N., R. 6 W.; and 
sections 1, 2, 3, 10, 11, 12 and the east half of section 4 of T. 64 
N., R. 7W. 

FIG. 1. Sketch map of the western end of lake Superior and adjacent territory 
showing the location of Kekequabic lake. 

TOPOGRAPHY. 

The surface is rough and hilly, though not strictly mountain
ous. The elevations consist of more or less broken parallel 
hill ranges, which trend a little north of east. The most im· 
portant of these ridges lies along the south side of Kekequabic 
lake. In the southwest quarter of section 36, T. 65 N., R. 7 W., 
this range attains a hight of 240 feet above the lake level; 
farther east,-in the S. E. t section 31, T. 65 N., R. 6 W., 
-it rises over a hundred feet higher, and two miles farther 
ea.st, just outside the area, of the map, are the twin peaks 
which are more than 500 feet above the lake or 2,000 feet above 
sea level. These peaks are visible for many miles in any direc-
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tion and form the highest land in the northern part of Lake 
county. Kekequabic lake, as ascertained by level, is 1,498 feet 
above the sea. On the north shore of the lake is another no
ticeable ridge attaining an elevation of 260 feet in t1e N. E. t 
section 35, T. 65 N., R. 7 W. Mallmann's peak is a continuation 
of the same ridge in the S. E. t section 30, T. 65 N., R. 7 W.; 
its summit is some 250 feet above the lake, its southeastern 
front rising in an almost vertical precipice for 200 feet. The 
two hill ranges above mentioned are by far the most conspic
uous in the area under consideration, but lower elevations of 
gentler slope are common. The western shores of the lake 
are compara'tively low, and oftentimes the land is swampy for a 
considerable distance from the water's edge. 

By far the larger part of the land surface is rough and hilly. 
The hills are almost entirely of rock, there being no drift 
ridges, but some of the elevations have parts of their surfaces 
covered by a thin mantle of glacial material. Between the hills 
lie lakes, which constitute about a third of the surface. There 
are also some low areas, which are swampy, but these are of 
considerably less extent than the lakes, The surface may be 
roughly divided into three parts,-hills, lakes and swamps,
in the relative proportions of 3, 2 and 1. 

Very noticeable features of the topography are the precipi
tous cliffs, which rise vertically from the water's edge to the 
hight of from 10 to 200 feet. The highest of these, Mallmann's 
peak, has already been mentioned. Others occur on the north 
and south sides of Stacy island and along the south shore of the 
lake a short distance east of this island. These cliffs, as a rule, 
face toward the north or the south and they lie parallel with 
the hill ranges and the long axes of the lakes. It is quite prob
able that the cliffs occur along lines of faulting. 

LAKES AND DRAINAGE. 

The lakes of this region lie in rock bound basins, and a large 
number of them are elongated in a direction parallel with the 
hill ranges. From one rocky basin a short, rapid stream car· 
ries the water down to the next lower basin; in this way the 
greater part of the drainage is accomplished. These streams, 
connecting one lake basin with another, often have a considera
ble fall in a short distance; for instance the outlet of Epsilon 
lake, through which the waters from Kekequabic lake flow, 
descends 80 feet in a distance of about 100 yards. One of the 
cascades of this stream is shown in Plate I, Fig. 1. 
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Kekequabic lake, the largest in the area studied, is clear and 
deep. It is a na.rrow body of water, some five miles in length; 
its eastern half never reaches a width of more than half a mile, 
while its western part is broader, being nearly a mile and a 
half wide. To the north of Kekequabic lake lie several smaller 
lakes, more shallow and not surrounded by as noticeable hills. 

The streams of the region, excepting those connecting one 
lake with another, are small and insignificant. They have cut 
no appreciable channels of their own and have carried very' 
little sediment into the lakes. In no place has a stream begun 
to build a delta at its mouth. Since the lakes serve as resting 
places for what little sediment is brought down by these 
streams, the larger streams flowing from one lake to another 
are practically free from suspended material and so have little 
eroding power, even though they are often very rapid. Thus 
the surface is suffering comparatively lIttle denudation and 
presents now almost the same contours and depressions which 
existed when the ice sheet departed. Then, as now, there were 
hills and deep valleys filled to their edges with water, and since 
then these lakes have been lowered very little by the wearing 
down of their outlets. The whole drainage follows the depres
sions left by the ice sheet and is not dependent on the charac
ter of the underlying material, be it drift or crystalline rock. 
The drainage of Lhe Kekequabic basin is toward the north, 
through several small lakes lying north of the east end of this 
lake, to Knife lake,-one of the series of International Boun
dary lakes belonging to the Rainy Lake system. 

SOIL AND FOREST. 

The land surface is covered by but a thin layer of soil. 
This consists in places of glacial material, but where drift de
posits are lacking a layer of soil of only a few inches thick
ness has accumulated. This scanty soil is entirely sufficient, 
even when but tbree inches deep, to support a luxuriant forest 
of conifers;-in fact the surface is usually covered by a thick 
growth of black pine (Pinus ban7csiana Lambert), red pine (P. 
resinosa Ait.) white pine (P. strobus L.), balsam fir (Abies bal· 
samea Marshall), black spruce (Picea nigra Link.) and arbor 
vital (Thuya occidentalis L. ); the last two are confined mostly to 
the lower ground. Considerable areas of the forest were burnt 
some years ago and these areas are now covered with a thick 
and tangled second growth, in which the white birch (Betula 
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papyrijera Marsh) and aspen (Populus tremuloides Michx.) play 
an important part. This dense growth, coupled with thickly 
strewn fallen logs, renders exploration of such areas unusually 
difficult. . 

ROCK EXPOSURES. 

Around the lake shores there are rather frequent exposures. 
The outcrops vary greatly in size, and their frequency and ex· 
tent do not seem to be conditioned by the character of the rock, 
the softest and most easily eroded often extending for consid· 
erable distances along the laKe shore; this is especially notice· 
able in the case of the soft, fissile, green schist, which is seen 

. in such large development along the north side of the central 
. part of the lake. However, there are stretches of shore a 

quarter of a mile or more in length where no rock is to be seen 
in situ; this is generally true along the low and swampy shores 
and in a few other places where there are larger accumulations 
of drift than is usual. In some cases, as before mentioned, al
most vertical cliffs rise directly from the water's edge from 10 
to 200 feet above the lake surface. Along these cliffs and else
where on the steeper hillsides numerous and extensive expos
ures are accessible. Along the streams there are fewer out
crops than would be expected, for the streams usually flow in 
depressions more 01: less tilled with glacial material and they 
have as yet but infrequently cut down to the underlying rock; 
in fact their channels are generally boulder filled, and, contrary 
to a geologist's expectation, he can find little clue to the under
lying rocks by following up these stream beds. Many of the 
hills, especially those of gentle slope, show no outcrops, and it 
is only on their summits and steep sides that one finds many 
large exposures away from the actual lake shore. The com
parative thinness of the drift and its almost total absence over 
areas of some extent would seem favorable to the existence of 
more extensive exposures than are to be found. But in many 
cases where the drift is almost ab!,ent vegetation has gained a 
foothold, and at present the rock is covered with soil, moss, 
rock-fragments and decaying sticks and logs, the whole form
ing a layer two inches to two feet in thickness, firmly bound 
together by numerous roots, so that with the aid of merely a 
hamm:er the subjacent rock is as inaccessible as when buried 
under several feet of drift. 

The weathered and decayed rock of the whole region has 
been almost completely carried away by glacial action; and 

26 
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since the departure of the ice there has been but little surface 
decay, such as there is extending but a fraction of an inch be
low the surface. Thus the exposures, with few exceptions, 
furnish clean and unweathered specimens. The only rock 
which shows evidence of post-glacial decay and alteration is 
the green schist, and this is decaying in but a few places, the 
most noteworthy being on the extreme western side of the 
promontory from the north side of the lake, at the northeast 
corner of section 31, T. 65 N., R. 6 W. From this it is not to 
be supposed that the rocks are in a perfectly unaltered state, 
for their minerals have been more or less affected by destruc
tive processes, other than mere surface weathering, acting 
through long geological ages, but the rocks are now in prac
tically the same condition as at the end of the Glacial period. 

OUTLINE OF GEOLOGICAL FEATURES. 

The northern edge of Lake county, where Kekequabic lake 
is situated, is composed entirely of pre-Cambrian rocks, which 
have suffered more or less metamorphism. Leaving out of 
consideration their exact stratigraphical positions and desig
nations, we shall proceed to a very brief description of the 
various rock types. The discussion as to the nomenclature, 
precise age and relatiouships of the various formations is re-
served for another part of this paper. ' 

By far the larger proportion of the rock masses represented 
in this area are sedimentary in character, but some of the ma
terial is of volcanic origin and some of this was probably de
posited in water. These sediments may be divided for conven
ience into four groups, although this division is arbitrary to 
some extent, as the different groups are not always sharply 
separated from one another. The first and by far the most 
widely developed group is that which may be termed the slate 
formation. This consists largely of argillytes, with smaller 
amounts of fine and coarse graywackes and grits. The argill
ytes, graywackes and grits are closely associated with each 
other, being oftentimes intimately interbanded, so that it is 
impossible to map them separately. The coarser facies of the 
rocks just mentioned often become distinctly conglomeratic in 
small areas, and in other places there are conglomerates which 
are composed of very coarse boulders;-these conglomeratic 
rocks form the second group. The third group is made up, of 
certain peculiar, fissile, green schists, which have usually been 
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called chloritic schists. While the fourth group is composed of 
more or less marked fragmental volcanic material, which in 
places shows a banding apparently due to deposition in water. 
These clastic rocks have been greatly disturbed since their de
position, and they now stand in nearly vertical positions with a 
strike that is a little north of east. 

Sharply marked off from the clastics are four types of ig
neous rocks, whose age, with perhaps the exception of the first, 
is later than that of the surrounding clastics. The first of these 
igneous rocks is a peculiar, purple, hornblende porphyry, more 
precisely a hornblende porphyryte. The other rocks of igne
ous origin are granite, diabase and gabbro. The first is divis
able into two types,-the ordinary granite and a granite por
phyry, the latter of which is seen only in small patches. These 
two types of granite are of interest from the fact that their 
ferro-magnesian constituent is almost exclusively pyroxene 
and that the predominating feldspar is anorthoclase. The 
diabase is found only in a few small dykes cutting all the 
other rocks, excepting possibly the gabbro. Unconformably 
above all the other rock series is a coarse grained gabbro. 
The country shows no remains of any strata younger than the 
gabbro, which is of Keweenawan age, and older than the drift. 

PREVIOUS LITERATURE. 

The descriptions of the rocks of Kekequabic lake are to be 
found almost wholly in the reports of the Geological and Nat
ural History Survey of Minnesota, and a list of references to 
this locality is here appended (I). Under each reference are a 
fev.' words briefly explaining the character of the descriptions; 
the articles are given in order of date of publication. Following 
this list is another (II) giving the titles of the more important 
papers which relate to the rocks of northeastern Minnesota 
that occur at Kekequabic lake; this second list makes no pre
tensions to completeness. 

1. Articles relating to Kekequabic Lake. '* 

1882.-N. H. Winchell. lOth (1881) Ann. Rept., pp. 92-93. 
A single specimen (No. 751) of peculiar porphyry (hornblende por
phyryte) is reported from Maltmann's peak. 

*All the articles in this list, excepting the last, are to he found in the publications 
of the Geological anu Natural History Survey of Minnesota. 
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1887.-M. E. Wadsworth. Bull. No.2, Preliminary description of the peri
dotytes, gabbros. diabases and andesytes of Minnesota, pp. 124-125. 
A microscopical description of the above mentioned specimen of 
hornblende porphyryte is given and sections of it are figured (PI. 
X, Figs. 1 and 2). 

1887.-A. Winchell. 15th (1886) Ann. Rept, pp. 148-11:.6. 
Detailed field descriptions confined mostly to the south shore of 
the lake. 

1887.-N. H. Winchell. 15th (1886) Ann. Rept., pp. 361-369. 
Field notes on the rocks of the lake shore. Special attention is 
given to the structure and origin of the gneiss (granite) and por
phyry (granite porphyry). 

1888.-N. H. Winchell. 16th (1887) Ann. Rept., pp. 100-108. 
A continuation of the last report with some general statements 
eoncerning the genesis and relationships of the various rock-series. 

1888.-A. Winchell. 16th (1'887 J Ann. Rept., pp. 321-327. 
Field notes about Epsilon lake. An unconformity is noticed be
tween the Animikie and Keewatin and mention is made. of several 
exposures of purple porphyry (hornblende porphyryte). 

1893.-U. S. Grant. 20th (1891) Ann. Rept., pp. 69-82. 
Field notes on the Tegion about Kekequabic lake, with special 
reference to the granite. It is st.ated that the gneiss of the 
former reports is a fine grained pyroxene granite and that the 
porphyry is a pyroxene granite porphyry. 

1893.-U. S. Grant. Note on an augite soda-granite from Minnesota; 
Amer. Geologist, vol xi, No.6, pp. 383-3t58. 
A preliminary petrographical description of the granite of Keke
quabic lake is given. It is shown that the rock is an augite soda
granite with a large percentage of soda, which finds expression in 
the composition of the augite as well as in that of the feldspar. 

II. Articles on northeastern Minnesota and adjacent territory . 

N. H. Winchell.-Geol. and Nat. Hist. Survey of Minn., 7th (1878) Ann. 
Rept., 1879.-9th (1880) Ann. Rept., 1881.-lOth (1881) Ann. Rept., 
1882.-11th (1882) Ann. Rept., 1883.-13th (1884) Ann. Rept., 1885. 
-15th (1886) Ann. Rept., 1887.-16th (1887) Ann. Rept., 1888.-17th 
(1888) Ann. Rept., 1889.-20th (1891) Ann. Rept., 1893. 
The Norian of the Northwest; Geol. and Nat. Hist. Survey of 
Minn., Bull. No.2, pp. iii-xxxiv, 1893. 

R. D. Irving-The copper-bearing rocks of Lake Superior; U. S. Geol. 
Survey, Mon. vol. 5, 1884. 
Preliminary paper on the investigation of the Archffian formations 
of the northwestern states; U. S. Geol. Survey, 5th Ann. Rept., pp. 
175-242, 1885. 
On the classification of the early Cambrian 'and pre-Cambrian 
formations; U. S. Geol. Survey, 7th Ann. Rept., pp. 368-454, 1888. 

A. C. Lawson.-Report on the geology of the Lake of the Woods region, 
with special reference to the Keewatin (Huronian?) belt of Arch
rean rocks; Geol. and Nat. Hist. Survey of Canada, new aeries, vol. 
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1, pt. CC, 1885. Report on the geology of the Rainy Lake region; 
Seol. and Nat. Rist. SurveY of Canada, Ann. Rept. 1887, vol. iii, 
pt. F, 1889. 

A. Winchell.-Geol. and Nat. Rist. Survey of Minn., 15th (1886) Ann. 
Rept., pp. 7-207, 1887.-16th (1887) Ann. Rept., pp. 131-391, 1888. 
Conglomerates enclosed in gneissic terranes; Amer. Geologist, 
vol. 3, pp.153-165, 256-262, 1889. 

H. V. Winchell.-Geol. and Nat. Rist. Survey of Minn., 15th, (IS86) Ann. 
Rept., pp. 401-417, 1887.-16th (1887) Ann. Hept, pp. 393--463, 1888. 
-17th (1888) Ann. Rept., pp. 75-145, 1889. 

N. H: and R. V. Winchell.-The iron ores of Minnesota; Geol. and Nat. 
Rist. Survey of Minn., Bull. No.6, 1891. 

C. R. Van Hise.-An attempt to harmonize some apparently conflicting 
views of Lake Superior stratigraphy; Amer. Jour. ScL, 3, vol. xli, 
pp. 117-137, Feb .. 1891. 
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CHAPTER II. 

THE ROCK FORMATIONS REPRESENTED. 

In this chapter the different rock formations occurring in the 
area studied are considered in succession, but two of them
the granite and the porphyryte-are reserved for a more de
tailed treatment in the following chapters. In the first place 
the different formations, already briefly mentioned iu an "Out
line of geological features" in Chapter I, are to be considered 
lithologically ana. structurally. These will be taken up in the 
order of their supposed ages, and the discussions as tq their 
comparative ages and relationships are brought together at 
the end of this chapter. It is fair to state at the outset that 
the following division of the clastic rocks is partly for conven
ience in description, and is not wholly due to the fact that they 
can all be distinctly separated from each other in the field or in 
hand specimens. Nevertheless, it is possible to recognize more 
or less distinctly the following rock types:-argillyte, gray
wacke, grit. conglomerate, green schist and volcanic tuff. The 
first three are often so intimately interbedded that it is impossi
ble to separate them in mapping and general description; COll!'1e
quently they are grouped together and form what is termed the 
slate formation. The other types are more easily separated 
from each other and from the slate formation, and they have 
therefore each been mapped separately; but the boundaries 
shown on the geological map (Plate II) are of onlyapproxi
mate correctness for this reason: these rock types often seem 
to pass by insensible transitions into one another and each 
occcurs in small amounts interbanded with the others so that 
separation is not possible. However, there are certain areas 
where one type covers a large proportion of tha surface and 
such areas have been mapped as though composed of that type. 
The conglomerates have been included in the rocks to which 
the above remarks apply, although there is a possibility that 
the coarse conglomerate is of a later age than the surrounding 
clastics; this question will be considered in another place. 
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THE ANC1ENT CLASTIC ROCKS. 

These form the country rocks of the region; geographically 
they cover perhaps three fourths of its area. The different 
parts of this series,-the slate formation, the green schist, the 
tuff and the conglomerate,-are more or less closely related 
and have many characters in common. 

The strike, with some local exceptions, varies from N. 40° 
E. toN. 75° E., the average being about N. 60° to 65° E., which 
is the usual strike of similar rocks in this part of the state. 
The dip varies a few degrees either side of the vertical, but 
rarely becomes lower than 70". This general strike and dip 
are practically constant over the whole area. There is, how
ever, one noticeable exception to the general strike of the rocks 
of this region; this is in the west half of section 6, T. 64 N., R. 
6 W., where for a considerable distance the strike is almost ex
actly north and south, the dip being about vertical. 

The clastic rocks have been subjected to considerable dy
namic action and as a result all except the coarse conglomerate 
have acquired slaty and schistose structures in many places. 
This is especially true of the argillytes and green schists, but 
in most cases where undoubted stratification appears it is 
practically coincident with the slaty or schistose structure. 
There' are however many outcrops which show one of these 
secondary structures without exhibiting any distinct lines of 
sedimentation. And in this connection it should be stated that 
evidences of sedimentation are lacking over exposures of con
siderable size; this is especially the case in the conglomerates, 
tuifs, graywackes and grits, but is also true to a less extent in 
the argillytes. All of the clastic rocks, excepting the green 
schists and argillytes, are often seen possessing no evidence 
either of sedimentary lamination nor of secondary parallel 
struCtures; in such cases the graywa<okes frequently present 
the appearance of fine-grained massive rocks. 

The slate formation. 

The larger part of the area described is composed of'rocks 
belonging to this formation. It includes almost all the north
ern half of the region mapped,-in fact the whole portion of 
the area north of Kekequabic lake, except small areas of green 
schist, tuff and hornblende porphyryte, is made up of rocks 
belonging to this formation. It also occupies the eastern side 
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and all of the southeastern quarter of the map, but does not 
occur in the southwestern quarter. These rocks reach a greater 
development outside of the immediate vicinity of Kekequabic 
lake and form a large proportion of the Keewatin rocks in 
Minnesota. 

Lithologically the slate formation is divisible into three 
parts:-argillyte, graywacke and grit. The first covers some 
areas almost exclusively, but the others. while found in large 
amount, are never entirely free from bands of argillyte. Still 
there are certain portions of the surface where grit or gray
wacke is developed to almost the complete exclusion of the ar
gillytes. These three types of rocks are found grading into 
each other. This is especially noticeable in the case of the 
graywackes and argillytes, the finer grained slaty facies of the 
former passing by indistinguishable steps into gray argillytes. 
In mapping it is of course impossible to separate areas of ar
gillyte from those of grit or graywacke as they are so inti
mately interbedded, but under the description of each is given 
its distribution in areas where the two others are largely absent. 

Argillyte.-The larger part of the region north of Kekequabic 
lake and also a considerable part of section 6, T. 64 N., R. 6 W. 
is occupied by argillytes. They are found in their best d~vel
opment, comparatively free from bands of grit and graywacke, 
just to the west and northwest of Kekequabic lake and around 
the shores of Epsilon lake. In color the argillytes are gener
ally rather dark, nearly black or dark gray, but they often vary 
towards greenish and lighter gray tints and in one place near 
the corner of the bay, in which is Stacy island, to a reddish 
shade. Evidences of stratification are quite generally present,. 
being shown by alternating bands of lighter and darker shades, 
these bands usually being from one quarter of an inch to an. 
inch in width. Rarelythere'are seen areas of the darker slates 
where sedimentary lines are obscure or entirely lacking. The 
darker varieties show the best developed slaty cleavage, but in 
no place is this continuous and perfect enough to make the 
beds of economic importance. 

The argillytes vary in composition in two general directions. 
First, by the addition of more and more silicious matter, they 
grade into silicious schists; variation in this direction is marked 
by a change in color to lighter and lighter gray. When the 
silica becomes more abundant and is in distinct grains the rock 
is approaching the graywackes and grits. Variation in the 
second direotion is due to the addition of a chloritic or horn-
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blendic (actinolite?) constituent often accompanied by an in
crease of silica; the rock thus assumes a greenish color and a 
less cleavable character. Such green slates are tough and 
very hard. In one place near the southeast end of Pickle lake 
there are narrow bands of red and black jaspilyte interbedded 
with these green slates. These jaspilyte bands are the nearest 
approach to iron ore in the immediate vicinity of Kekequabic 
lake. Another direction of change for the argillytes is toward 
sericitic schists; this variation is not seen commonly at Keke
quabic lake, but is sho~n to some extent. 

Graywacke.-This rock occurs in its best development around 
the east end of Kekequabic lake. It is seen in especially fine 
exposures in the S. W. t section 29, T. 65 N., R. 6 W. It varies 
in grain from quite coarse graywacke, with quartz grains -r\- to 
-k inch in diameter, to a very fine gray slate. The coarser 
facies occur in massive beds from a few inches to many feet in 
thickness, and often show no parallel structures, either original 
or induced. Since this rock has been fully described in the re
ports on northeastern Minnesota it seems preferable to give a 
few quotations from the published descriptions of Dr. Alexan
der Winchell than to attempt any new description. 

"The best characterized graywackes are obscurely bedded, 
dark gray and composed of fine grains of quartz and feldspar 
mostly but not exclusively monoclinic, all imbedded in a sparse 
or copious groundmass of a silico-argillaceous character. Dis
seminated through the rock are generally some black specks 
of an anthracitic character. Peroxide of iron also, is often 
present. From the condition thus described the variations are 
very marked. Often through an excess of quartz and a high 
silicification of the groundmass, the rock becomes impure-flinty, 
and under the influence exerted by heat, has acquired a ringing 
hardness, accompanied by two or three sets of jointage planes, 
which divide the mass into cuneiform portions. It thus seems 
to answer the description of hornfels. This condition is approx
imated very frequently. But, far from being persistent, we 

. often see it pass rapidly into a well bedded terrane. In another 
direction, the feldspathic constituent exists in increased quan
tity, and the dark aspect of the other ingredients gives the 
rock a diabasic look, especially when, as is mostly the case, all 
bedded structure is completely disguised. At times it is al
most impossible to decide macroscopically whether the rock IS 

a real diabase, an anamesitic doleryte, or only an altered and 
aberrant graywacke."* 

*Geol. and Nat. Rist. Survey of Minn., 16th (1887) Ann. Rept., p. 339. 1888. 
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. 'A very conspicuous feature of the schist belt is the frequent 
and abrupt transition from a pronounced slaty structure to a 
massive structure, in which the bedding planes are obscure, 
and in many cases scarcely discoverable_ These massive con
ditions present the ordinary external appearance of diabase, 
and sometimes of dolerite; and it requires many observations 
to convince one's self that none of these are truly eruptive. At 
times these masses are cut by joints into cuneiform cuboids, 
ringing and flinty, precisely like rocks of eruptive origin; and 
if one were to restrict his observatio\ls to a few such occur
rences, he would feel persuaded that large portions of the re
gion are occupied by true dykes of enormous extent. But with 
surprising abruptness these rock-masses are seen assuming a 
more earthy character and losing their eruptive features. Close 
by, the lines of an ancient stratification come into view, and 
these always conform to the rule of the region. The rock may 
now be seen more distinctly to contain an important quartzose 
constituent. This is sometimes in fine, almost indefinite grains 
and sometimes a silicious groundmass. A different condition 
of the rock contains, with more or less quartz, a considerable 
feldspar-mostly orthoclase, but partly triclinic. This appears 
sometimes in distinguishable grains imbedded in the silicious 
or silico-argillaceous ground mass, and sometimes as a felds
pathic groundmass holding obscure grains of quartz. Not un
frequently the groundmass appears to be a real petrosilex. In 
all cases the rock possesses great hardness and toughness. 
These are the macroscopic characters of a range of rocks 
which I have called graywacke."* 

Grit.-This name is applied to a part of the slate formation 
which makes up the north side of the high hill in the S. E. t 
section 31, T. 65 N., R. 6 W. The rock called grit is very inti
mately interbanded with fine bands of argillyte. The beds of 
grit vary from a fraction of an inch to fifty feet in width, and, 
aside from the interbanding of the argillite, show no sedimen
tary lamination or slaty cleavage. 

This rock seems to be somewhat different from anything that 
has been described in the Minnesota reports; it was mentioned 
by the writer in one place, t but no special description was 
given. It is a dark gray to black rather fine grained rock 
showing numerous macroscopic glistening quartz grains and a 
few feldspar grains imbedded in a dark ground mass. The 

'Ibid., 15th (1886) Ann. Rept., pp. 173-174, 1887. 

tIbid., 20th (1891) Ann. Rept., p. 79, 18Y3. 
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grains of quartz and feldspar and rock fragmentb (to be men· 
tioned below) are usually from one-half to two milimeters in 
diameter,-often smaller and rarely larger. Under the micro
scope the rock is seen to be composed of sub-angular frag
men~s of quartz and feldspar imbedded in a groundmass, which 
is made up almost entirely of green hornblende. The horn· 
blende occurs in fibers and irregular grains. The fibers often 
are of minute size and penetrate the rock mass in all directions; 
they even seem to extend for short distances into certain 
quartz grains. Small Jragments of various massive rocks are 
also present, noticeable among which are a porphyryte and a 
fine grained granite porphyry very similar to the porphyritic 
facies of the granite of the region, but showing no augite. The 
grit thus appears to be a rather impure sandstone with consid· 
erable interstitial matter, which has recrystallized as horn
blende. 1'his development of hornblende in the clastics of 
northeastern Minnesota is of interest as it is of so widespread 
occurrence. It has been noticed in the quartzites of the Ani
mikie* and in the Ogishke conglomerate, and, as will be men
tioned below, is very characteristic of the green schists and 
tuffs. 

GTeen schist. 

Within the area under consideration there occur certain green 
schists of a rather anomalous character. They are of a dull . 
green color and are rather soft, crumbling easily under the 
hammer. These rocks have been often described in the re
ports on this region as "soft green schists" and "chlOI"itic 
schists," but, as is shown below, they are essentially composed 
of hornblende. 

These schists are found well developed in some places. A 
small belt occurs just north of Kekequabic lake in the E i sec
tion 34, T. 65 N., R. 7 W.; also at the west end of the lake in 
the N. E. i section 4, T. 64 N., R. 7 W., along the N. i section 
11, T. 64 N., R. 7 W., and on the south shore in the N. W. i 
section 32, T. 65 N., R. 6 W. But by far the largest and most 
typical exposures are to be 'seen in a narrow belt along the 
north side of the lake in sections 35 and 36, T. 65 N., R."7 W., 
and the S. W. i section 31. T. 65 N., R. 7 W.; perhaps the best 
of these exposures occur on the small islands near the center 
of section 36, T. 65 N., R. 7 W. 

*W. S. Bayley. Notes on t,he petrography and geology of the Akeley Lake region in 
northeastern Minnesota; Ibid., 19th (1890) Ann. Rept., p. 194, 1892. 
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These outcrops almost everywhere show a distinct schistose 
structure, which is more pronounced where the rock has weath
ered_ There are also in many places clearly defined lines of 
sedimentation; these can be seen in great perfection on a little 
island' in the S. W_ ;. section 35, T. 65 N., R. 7 W. And here, 
as well as at some other localities, there are numerous rounded 
green pebbles of about the same composition as the green 
schist. These pebbles are clearly brought out by weathering 
and wave action, being slightly more resistant to these agen
cies of destruction than the rock itself, which decays and 
crumbles readily. There are also occasionally seen quartz 
bebbles arranged in parallel lines, thus giving additional traces 
of original sedimentary planes. 

The green schist is usually of rather fine grain and is some
times so fine that it a.ppears homogeneous. In the coarser va
rieties it macroscopically seems to be composed of small. glis
tening flakes in an unindividualized groundmass. Under the 
microscope the rock is seen to consist of closely crowded green 
hornblende crystals imbedded in a fine fibrous groundmass. 
These hornblendes are usually in short stout prisms but little 
elongated in the direction of the vertical axis. They are rarely 
more than half a millimeter in length and the average are not 
more than half this size. They are commonly not completely 
idiomorphic, although sometimes they are. The prismatic 
'planes are, however, very generally quite distinct, but the ter-' 
minal faces are not so often well developed and are usuallyen
tirely absent. The horl'lblende is of the usual green' variety, 
although some crystals are inclined to a brownish shade. Its 
pleochroism is quite distinct, a: being light greenish yellow, 
b olive green to brownish, and J; bluish green_ The absorption' 
formula is J;>b> lX, although the rays vibrating parallel to J; 
and b are nearly equally absorbed, and the color is frequentl.y 
almost the same in the direction of both of these axes. 

The ends of many of the hornblende crystals, as stated above, 
show no terminal planes, but they have fibrous prolongations 
running out into the groundmass. These fibrous ends are com
monly not sharply marked off from the crystal proper and no 
line can be drawn between them, the fringe being of the same 
color as the restlof the crystal and optically continuous with 
it. It however happens that some of the hornblendes, es
pecially those of a brownish shade, show sharp terminal planes, 
beyond which is the fibrous growth optically continuous with 
the crystal; but this fringe is of a different shade from the crys.-
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tal proper, being greenish instead of brownish. These fringes 
are always confined to the ends of the crystals and are.not seen 
on the prismatic planes 

The fringes of hornblende fibers closely resemble the sec· 
ondary enlargements of hornblende grains and crystals de
scribed by C. R. Van Hise* and they also appear very similar to 
those figured from the Menominee region of Michigan by G. 
H. Williams, who considers them not to be secondaryenlarge
ments but "the result of bleaching and fraying out of originally 
compact hornblende."t It seems to the writer that the fibrous 
rims in the green schist under consideration are due to enlarge
ment or a second period of hornblende growth, as the rock is 
perfectly fresh and shows no evidence that the hornblende has 
suffered bleaching. 

The groundmass of the green schist is quite fine and is com
posed almost entirely of interlacing fibers of hornblende. 
There are also small areas of colorless, weakly refracting, 
substance which is apparently saussurite; the hornblende fibers 
penetrate this in all directions. 

The original nature of the green schist is not very evident. 
That it is a water deposit is, however, clear. As already men
tioned it often shows distinct sedimentary lamination and the 
laminre are frequently seen, where the rock has been more or 
less crumpled, running in wavy lines at various angles to the 
schistose structure. The difference between the laminre 
appears usually only on weathering, as some are more resistant 
than others. One thin section cut across the lamination and 
schistosity. where these are parallel, shows many cross sections 
of hornblende, thus proving that a considerable number of the 
hornblende crystals have their vertical axes lying approxi
mately parallel to the schistose planes of the rock. To the 
cleavage of these crystals is due, at least in some measure, the 
schistose structure of the green schists. This section also 
shows two laminre, the only difference between them being 
that in one the hornblendes are noticeably larger and that there 
is a small amount more of the saussurite substance than in the 
other. It seems improbable that the fresh and sharply outlined 
crystals of hornblende should have been deposited in that state, 
and so the rock appears to have been entirely recrystallized 
from its original condition. If such is the case there would 

*Enlargements of hornblende fragments; Amer. Jour ScL, 3, vol. xxx. pp. 231-235, 
Sflpt., 1885. 

tThe greenstone schist areas of the Menominee and Marquette regions of Michigan; 
U. S. Gcol. Survey, Bull. No. 62, ,po 126, fig. 19, 1890. 
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seem to have been two periods of hornblende formation, to the 
second of which belong the fibrous enlargements of the crys; 
tals and very likely the fibrous groundmass. 

The occurrence of sharply outlined crystals of hornblende of 
secondary origin in a clastic rock has already been mentioned. 
Reusch* has described a conglomerate from Norway in which 
there are hornblende needles (" epigenetic hornblende") lying 
in the matrix of the conglomerate, and also running from the 
matrix into the pebbles, thus proving the secondary origin of 
the hornblende. 

As to just what was the nature of the original sediment 
which formed the green schist it is impossible to decide, but it 
seems probable that it was a fine water deposited volcanic ash, 
now entirely recrystallized. This idea is strengthened by the 
fact that these green schists are rather intimately connected 
with the next rock type,-an undoubted tuff,-and the two 
grade together; and in the latter are also found similar crystal
lizations of hornblende. 

Volcanic tIt.C". 

Extending along the central part of the north shore of Keke
quabic lake and separated from the water by a narrow belt of 
green schist, is a prominent ridge ending on the east in Mall
mann's peak. This ridge is made of hard tough rock, which, 
excepting at its eastern end. is different from any rock in the 
vicinity. It varies much in general appearance but is usually 
of a greenish color with an aphanitic base in which are seen 
numerous lighter blotches and changes of color. Between 
these blotches, and sometimes in them, are black crystals of 
hornblende. Pyrite is also quite commonly seen. In certain 
places rounded and subangular pieces of quartz and argillyte 
are embraced in the rock, and it is also seen gradingin to the 
green schists. Parallel ban dings similar to sedimentary lamime 
also occur, sometimes quite abundantly, but usually the rock 
shows no structural planes of any kind, nor any schistose or 
slaty cleavage. 

In thin section this rock varies much, but its fragmental 
character is easily discernible. The original nature of the 
fragments, which are usually angUlar, is, however, not very 
evident owing to alteration and the development of second-

• Die Fossilien fllehrenden krystallinischen Schiefer von Bergen in Norwegen, p. 50, 
Leipsic, 1883. 
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ary minerals in the rock, but it 'seems that a porphyryte forms 
most of these fragments. Between the fragments and form
ing the groundmass of the rock, and often in the fragments 

. themselves. are many hornblendes similar to those in the green' 
schist. And there are also areas of secondary hornblende 
filling in old 'crystal outlines; what these crystals originally 
were is not clear, although they probably were pyroxenes. 

That the Keewatin rocks northwest of lake Superior are to a 
considerable extent composed of volcani.c (effusive) material 
has been stated already by G. M. Dawson, * A. C. Lawsont and 
N. H. Winchf:lll. Although the material of much of the Keewa
tin in Minnesota has been assumed to be volcanic tuff and finely 
divided, water-deposited ash, still the actual number of places 
where the rocks have been shown to be composed of such vol
canic matter is very small. M. E. Wadsworth has described a 
few sections of fragmental volcanic rocks-porodytest-, and 
N. H. Winchell has given an account of an agglomerate from 
Ely.§ Aside from these the writer knows of no descriptions of 
rocks from the Keewatin of Minnesota that are clearly shown 
to be of volcanic origin. That some of the rocks about Keke
quabic lake, especially the green schists, were composed of 
fragmental volcanic material has been suggested before. II 

Conglomerate. 

While conglomeratic patches of very limited extent, holdiilg 
only small pebbles, are found at various places in the rocks al
ready described, especially in the green schists, still these 

_areas have never been large enough or common enough to en-
title the rock to be designated as a conglomerate. However, a 
conglomerate containing numerous rounded and closely crowded 
pebbles, which often reach a size of over a foot in diameter, 
occurs near the south shore of Kekequabic lake at its narrowest 
point. There has been no unconformity found between this 
rock and the finer grained non-conglomeratic rocks near it, al
though the bedding in the conglomerate is obscure; and it 
seems to grade into the other rocks by simple loss of its peb-

* British N. A. Boundary Commission, 1875. 
t Geol. Bnrv. of Canada, vol. iii, pt. i,,1888. 
:j: Ibid., Bull. No.2, 1887. 
§ Amer. Geol., vol. ix, pp. 359-368, June, 1892. 
II N. H. Winchell. Geol. and Nat. Hist. Burv. of\Minn., 16th (1887) Ann. Rept., p. 

108,1888. 
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bles. This conglomerate is p~rt of what has been termed the 
Ogishke Muncie or simply the Ogishke conglomerate. It has 

. been frequently described and discussed as far as our present 
knowledge of it will allow, and consequently it need not be . 
further spoken of here. The reader is referred. to a paper by 
the writer where full references are given to the descriptions 
of this conglomerate and to the ideas that have been advanced 
concerning its stratigraphic relationships.* 

THE IGNEOUS ROCKS. 

There are four distinct types of igneous rocks represented 
within the area treated in this paper. In order of their proba
ble ages they are: porphyryte, granite, diabase and gabbro. 
Of these the first two have been made subjects of somewhat de
tailed investigation, the results of which are contained in the 
two following chapters. The other two types of igneous rocks 
are developed within the area studied only to a small extent, and 
they are therefore given but a brief description in this place. 

Diabase. 

Diabase is found in this area only in vertical dykes which do 
not form any very prominent features of the country. These 
dykes are of later age than, and cut all the other rocksof 
this region, with: the possible exception of the gabbro. The 
mdst westerly occurrellce of diabase is at the base of the 
small promontory in Kekequabic lake in the S. W. t section 
3, T. 64 N., R. 4 W. Here this rock was seen only in one 
place and the direction of the dyke is not known. A dyke 
thirty feet in width is found along the south shore of Spoon 
lake in the S. E. t section 26, T. 65 N., R. 7 W.; its direction is 
N. 40° E., and it is again seen a short distance to the northeast 
cutting across a point on the north shore and forming the cen
ter of a low ridge. Just to the west of this place and on the 
north side of the same lake is a fine grained dyke three feet 
wide; this runs almost at right apgles to the other. On the 
eastern half of Kekequabic lake are three dykes with a nearly 
north and south direction; each is seen on both sides of the 
lake. The most westerly is in the N. W. i section 31, T. 65 N., 
R. 6 W., and the most easterly is seen on the north shore in the 

* The stratigraphic position of the Oglshke conglomerate of northeastern Minne
sota; Amer. Geologist, vol. x, no. i, pp. 4-10, July • .1892 
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S. W. t section 29 and on the south shore in the N. W. t section 
32, T. 65 N .• R. 6 W. The other crosses the lake just east of 
Mallmann's peak; it appears above the water twice in its course 
across the lake and forms two small islands; this dyke has been 
described by N. H. Winchell'x- and by A. Winchell.! 

Just east of the centre of section 32. T. 65 N .. R. 6 W., is 
. another dyke running north and south, which has been traced 
but a short distance. Near the southwestern end of Epsilon 
lake are two more dykes; the smaller one, fifteen feet wide. 
runs in a northwesterly direction and is seen on both sides of 
the lake. The other is the largest seen in this region, being 
over 150 yards in width. It is very coarse grained in the centre, 

.. and sends off small branching dykes into the surrounding rock. 
A thin section of the diabase from the most easterlJT of the 

dykes that cross Kekequabic lake shows the rock to be a coarse 
ophitic aggregate of plagioclase and a pinkish augite. . There 
is considerable iron ore, probably magnetite, present and large 
amounts of secondary hornblende have been developed,not only 
as replacements of part of the augite but also in numerous films 
all through the section. The plagioclase is in places undergo
ing alteration to sericite. A section from the larger of the two 
dykes on Spoon lake is of medium grain and contains a very 
large proportion of augite. which however does not show as 
pronounced a pinkish tinge as that in the other section. Much 
of the plagioclase appears cloudy in ordinary light and under 
crossed nicols is seen to have largely altered to sericite. Sec-

. ondary hornblende is not as common as in the other dyke. 

Gabbro. 

This type of igneous rock occurs only along the southern 
side of the area studied. The gabbro is quite coarse grained 
and shows many variations, which have been described already 
quite fully, and no further mention of it need be made here ex
cept to refer to Irving's description§ and to those in the reports 
of the Geological and Natural History Survey of Minnesota.t 

* Geol. and Nat. Rist. Survey of Minn., 15th (1886) Ann. Rept., p. 368,1887. 16th 
(1887) Ann, Rept., p. 101,1888. 

;j: Ibid., 15,th (1886) Ann. Rept., p.153, 1887. 

§ The copper-bearing rocks of Lake Superior; U. S. Geol. Survey, Mon. V, pp.37-61, 
1884. 

tEspecially Bulletins Nos. 2 and 6; also some of the Annual Reports. 

3, G 
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However, it will be of interest to speak briefly of a peculiar 
rock, which is mapped as a contact rock of the gabbro. This 
has been mentioned many times in the reports of the Minnesota 
Survey as "muscovado." It is, as usually seen, a brownish, 
fine grain~d, granular, rock which easily crumbles under the 
hammer; this is, however, only the weather parts of the rock, 
and in fresh exposures it is dark gray, of granitic texture and 
rather fine grain. This rock is confined to the northern limits 
of the gabbro and is seen in many places along this line and to 
the south of it. It is now known that part of the rocks included 
under the term "muscovado" are altered portions of the Keewa
tin sediments, probably metamorphosed by the action of the 
gabbro. Such rocks can be especially well seen on the east. 
shore of Gabimichigama lake in section 32, T. 65 N., R. 5 W. 
On the other hand it seems very probable that large parts of 
the so-called "muscovado" will be found to be fine grained gab
bros;-perhaps a facies of the gabbro presented near its con
tact with the underlying rocks, or fine grained gabbros of a 
little earlier date than the main coarse grained gabbro mass. 
Sections of such rocks show them to be nothing but fine grained 
gabbros. 

DRIFT DEPOSITS. 

From the gabbro, which is of Keweenawan age, there are no . 
evidences of any other geological formations having been de
posited in this region until coming to the drift. However, near 
the northern edge of the gabbro and considerably farther west 
Cretaceous strata have been recently found and it is possible 
that these deposits once existed much farther east in north
eastern Minnesota than they are now known. * Traces of gla
cial action are very evident in many rounded knobs of ice
scored rock and in scanty deposits of sand, gravel and boul- . 
ders.The tops o~ the highest hills show glacial strite and 
often are more 'or less strewn with foreign boulders. There 
are, however, no recognized moraines about Kekequabic lake, 
and wherever the drift is present it is at m<;>st of only a few 
feet in thickness. 

*H. V. Winchell. Note on Cretaceous in northern Minnesota; Amer. Geologist, vol. 
xii, no. 4, pp. 22Q-223, Oct., 1893. . 
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AGES OF 'l'HE DIFFERENT ROCKS. 

The rocks around Kekequabic lake, excepting the gabbro and 
diabase, have been considered in the reports of the Minnesota 
Survey as belonging to the Keewatin; this is the Minnesota 
equivalent of the Lower Huronian, as that term is used by the 
United States Geological Survey.* To this series would be re
ferred the slate formation, the green schist and the volcanic 
tuff, which seem intimately connected with each other and are 
probably the oldest rocks in the area studied. The conglom
erate contains numerous well rounded pebbles, many of which 
are simUar to some of the Keewatin rocks, and it seems to be
long to a newer series, although as yet no unconformity has 
been seen between this conglomerate and the other rocks. 

That this conglomerate is a conformable part of the Keewatin 
is the view of N. H. and A. Winchell, while Lawson holds the 
same view, but regards it as representing a newer infolded part 
of this series, probably separated from the rest of the Keewatin 
rocks by an unconformity. Van Hise considers the conglome
rate to belonging to a newer series,-the Animikie (Upper Hu
ronian),-which is separated from the Keewatin (Lower Huro
nian) by a marked unconformity. The writer is inclined to the 
view of Lawson, i. e. that the conglomerate is part of the Kee
watin, probably separated from the lower part of that series by 
an unconformity, and that it is much older than the Animikie. t 

An unconformity, considered to exist between Keewatin 
schist and Animikie slate, has been described by A. Winchell 
on the northeastern shore of Epsilon lake,! just outside the 
area map:r;ed in this paper. This unconformity has not been 
recognized about Kekequabic lake. 

From our present knowledge we have no positive proof that 
there is more than one series of clastic rocks in the Kekequabic 
lake area, but there are certain facts which suggest the possi
bility of two unconformable series being here represented. The 
clastic rocks of the whole region have been subjected to severe 
folding and have in many places acquired secondary structures, 
so that the exact structure and sequence can be determined 

'Of. O. R. Van Bise. Oorrelation Papers-Archaen and Algonkian; U. S. Geol. 
Survey. Bull. No. 86, 1892. 

t References to the views couceruiug the age of the Ogishke conglomerate will be 
found in the writer's paper "The stratigraphie position ot the Ogishke conglomerate 
of northeastern Minnesota;" Amer. Geologist. vol, x, no. 2, pp, 4-10, July,\1892. 

* Geol, and Nat. Hist. Survey of Minn" 16th (1887) An';. Rept .. p. 323, 1888. 
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only by careful and detailed work. Future investigations may 
show that the whole is one conformable series, or that there are 
two unconformable series, to the younger of which belongs the 
conglomerate, and perhaps some of the other rocks. 

The porphyryte has been regarded as of Keewatin age and 
there is nothing to show that the granite cut rocks of a more re
cent age than the Keewatin. The gabbro is usually regarded as 
of early Keweenawan age. The age of the diabase dykes is not 
known; they were perhaps cotemporaneous with the great 
diabase intrusions in the Animikie, which have been referred 
to Animikie, Keweenawan, and perhaps even to Silurian* time. 

The porphyrite and granite do not show the results of hav
ing been subjected to intense dynamic action, like periferal 
eranulation of the grains or the production of a schistose 
structure, except that the quartz sometimes shows undulatory 
extinction. However, . the harder and more resisting parts of 
the clastics,-the graywacke, volcanic tuff and conglomerate,
also often show no structures produced by dynamic agencies, 
but they were certainly present during the folding of the re
gion. So the two igneous rocks just mentioned may be of 
earlier date than the folding. From his present knowledge 
the writer regards the porphyryte as cotemporaneous with the 
deposition of the volcanic tuff and the green schist, and the 
granite as dating from the folding. The diabase dykes are 
dearly later than both the porphyryte and the granite, and are 
also certainly of more recent date than the folding. 

The following table gives the ages of the rocks represented 
around Kekequabic lake. On the left are given the age terms 
used by the Geological and Natural History Survey of Minne
sota, and on the right those of the United States Geological 
Survey. However, as before stated, the diabase may not be
long where it is placed, and the conglomerate, with perhaps 
some of its associated rocks, may prove .to be later than the 
Keewatin (Lower Huronian). If the latter is the case, there 
were probably two periods of folding.t 

\ Keweenawan J Diabase. 
1 ) Gabbro r r Conglomerate 
, I Slate formation 
J Keewatin i' Volcanic tuff 1 Green schist 
, , Porphpryte 
l l Granite 

Taconic t Keweena wan 

1 
ILower Huronian 

J 

I 
~AIgOnkian 
J 

Archean 

-----
*A. C. Lawson. The laccolitic sills of the northwest coast of lake Superior; Geol. 

and Nat. Hist. Survey of Minn., Bull. No.8, p. 48, 1893. 
ti5ee also the table of Pre-Silurian rocks of Minnesota published elsewhere in this 

volume. 
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CHAPTER III. 

THE GRANITE. 

The granite, which forms the principal object of this inves
tigation. is of an unusual and interesting type, being an augite 
granite containing sufficient alkali to impart an acmite ·like 
habit to the pyroxene,but not enough to prevent the crystal
lization of free silica. The author has already published a 
preliminary description of this granite, which description, 
however, is devoted only to the petrography of the rock. * 

OCCURRENCE. 

The granite, with the two exceptions mentioned below, is 
confined to a roughly oval area, whose major axis (east and 
west) is about three and a half miles; the minor axis being less 
than two. It occupies most of the S. W. t section 31, T. 65 N. R. 6 
W., the S. t of S. t section 36, T. 65 N., R. 7 W., nearly all of 
section 1, all the land in section 2 and most of the land in sec
tion 3, T. 64 N., R. ';' W. The only exceptions to the oval 
outline of the area occupied by the granite are: (1.) A narrow 
band of granite, or wba.t appears to be such, running out from 
the main mass along the south shore of Kekequabic lake, in' 
section 31, T. 65 N., R. G W. (2.) Small isolated granitic bosses 
found in the clastic roeks, mostly to the north of the main mass 
of the granite. The rock of these areas makes up the porphy
ritic facies of the granite. In this connection, and before 
proceeding farther, it might be well to state that the granite is 
separated into two principal facies,-a granitic and a porphy
ritic,-which are rather distinct in the field. 

On all sides, except at the southwest, the outlines of the 
granite area can be pretty definitely traced, and we can feel 
sure that its surface area is about all exposed. But at the 
southwest the gabbro contact rocks come up to the granite. If 

*Note on an augite soda-granite from Minnesota; Amer. Geologist, vol, xi, no, 6, 
pp. 383-388, June, 1893. 
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these rocks are part of the gabbro which extends over the old 
granite surface, it is possible that there is an area of granite 
now concealed under the gabbro and its contact rocks to the 
southwest. But this is rendered rather improbable for two 
reasons: (1.) The general outline of the granite area and the 
fact that the clastic rocks of the region are found both on the 
south and west would seem to indicate that they were continu
ous around the southwestern edge of the granite boundary. 
(2.) It is not yet certain that the gabbro contact rocks which 
here come up to the granite are not the clastics of the region 
metamorphosed. There a!'e no other known exposures of 
granitic rocks within several miles of the Kekequabic lake 
granite, excepting one small outcrop (syenite) in the midst of 
the gabbro near the center of the S. W. i- of section 11, T. 64 N., 
R. 7 W.'/.-

PARALLEL STRUCTURES. 

One of the first features of the granite which attracts atten
tion is its separation along roughly parallel planes. The lay
ers thus formed vary from an inch to ten or more inches in 
thickness, and the same layer varies in thickness within 3J short 
distance. No difference in petrographical character between 
the different layers can be made out, nor is there any arrange
ment, macroscopically visible, of the constituent minerals of 
such a kind as to cause splitting along these planes. And 
there seems to be no tendency toward an indefinite separation 
into finer and finer layers. In some cases small quartz veins 
are to be seen between the different layers, but usually there is 
nothing visible except a simple undulating crack. Thin sec
tions of the rock cut at right angles to this cleavage show no 
evidence of any parallel arrangement of the minerals nor of 
any microscopical faults or fault breccias, to which cause the 
rifting of certain granites is due. t 

The cleavage of the granite of Kekequabic lake has been 
described and figured! but no explanation of its origin was 
given. It was provisionally called flowage structure, but there 
is no evidence of such a structure in the rock. It seems to 

·Geol. and Nat. Rist. Survey of Minn .• 20th (lS91) Ann. Rept., p. 69, 1893. 

·~R. S. Tarr. The phenomenon of rifting in granite; Amer. Jour. Sei., 3, vol. xli, pp. 
267-272, Apr. 1891. 

*Geol. and Nat. Rist. Survey of Minn., 15th (1886) Ann. Rept .. pp. 361-362, figs. 51 and 
52,1887. 20th (1891) Ann. Rept., pp. 70-71, fig. 5, 1893. 
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the writer this separation into sheets is probably due to joint
age caused by contraction in cooling. While this cleavage is 
in places very pronounced, it is still not to be seen over most 
of the granite area. It is found in its best development on 
some of the smaller islands in the western part of Kekequabic 
lake in section 3, T. 64 N., R. 7 W. Here the parallel layers 
dip toward the north at angles varying in different outcrops 
from 10° to 40°, but on the little point in the S. E. t of S. W. t 
section 2, T. 64 N., R. 7 W., the dip is toward the south 10° to 
15°. No general direction nor regularity in this dip has been 
seen. 

It will be noticed that in the previous descriptions of this 
granite it has been frequently called "fine syenitic gneiss," 
"chlorite gneiss" or simply' 'gneiss,"* thus implying that there 
was some evident gneissic structure in the rock. However, 
aside from that described above, the writer has been able to 
detect. no evidence of any parallel structures in the rock; there 
are no alternating bands of different mineral composition, nor 
are the mineral grains uniformly elongated in a common direc
tion. Wherever examined the rock presents a truly massive 
aspect. The only thing to suggest a parallel arrangement of 
the minerals is in small areas of the porphyritic facies of the 
granite, where some of the feldspar phenocrysts are arranged 
with their long axes roughly parallel, due to movement in the 
mass before solidification and after the formation of the pheno
crysts. In support of the above statements concerning the 
absence of gnessic structure in the granite it may be well to 
quote the following from N. H. Winchell's second report on 
Kekequabic lake: "This [the granite] has been called gneiss 
this year and last, but it needs a word of qualification. It is 
not the real gneissic structure, or foliation supposed to be due 
to original sedimentary bedding. It has acquired a sheeted 
structure, but in general it is a massive rock, showing varia
tions due to the original conglomeritic state of its materials, as 
already described. Where it passes into the porphyry it is 
more compact and more firm than when it is not porphyritic. "t 

The only other parallel structure heretofore noted in the 
granite is that due to traces of an original sedimentary banding 
-considering the granite as a highly metamorphosed conglom-

*N. H. Winchell. Ibid., 15th (1886) Ann, Rept., pp.361-369,1887. 16th (1887) Ann. Rept., 
pp.149-156, 1888. 

A. Winchell. Ibid., 15th (1886) Ann. Rept., pp, 69-82, 1887, 

tIbid. 16th (1887) Ann. Rept., p, 104, 1888. 
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erate. The remains of this structure were noted in one place, 
as follows: "There is visible sometimes not only a conglom-
eritic, but a sedimentary banded structure, dipping 80 0 from 
the horizon, south 100 west."* The writer can only say that 
he has been unable to find any traces of an original sediment
ary banding, or anything that would suggest it, in the granite. 

FIELD RELATIONS OF THE GRANITE. 

In this section it is proposed to briefly outline the general 
relations of the granite, as seen in the field, to its own facies 
and to the other rocks by whi~h it is surrounded. 

Field relations of the granite to its own facies. 

As already stated there are two important facies of the 
granite,-a normal granitic and a porphyritic. The porphy
ritic facies occurs in isolated bosses without the limits of the 
granite proper and is usually separated from it by the country 
rock. In a few places the two facies approach near to each 
other, but are not seen in actual contact. Here no evidence of 
a transition between the two is seen, each retaining its own 
characters as near together as they were exposed. Only one 
contact has been seen between these two facies of the granite; 
here in a small exposure branching vein-like forms of the 
granite porphyry cut the granitic facies From this it would 
appear that the porphyritic facies is of some later date than 
the main mass of the grallite. The two rocks agree so well in 
chemical and mineralogical composition, which will be men
tioned later, that it seems impossible to consider them as any
thing but parts of the same magma. The writer is inclined to 
think that the porphyritic facies is of but little later date than 
the granitic facies and perhaps was erupted before the com
plete cooling of the latter. 

In the N. W. t section 2, T. 64 N., R. 7 W., is a small island· 
made up mostly of the normal granite, but with a porphyritic 
aspect. At the north end of the island is a dark gray to green
ish rock, which is called the poikilitic facies of the granite. 
This is cut in all directions by vein-like forms of the granite 
and angular fragments of the dark rock are found imbedded in 
the granite mass. The granite where it cuts the other rock is 

'Ibld" 15th (1886) Ann. Rept., p. 362. 1887, 
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somewhat finer grain than at a short distance from this 
place. 

A peculiar facies of 'the granite is found in the narrow strip, 
which runs along the south shore of Kekequabic lake in the 
east half of section 31, T.65 N.,R.6 W. This is somewhat differ
ent from the normal granite, but nevertheless seems to grade 
into it. This facies of the granite is called the hornblendic 
facies. 

Aside from the four phases of the granite already mentioned, 
there is another,-the syenitic facies. This is not as distinctly 
separated from the normal granite as are the others, but it 
forms an important part of the granIte'mass. In many places 
by a simple gradual loss of the quartz, the granite passes into 
an augite syenite. These areas of syenite occur most fre
quently on the hills in sections 1 and 2, T. 64 N., R. 7 W. 

Field relations of the granite to the s'urrounding rocks. 

Transitions.-In former descriptions it has been supposed 
that this granite in places passes gradually into the gray
wackes and conglomerates of the region. At two localities 
there ~as been found a gradual passage from the granite to 
rocks macroscopically resembling fine graywacke or graywacke 
slate. The first of these is on the northern side of the narrow 
point which projects from the west shore of Kekequabic lake 
in the S. W. t of N. W. t section 3, T. 64 N., R, 7 W. Here 
within a distance of 30 feet there is a gradual transition from 
distinct fine grained granite into a rock which resembles the 
graywacke slates of the region, but it shows no lamination and 
the slaty structure is not well developed. Near the base of the 
promontory in the S. W. t of S. W. t section 29, T. 65 N., R. 6 
W.o is an apparent transition in a distance of a foot or two 
from the phorphyritic granite to a graywacke-like rock. A 
series of specimens has been collected from both of these 
places and mention of them is made in the section on the origin 
of the granite, but it may be well to state here that the micro
scopical examination in no way confirms the idea of a passage 
from a clastic rock to the granite. 

Oontacts.-Around the edge of the main mass of granite sev
eral exposures have been found showing contacts of this rock 
with the surrollnding sediments. Perhaps the one best suited 
tor the determination of the relations of the granite to the 
country rock is near the center of the W. t of S. E. t section 
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1, T. 64 N., R. 7 W. The plan of this exp~ure is shown in the 
accompanying sketch (Fig. 2), which makes the relations of the 

OneF"oot 

FIG. 2. Contact of granite and argillyte; W. Yo ot S. E. '" section 1, T. 64 N., R. 7 W. 

two rocks sufficiently plain. The granite is quite sharply 
marked off from the country rock, which is here a dark argil
lyte in which the bedding is obscure, although approximately 
parallel with the main line of contact. In the other contacts 
the eruptive character of the granite in the country rock is not 
so clearly shown, but the line between the two rocks is quite 
distinct and the granite is of a finer grain at the contact than 
at a distance of a few feet from it. In the southwest quarter of 
section 31, T. 65 N., R. 6 W., a mass of argillyte, more or less 
altered, is seen included in the granite, but sharply marked off 
from it. 

The porphyritic facies of the granite is found in contact with 
the green schist and conglomerate in several places. It usually 
sends no apophyses into these rocks, but its later age is shown 
by its uniformly finer grain at the contact lines. * 

On a little point on the north shore of Kekequabic lake (S. 
W. t section 34, T. 65 N., R. 7 W.), the dark argillyte is cut by· 
a small irregular dyke of granite porphyry, which sends ma.ny 
stringers into the argillyte and also includes fragments of it. 

"Two of these contacts have been figured in the 15th (1886 Ann. Rept .. Geol. and 
Nat. Rist. Survey of Minn., pp. 154, 367,1887. 
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PETROGRAPHICAL DESCRIPTION OF THE GRANITE. 

MacToscopical. 

In the field there are seen to be two quite distinct facies of the 
granite-the normal granite andthe granite porphyry. These 
present some microscopical differences, but they have many 
characters in common. The normal granite is of a medium or fine 
grain and a dull pinkish color. This color is quite characteristic 
of the rock as seen in most of the outcrops; itis due to the color of 
the feldspar which is the predominating mineral. The texture 
is firm and compact. In soml3 of the finer grained phases it is 
almost impossible to distinguish any mineral other than feld
spar, but in the coarser phases are also seen grains of a darker 
mineral, which proves to be augite, and quartz. However the 
last is not very evident inhand specimens. In some places, 
noticeably in the N. W. i- of N. W. i- section 2, and the prom
ontory in the S. W. i- of S. W. i- section 3, T. 64 N., R. 7 W., the 
granite is sub-porphyritic with feldspar crystals. These phen
ocrysts are often, especially at their centres, of a little lighter 
color than the non-porphyritic feldspar. This granitic facies 
makes up the main mass of the granite; it varies little in 
different exposures. 

The granite porphyry is found only in small isolated areas in 
the clastic rocks and near the edge of the area of normal 
granite. It is distinguished by its fine, usually aphanitic, 
groundmass and its decidedly porphyritic aspect, which is due 
to numerous white or flesh colored feldspar phenocrysts scat
tered indiscriminately through the rock mass. There are also 
minute short stout augite prisms and occasional brilliant black 
biotite scales to be seen in the groundmass. The feldspar 
phenocrysts vary in size in the same hand specimen from almost 
microscopic dimensions to those ten· or fifteen millimeters in 
length. The smaller ones are often very closely crowded 
together and are sometimes arrang'ed more or less in lines of 
flow. At one locality these feldspars are very large and con
spic.uous, sometimes reaching a length of over twenty millime
ters. The only exception to the white or flesh color of these 
phenocrysts is on the northern side of the small island in the 
S. W. t of N. W. i- section 3, T. 64 N., R. 7 W., where the feld
spars are of a reddish color. Plate I, Fig. 2, shows the ap
pearance of a pronounced pbase of the granite porphyry. 
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What is termed the hornblendic facies of the granite is found 
only in a narrow strip along the south shore of Kekequabic 
lake in section 31, T. 65 N., R. 6 W. It has a fine grained gray 
groundmass whose constituent minerals are not readily dis
tinguishable. In this are usually scattered small whitish sub
porphyritic feldspars and less evident black prisms of horn
blende. This rock is different from the main mass of the 
granite in several respects, and the writer does not feel entirely 
satisfied that it is part of the granite, but it seems to be such 
and is placed here as a hornblende facies of the granite. 

As already mentioned (pp. 40-41) the normal granite is seen 
cutting a dark gray to greenish rock on the small island in the 
N. W. t of N. W. t section 2, T. 64 N., R. 7 W. This rock has 
a dull greenish groundmass in which are imbebbed noticeable 
flakes of biotite and less evident augite prisms. Even in hand 
specimens there are seen to be certain areas of the groundmass, 
each of which reflects the light and in which are biotite and 
augite individuals. The rock is consequently called the poi
kilitic* facies of the granite, but it is possible that this is not 
part of the granite mass. It is known only from the north
west side of this small island. 

A noticeable feature of the granite in all its facies is the 
occurrence of small rounded, subangular and angular areas, 
which are sharply marked off from the rest of the rock. They 
vary from half an inch to two inches in diameter, rarely being 
larger. They are composed usually of aggregatioDs of rather 
coarsely crystallized hornblende, or augite. Frequently, how· 
ever, these dark areas are fragments similar to the country 
rocks-argillyte and green schist. These more or less rounded 
form are very abundant in certain parts of the hornblende 
granite. In fact in ODe exposure it is almost impossible to find 
any surface a foot square which does not contain one or more 
of them. and some areas of this size include as many as 
twenty. t In the granite proper and the porphyritic fades 
these rounded forms are not so abundant, still they are seen 
rather frequently. In the former reports on this granite these 
forms have heen regarded as the remains of pebbles in a con
glomerate, which was considered to be the original chara.cter 
of the rock now a granite.! It also seems very possible to refer 
some of these forms to basic secretions, which are common to 

*See G. H. Williams. On the use of the terms poikilitic and micropolkllitic in 
petrography; Journal of Geology, vol. 1. nO. 2, pp. 176-179. 1893. 

tGeoi. and Nat. History Survey of Minn., 20th (1891) Ann. Hept., p. 79,1893. 
tN. H. Winchell. Ibid., 15th (1886) Ann. Rept., pp. 362, 360, 1887. 
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very, many granites, while others, on account of their petro 
graphical character, can be regarded as incl usions of frag
ments of the surrounding rocks. 

Chemical. 

Two analyses have been made-one of the normal granite 
(I in the table of analyses) and the other of the granite por
phyry (II). It will be seen that the two facies agree quite 
closely in chemical composition and that in each the propor
tion of soda is much larger than that 6f potash; in the granite 
proper the ratio of soda to potash is 1.8:1 and in the granite 
porphyry 2.4:1. Using the term "soda-granite" as a true 
granite which contains a larger amount of soda than potash, 
this rock would belong to the series of soda· granites. These 
have been reported from several localities in Europe, but as 
yet have been rarely found in America. Vol. S. Bayley* has 
described a granite which contains large amounts of anortho
clase from Pigeon Point, Minnesota, on the north shore of 
Lake Superior; this was found in connection with a quartz
keratophyre. And N. H. Winchell has recently published (see 
VI in the t,able of analyses) an analysis of a red granite from 
Rice Point, Duluth, in which the proportion of soda is very 

ANALYSES OF SODA-GRANITES. 

I. II. III. IV. V. VI. 
Si0 2 66.84 67.42 68.00 70.69 72.42 75.78 
Ti0 2 0.40 
P 20 5 tr. 0.07 0.20 
Al 2 0 g 18.22 15.88 16.18 15.20 13.04 11.09 
Fe 2 0 g 2.27 1.37 3.68 3.76 0.68 2.09 
FeO 0.20 1.14 0.65 2.47 
MnO tr. 0.09 
CaO 3.31 3.49 4.05 3.31 0.66 0.86 
MgO 0.81 1.43 0.95 0.45 . 0.58 0.65 
K 2 0 2.80 2.65 2.04 2.31 4.97 1.06 
Na 2 0 5.14 6.42 4.32 4.69 3.44 6.43 
H 2 O 0.46 0.05 0.56 1.21 1.82 

Totals 100.05 99.92 100.49 101. 07 100.37t 99.78 

large; this rock is a hornblende granite of medium grain. These 
two soda-granites are from the Keweenawan. A soda-granite 

*A quartz-keratophyre from Pigeon Point and Irving'. augite syenites; Amer. Jour. 
Sci., 3, vol. xxxvi!. pp. 54-62, Jan .. 1889. 

tIncluding traces of Li 2 0 and 01 and 0.15 per cent of BaO. 
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from Westchester county, N. Y., has been mentioned by J. D. 
Dana*, but G. H. Williamst has shown that this is prope~ly a 
mica diorite. 

The analyses of both facies of the granite under discussion 
and of several other soda-granites are given in the accompany
ing table. I is the normal granite from Kekequabic lake, 
Minnesota; No. 551G of the Minnesota Survey series. II is the 
porphyritic facies of the same; No. 86G. III is a soda-granite 
from Donegal. Ireland.t IV is the Aug-hrim (Ireland) soda
granite.§ V is the rock from Pigeon Point, Minnesota.1I VI 
is the red granite from H.ice Point, Duluth. *-)(-

In comparison with the last four analyses given in the above 
table and other published analyses of soda-granites, tt the rock 
from Kekequabic lake is seen to be lower in the amount of silica 
and usually higher in soda than other granites of this series. 
The large proportion of soda finds expression inJthe composi
tion of the augite, as well as in that of the f81dspar, as will be 
seen in the analyses of these minerals. 

There is reason to think that soda-granites will be found 
more extensively developed in the Lake Superior region than 
has been supposed heretofore. It seems that some of the 
augite syenites from the Keweenawan, as already suggested by 
W. S. Bayleytt, may fall into this class, and there are numerous 
dykes in the Keewatin of northeastern Minnesota, described 
as quartz porphyries and syenite porphyries§§, a careful.study of 
which will probably show that their feldspar is largely anortho-
clase. . 

*Geological relations of the limestone belts of ;WestchesterJ county, New York; 
Amer. Jour. Sci., 3, vol. xx, p. 198, Sept., 1880. 

tThe gabbros and diorites of the "Oortlandt series" on tbe Hudson river near 
Peeksville, N. Y.; Amer. Jour. Sci., 3, vol. xxxv, pp. 443-444, June, 1888. 

:j:S. Haughton. Experimental researches On the granite of Ireland. Pt. iv. On the 
granites and syenites of Donegal; with some remarks on those of Scotland and 
Sweden; Quar. Jour. Geol. Soc., vol. xx, p. 269. 

§W. J. Solla~. Oontributions to a knowledge of the granites of Leinster; Trans. 
Royal Irish Acad., vol. xxix, pt. 14, p. 471, 1891. 

IIW. S. Bayley. Gp. cit., p. 59. 

"N. H. Winchell. Thc Norian of tbe Northwest; Geo!. and Nat. Hist. Survey of 
iIlillD., Bull. No.8, p. xxxlii, 1893. 

ttA. Gerbard. Neues Jahrbuch f. Min., Pet·. u. Pal., 1887, II, pp. 267-275 . 
. :j::j: Gp. cit. 

§§ U. S. Grant. Geol. and Nat. Hist. Survey of Minn., 20tb (189l) Ann. Rept .. pp. 45, 
48,49,51, 57, 58, 1893. 

As this paper is going to press two analyses of acid igneous rocks from northeast
ern Minnesota have been completed by Mr. A. D. Meeds, Instructor in Ohemistry in 
the University of Minnesota. Both of these show a considerable excess of soda over 
IJotash. The analyses are as follows: 
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Mineralogical. 

The minerals of granite have been described so frequently 
and so exhaustively that it is not necessary nor advisable to at
tempt any complete description of all the minerals composing 
this granite. Consequently only one of them,-the augite,
will be spoken of in any detail, but an analysis and specific 
gravity determinations of the feldspar are given. The miner
als comprising the rock can be divided into two classes, essen
tial and secondary. In the order of their importance and 
abundance they are: 

Esse.ntial Augite. {

Feldspar (largely anor
thoclase. ) 

Accessory Apatite. {
Biotite. 

Quartz. 
Hornblende. 

Sphene. 

As to the time of crystallization they are as follows: (1) 
Sphene and apatite. These are not found in contact so that 
nothing can be said as to their relative ages; they are both 
older than the other minerals. (2) Biotite, hornblende and 
augite. The relative ages of these are not clearly shown, but 
the biotite seems to be the oldest. (3) Feldspar. The only 
case where this is of as late a crystallization as the quartz is in 
the groundmass of the granite porphyry. (4) Quartz. Later 
than all the others, excepting the feldspar in the case just 
mentioned. 

Feldspar.-The feldspar is much more abundant than any of 
the other minerals; it makes up half and sometimes at least 
three fourths of the rock mass; in the more basic (syenitic) 
parts of the granite it reaches its fullest development as re
gards amount. 

Orthoclase is seen frequently in the normal granite and is 
very abundant in the hornblendic facies, but it never forms 
phenocrysts. Over two thirds of the feldspar is triclinic; it 

I. 

II. 

SiOs AlsO. 

69.70 18.72 

69.34 17.25 

FesO. FeO CaO MgO KsO Nasa HsO Totals. 

0.65 0.79 2.25 0.45 1.68 5.01 0.71 99.96 
-v-
2.46 3.43 1.18 0.71 4.33 1.17 99.87 

I is a quartz porphyry (No. 417G; 20th Ann. Rept .. p.57) from a dyke in the 
"greenstone" of the Kawishiwi river, N. ?i N. E.!4 sec. 21, T. 63-10 W. This rock has 
a microgranitic groundmass in which are large phenocrysts of feldspar and quartz; 

. a few small areas :filled with chlorite-and epidote are present, but what the original 
ferro-magnesian constituent was is not clear. 

II is a characteristic specimen of the Saganaga granite (No. 686 G; 20th Ann. 
Rept., p. 88) from Saganaga lake. S. W. !4 N. E.!4 sec. 22. T. 66-5 W. This rock is a 
coarse grained hornblende granite. 
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sho.WS the usual Po.lysynthetic twinning acco.rding to. the albite 
law, and in so.me cases the micro.cline structure is develo.ped to. 
a small extent. Zo.nal structure in the plagio.clase is quite co.m
mo.n, especially in the Po.rphyritic crystals. The feldspar is 
always mo.re o.r less clo.udy due to. incipient alteratio.n, but the 
resulting minerals are no.t usually discernible, the clo.udiness 
being due to. amo.rpho.us o.paque white areas; in the o.rtho.clase 
alteratio.n to. sericite is co.mmo.n. 

On separating the Po.wder o.f a fresh specimen o.f the no.rmal 
granite (No.. 551 G.) by means o.f Tho.ulet's so.lutio.n the larger 
pro.Po.rtio.n o.f the feldspar fell between a specific gravity o.f 
2.58 and 2.62, which Wo.uld indicate that the mineral was a mix
ture of the o.rtho.clase and albite mo.lecules; and the analysiA, 
as here given. sho.WS that it belo.ngs to. the ano.rtho.clase series. 

ANALYSIS OF FELDSPAR. 

SiO. Al.O. Fe.Oa OaO MgO K.O Na.O ReO Total 
67.99 19.27 0.82 u.75 0.02 3.05 6.23 0.90 99.03 

It is to. be no.ticed that the silica percentage is larger than is 
required by the amo.unt o.f so.da, Po.tash and lime present. This 
is pro.bably due to. the fact that a small amo.unt o.f quartz was 
so. intimately intergro.wn with the feldspar that certain grains 
o.f the feldspar Po.wder co.ntained so.me quartz. Fro.m the a.nal
ysis it is calculated that this feldspar is an anorthoclase with ap
pro.ximately the co.mpo.sitio.n Ors Ab l4 Ant. 

The specific gravity o.f several o.f the feldspar pheno.crysts 
o.f the granite Po.rphyry was determined; it ranges fro.m 2.59 
to. 2.60. This. to.gether with the analysis o.f the who.le rock 
(II in the table o.f so.da granite analyses), is sufficient pro.o.f 
that these pheno.crysts, which make up abo.ut half the ro.ck 
mass. are also. anorthoclase. 

Augite.-The augite is the mo.st interesting mineral in the 
ro.ck, as granites in which this is the chief ferro.-magnesian 
co.nstituent are co.mparatively rare. Augite makes up fro.m 
five to. twenty per cent o.f the who.le ro.ck and in the majo.rity o.f 
sectio.ns is, besides the feldspar and quartz, abo.ut the o.nly 
mineral present. It reaches its best develo.pment and is fo.und 
in the least altered co.nditio.n in the granite Po.rphyry; acco.r
dingly the descriptio.n o.f this mineral will be co.nfined mo.stly 
to. that o.ccurring in this Po.rphyry o.n the pro.mo.nto.ry at the 
so.uthwest co.rner o.f sectio.n 29, T. 65 N .• R 6 W., where this 
facies o.f the granite is seen in its best and mo.st characteristic 
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development. (Nos. 86G and 1094 of the Minnesota Survey 
series. ) 

The augite occurs in short stout prisms, whose length is half 
a millimeter or less; rarely larger crystals, one to three milli
meters in length are seen. The crystals are generally com
pletely idiomorphic, but occasionally the terminal planes are 
lacking, or are very poorly developed. The prismatic planes 
are the unit prism, the orthopinacoid and the clinopinacoid. 
The terminal faces, which are usually present, are the basal 
plane and the orthodone P 00 while the unit pyramid and a clin
odome can sometimes be recognized, but usually there is a ten
dency to a rounding off of the edges basal plane and the ortho
dome P 00. The cleavage is well developed in thin sections 
and parting is usually not seen, but in one case (see Fig. 4) it 
is quite noticeable. An attempt was made to measure the an
gles on some of the la~ger augite crystals detached from the 
rock, but the faces gave such imperfect reflections that no sat
isfactory results were obtained. 

In transmitted light the augite is of a bottle green color, but 
there are parts of some crystals which are colorless and entire 
colorless individuals are sometimes seen. A slight pleochroism 
is to be noticed in many sections, II and 1t being bottle green 
and not distinguishable from each other, while (: is a yellowish 
green. The absorption is ll=lt>(:. 

Zonal structure is rather common; in such cases the core of 
the crystal is usually colorless, or of a lighter green than the 
outer rim. The colorless centres occasionally pass gradually 
into the colored rims, but generally the two are separated by a 
pretty distinct line. The outlines of these colorless cores are 
irregular and are seldom parallel to any crystallographic 
planes. The cleavage lines run uninterruptedly from one part 
of the crystal to another, and in sections cut parallel to the 
zone of the ortho-axis the extinction direction of both parts of 
the crystal are parallel, but in sections which are inclined to 
the ortho-axis, the extinction directions are differedt in the two 
parts of the crystal. Moreover, in one section, cut parallel to 
the clinopinacoid, parting parallel to the basal plane is seen, 
and this runs straight through the colored rim and the colorless 
core. From these facts it is seen that the two parts of the crys
tal have the same crystallographic axes, i. e. are parallel 
growths, but that the axes of optical elasticity, excepting the 
one coincident in direction with the ortho-axis, do not have the 
same directions in the two parts of the crystal. 

4G 
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The green crystals and rims have a lower index of refrac
tion, lower double refraction and a smaller extinction angle 
than the colorless augite, (the extinction angle measured being 
that between It and c in acute angle b). The dark green crys
tals are more pleochroic than the lighter ones, and the color
less ones show no pleochroism. These facts indicate that the 
green crystals and rims contain more of the acmite molecule 
than the colorless parts. (That the augite contains a consid
erable amount of the acmite molecule is shown by the analysis 
given below.) 

The extinction angle of the colorless augite in sections par
allel to the clinopinacoid runs as low as 37°, although usually 
higher than this; this is an angle of 53° as the extinction of 
augite is usually measured, i. e . .c to c in obtuse angle b. In 
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Fig. 3. Diagram showing the relative 
pOSitions of the crystallographic and 
optical axes in the green and colorless 
augite. 

the green crystals and rims It is inclined about 22° to c, but in 
one section it is as low as 18u • The positions of the axes of 
elasticity with reference to the crystallographic axes are shown 
in the accompanymg tigurej the axes of elasticity of the color
less variety being represented by tb.e lighter dotted lines. 
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While in the zonal crystals there are usually only two parts, 
which are of different optical orientation, in a few there are 
more' than two such areas. To illustrate parallel growths of 
this kind the following figure (4) is introduced. It shows part 

a 

C 
Fig. 4. Section of augite crystal showing areas of different 

optical orientation. 

of a large crystal of augite cut parallel to the clinopinacoid. 
The extinction and outlines of the different parts are repre
sented rather diagrammatically, as the different zones are not 
always separated by a sharp line. The lines a a represent the 
parting parallel to the basal plane. The extinction angles 
given are those of Q: against c. The large central part of the 
crystal is colorless and the rest is greenish; the small irregular 
area with an extinction of 18° is yellowish green and distinctly 
pleochroic. 

A typical fresh specimen of the porphyritic granite was 
powdered and the augite separated and analyzed. This augite 
is fresh and unaltered and the powder used (which has a higher 
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specific gravity than 3) is quite pure, as in this specimen of the 
granite the only other minerals present were feldspar and 
quartz with a few minute fibers of secondary hornblende. The 
analysis is here given. Assuming that thi'l represents an iso
morphous mixture of the diopside, heddenbergite, acmite and 

SiO. AI.O. 

53.19 2.38 

ANALYS]S OF AUGITE. 

Fe,O. FeO CaO MgO K.O Na2 0 H 2 0 

9.25 5.15 17.81 9.43 0.38 2.63 0.01 

Total. 
100.23 

fassaite molecules and calculating their relative proportions we 
get approximately the following result: 

Diopside, Mg (Ja Si 2 0 ........................... 47 per cent. 

Heddenbergite, Ca Fe Si.O ...................... 27 " " 
Acmite, Na Fe Si.O ............................. 21 " " 
Fassaite, Mg AI. SiO......... ................ 5 " " 

In the considerable percentage of the acomite molecule this au
gite approaches in composition the pyroxene of the more alka
line rocks, the eleolite syenites. * This analysis very probably 
represents quite well the usual composition of the green augite, 
as the proportion of zonal crystals. with colorless centres, and 
entire colorless crystals is small. The colorles.;; augite is very 
similar to that of the well known augite granite f~om Laveline 
in the Voges. 

Qnartz.-This mineral does not playas important a part in 
the rock under consideration as it does in most granites. It 
rarely forms more than a fourth of the rock mass, and, while· 
usually more abundant than the augite in the normal granite, it 
is not al ways so. Quartz occurs iI). small irregular areas in the 
granitic facies of the rock, and often shows undulatory extinc
tion and sometimes has been slightly fissured. It is never 
found in phenocrysts in either facies of the granite, and in the 
granite porphyry is only in minute grains in the groundmass. 

Hornblende.-Original hornblende is found only in the horn. 
blendic facies of the granite and in one exposure of the granite 
porphyry. Here there are some cross sections which show the 
characteristic planes of a hornblende cross section, but in some 
cases it seems to be secondary. The hornblende is of the 
usual green variety. 

* Of. A. Merian. Studien an gesteinsbildenden Pyroxenen; Neues Jahrbuch f. 
Min., Pet. u. Pal., B.B. III. pp. 252-315, 1885. 
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Secondary hornblende is of quite universal occurrence in all 
facies of the granite. It has usually developed in small green 
fibers, which penetrate the rock in all directions, and is fre
quently seen in fibrous growths around the ends of the augites 
and sometimes replaces whole crystals of this mineral with a 
fibrous aggregate. Where the rock has been much altered the 
hornblende often occurs in deiicate sheaths of fibers much re
sembling those figured by G. H. Williams* in certain altered 
greenstones. 

Accessory minerals.-Sphene and apatite occur in small 
amounts in the normal granite and in the granite porphyry; 
the apatite is in short stout prisms rather than in elongated 
ones. Biotite occurs in some sections of the granite porphyry 
and in a few cases is quite abundant; it is in small flakes usually 
surrounded by magnetite grains. Biotite is very common in 
the poikilititic facies of the granite. 

Strnctural. 

The different facies of the granite already spoken of,-the 
normal granitic, the porphyritic, the hornblendic and the poikil
i tic, -are characterized by structural differences. 

The normal granite is usually of a truly granitic texture, but 
in some cases there are two generations of feldspars, the first 
being mostly idiomorphic, although not generally very sharply 
separated from the second generation as regards size. Occa
sionally there is a slight tendency for the fieldspars, when in 
only one generation, to assume a partially idiomorphic form. 

The porphyritic facies has already been mentioned as char
acterized by numerous large and small phenocrysts of feldspar 
and smaller ones of angite. The groundmass as a rule makes 
up much less than half of the rock and is composed of a micro
granitic aggregate of quartz and feldspar. The latter mineral 
is not uBually polysynthetically twinned and thus> would seem 
to be orthoclase. 

The hornblendic facies is characterized not only by the pres
ence of original hornblende, but also by the almost universal 
tendency of the feldspars to assumean idiomorphic development. 
This latter character is perhaps more striking than the presence 
of hornblende. 

'U. S. GeoL Survey. Bull. No, 62, pI. XVI, fig. 1, 1890. 



50 TWENTY-FIRST ANNUAL REPORT 

The poikilitic facies of the granite is strictly an augite-biotite 
syenite, as no quartz is present. The rock is composed of large, 
irregular, interlocking areas of feldspar, in which are imbedded 
numerous biotite scales and colorless to greenish augite prisms, 
thus forming a very beautiful example of the poikilitic struc
ture. In this case it is noticeable that the grains and crystals 
of varying optical orientation included in an optically contin
uous area of feldspar are of two species instead of one, as is 
usually the case in rocks which show the poikilitic structure. 
The feldspar areas are often a quarter of a inch across and can 
be distinctly seen in hand specimens. A more careful" and de
tailed study of this peculiar rock would probably bring out 
facts of interest. 

THE ORIGIN OF THE GRANITE. 

In the reports on the geology of the region about Kekequabic 
lake the granite has been regarded as of metamorphic origin. 
This has been maintained by N. H. and A. Winchell, and from 
their reports it would seem that their ideas are as follows: The 
granite is a result of the recrystallization in situ, under condi
tions of partial or complete aqueo·igneous fusion, of the sedi
mentaries of the region,-the graywackes and conglomerates. 
The more or less rounded foreign pieces in the granite are the 
original pebbles of the conglomerate. The granite was in some 
pl!\,ces plastic enough to allow it to be intruded into the sur
rounding rocks, but this intrusion was only very local and 
limited in extent, and the intrusive rock was not moved far 
from its original place. The main mass of the rock has not 
been moved at all, but is simply portions of the graywackes 
and conglomerates altered in sitlt. There are gradations from 
the granite to these clearly clastic sediments and the granite is 
not sharply'marked off from the surrounding rocks, except in 
the few places where it has been intruded into them. 

The facts, which are urged as sustaining the above idea as to 
the origin of the granite, seem to be four in number, as follows: 
(1) Presence of ancient but partially obliterated lines of sedi
mentation in the granite. (2) Presence of pebble forms in the 
granite. (3) Transitions from the granite to the clastic rocks. 
(4) Presence, in the immediate vicinity, of altered clastic rocks 
resembling the granite. ' 
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In regard to the presence of 'old lines of sedimentation in the 
granite. or anything to suggest such lines, the writer can only 
say that he has been unable to see any such, although he has 
carefully searched for them. In fact he has seen no structures 
in the granite which could be referred in any way to old lines 
of sedimentation. 

That there are numerous rounded, sub-angular and 
angular pebble-like forms in the granite has already been 
stated. These are more abundant near the edge of the granite 
mass and in the small bosses of granite porphyry; this is a 
significant fact and agrees well with the explanation that many 
of these foreign pieces are inclusions of the country rock. In 
fact there is just as much reason, (to the writer there seems 
more,) for assuming that these pebble-like form are basic 
secretions in the granite. or are inclusions of the country rock, 
as there is for assuming them to be the remains of pebbles in 
an altered conglomerate. 

Two apparent transitions from the granite to a seemingly 
sedimentary rock have already been mentioned (page 37). In 
the field these transitions could be traced quite well, but the 
rock into which the granite graded, while resembling the sedi
ments of the region. still could not be proved to be a clastic 
rock. A microscopical examination of thin sections of a series 
of specimens taken to illustrate these transitions shows that 
the apparent sedimentary end of the series and also all parts 
of it reveal no evidence of an original clastic nature, in fact 
their characters are those of fine grained portions of the granite. 
The conglomerate and graywacke, into which the granite has 
been supposed to grade, show in thin section undoubted clastic 
characters, and in all the sections examined there is no occa
sion to confuse these rocks with the granite. 

A mile to the east of Kekequabic lake are found small areas 
of altered clastics, which, in some characters, resemble the 
granite. Here the remains of sedimentary planes are visible, 
and the rock in hand specimens and in sections is seen to be 
somewhat similar to the granite, especially as regards degree 
of crystallization. Rock like this is, however, not found in a 
position intermediate between the clastics, from which it is 
derived, and the granite, as would be expected to be the case 
And it is well known that beds of certain altered clastics 
(gneisses) often closely resemble in hand specimens and in 
sections the granites which cut them, but this resemblance is 
no proof that the two rocks are of like origin and are parts of 
the same mass. 
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. 
From the 'above it will be seen that the arguments for the 

derivation of the granite from the clastics of the region are, to 
say the least, rather unsatisfactory. Indeed the facts seem as 
susceptible of explanation on the idea that the granite is 
eruptive as that it is a part of the altered clastics, Moreover, 
there are other facts which point very strongly toward the 
eruptive origin of the granite. 

Contacts have been described (page 37) which show that, at 
least at these localities, the granite plays an eruptive role. 
Here the granite has come into its present position in relation 
to the country rocks since their deposition, and it penetrates 
them in irregular dyk;es, and in one place includes undoubted 
fragments of the rock with which it comes in contact. Where 
contacts of the granite with the surrounding rocks occur the 
latter have been somewhat altered, although not very greatly, 
and a mass of the argillite enclosed in the granite is rendered 
gneissoid near its edges. Contact metamorphism is, however, 
not very marked. At these contacts the grain of the granite is 
finer than at a short distance from the contract line. 

That the granite is of a different character from the sur
rounding rocks is well shown by the ease with which it is 
separated from them. In no place has a gradation from any 
of the sedimentary rocks to the granite b€;en established. In 
the field it has been possible to map the limits of the granite 
much more accurately and easily than any of the sedimentary 
rocks, the accuracy of the outlines of the granite depending 
only on the number of exposures to be found. No rocks inter
mediate in position or character between the granite and the 
clastics have been observed in the area mapped. The sharp
ness with which the granite is e~erywhere separated from the 
surrounding rocks is best seen where the porphyritic facies 
comes in contact with or is seen near the dark argillytes. 'rhis 
fact that the granite is everyw:here so sharply and so distinctly 
separated from the surrounding clastics is a very weighty 
proof that it is not a part of these clastics. 

It is easy to imagine sediments buried so deeply and under 
such conditions of pressure and temperature in the presence of 
water that they would be converted into completely crystalline 
aggregates. We have many such instances, and it is undoubt
edly true that many gneisses were formed in this way, but here 
it is to be noticed that a degree of crystallization, as complete 
as in granites, is often attained without the obliteration of cer
tain structural planes in the rock,-i. e. there are rapid alter-
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nations of bands of different chemical and mineralogical com
position which are very distinctly separated from each other. 
Here there seems to have been practically no interchange be
tween different parts of the mass. But if we assume that the 
granite under consideration, in which there are no alternation 
of bands of different composition, is of like origin, it seems 
necessary to assume that the fusion (if this word may be used) 
was so complete that the mass took on a uniform composition 
throughout. for it is hardly conceivable that a mass of sedi
ments which shows a section three and a half miles long by two 
wide should be of a uniform composition throughout and that 
this mass should be sharply separated, both along and across 
the 'strike,from sediments which do show this variation in com
position. Moreover it seems impossible that a mass which has 
been so complete altered in situ should be so sharply separ
ated from the rocks from which it is supposed to have been 
formed and which still show their original clastic characters. 
Again, it seems impossible that the pebbles in a mass, which 
has been so profoundly altered and in which there has been so 
complete an interchange between its different parts, should 
not have been entirely obliterated, instead of still retain
ing their own individuality. (It is to be noticed that the pres
ence of so-called pebble forms is the chief point urged for 
considering the granite as altered sediments.) When fusion 
has gone so far as to allow a complete interchange of material 
between the various parts of the rock and an entire oblitera
tion of all differences in composition between its various parts, 
and when such a rock is allowed to cool and crystallize as a 
holocrystalline mass, it is but a simple disagreement in terms 
that cause such a mass to be called anything but a truly igne, 
ous rock; and if such a mass is moved from its original po
sition and forced into other rock it is truly eruptive in its na
ture and origin. 

It is not necessary here to consider the question concerning 
the origin of granites in general; that question is almost as old 
as geology itself; it dates from the times of Werner and Hut
ton, and the writer can not presume to discuss it. Nor is it 
necessary to say anything for or against the idea that some of 
the pre-Cambrian granites and granitoid gneisses may repre
sent fused portions of ancient and very deeply buried rocks. 
But it can be stated that there seems to be abundant evidence 
that the Kekequabic granite shows no indication that it is an 
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altered sediment, that it is not part of the clastics of the region 
altered in situ, but that 'it is truly eruptive in its origin and 
nature. that it has broken through the surrounding rocks in a 
truly eruptive manner, and that throughout it:;; whole extent 
now exposed to us it is sharply separated from the surround
ing clastics and is of later date than these. 

It might be well to state that when the writer began the 
study of this granite area and two others in northeastern Min
nesota he was inclined to the view that these granites were the 
altered clastics of the region, but even before the field work 
was completed and before the microscopic study of the rocks 
was begun, he was forced to abandon this idea. 
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CHAPTER IV. 

THE HORNBLENDE PORPHYRYTE. 

The field relations of this rock have as yet been only partially 
studied, and the extent of the surface occupied by it has not 
been very accurately defined. For these reasons no complete 
discussion of this rock is now possible, and the time available 
in the preparation of this paper does not allow of a very detailed 
petrographical description, although quite a complete set of 
specimens showing the different phases of the rock have been 
collected. 

The porphyryte is known from only one locality in the area 
studied, and is confined to a belt of not more than a quarter of 
a mile in width which curves around the southwestern end of 
Epsilon lake. The surface covered by this rock is about one· 
fourth of a square mile in extent; it is confined. with the excep· 
tion of a few acres in the S. W. t of S. E. t section 20, to the 
N. t section ~9, T. 65 N., R. 6 W. However a sample of this 
rock is noted by N. H. Winchell feom Mallmann's peak*, which 
is on the north side of Kekequabic lake in the S. E. t of section 
30, T. 65 N., R. 6 W. The writer has been unable to find any 
porphyryte in situ at this place, and has since learned that 
Prof. Winchell did not visit Mallmann's peak personally. but 
that the specimen was brought to him by one of his guides. It 
is, however, quite possible that other areas of porphyryite will 
be found in sections 29 and 30, T. 65 N., R. 6 W., between 
Kekequabic and Knife lakes. The single specimen noted by 
Prof. Winchell has been figured and described microscopically 
by M. E. Wadswortht. 

The porphyryte has also been briefly described by A. Winch
ell,t who called it a purple porphyry, in his account. of the 
geology of Epsilon lake. 

*GeoI. and N!Lt. Rist.; Surv. of Minn. 10th (1881) Ann. Rept., pp.92-93, 1882. Rock 
No. 751. 

tIbid., Bull. No.2, pp. 124-125, pI. x, figs. 1 and 2,1887. 

*Ibid., 16th (1897) Ann. Rept., pp. 321-327, ,888. 
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Dr. Wadsworth's description is as follows: "The section has 
a greenish gray groundmass, holding yellowish brown crystals 
of hornblende, epidote and greenish pseudomorphs of chlorite. 
The hornblende is of the usual foreign character in the ande
sitic rocks, having been attacked by the molten magma, which, 
has torn and eaten into the hornblende, that has its edges 
blackened and rendered magnetic by the heating and corroding 
effects. Some of the hornblendes here have been broken and 
faulted, and blackened on the broken sides, others retain only 
a small portion of hornblende in the interior, while others are 
reduced to a heap of opacite or magnetite grains. The chlorite 
pseudomorphs are composed of plates and scales of chlorite 
with some epidote, but whether they are pseudomorphs after 
hornblende or augite the writer can not determine. The epi
dote is in small crystals and crystal aggregations of a pale 
yellowish color, with pleochroism varying from colorless to a 
pale yellow and to a deeper yellow. The epidote is here an 
alteration product, and is commonly associated with the 
chlorite. The groundmass is altered and is now composed of 
chlorite scales, partially altered augite microlites and granules, 
magnitite grains (disseminated through the entire ground
mass), feldspar, microlites, fibrous material, etc., all replacing 
the usual felty base of the andesytes with its inclosed materials. 
Here the augite, feldspar and magnetite are original, and the 
rest secondary. * * * The rock itself is an altered and old 
andesyte of the variety known as porphyryte or hornblende
porphyryte amongst lithologists. This andesyte, in its orig
inal condition, would be called by most lithologists a horn
blende andesyte." * 

The single section, which was accessible to Dr. Wadsworth 
when his description was written, is more or less altered and 
does not clearly show the original nature of the groundmass. 
Other sections of the less altered rock show that the ground
mass is composed of interlocking laths of feldspar,-sometimes 
the feldspar has a tendency towards a granular development,
as stated below. 

Macroscopically the porphyryte is seen to have an aphanitic 
ground mass, which varies in color from a reddish purple to a 
dull olive green; the freshest and more abundant phases show 
the purple color. In this groundmass are sharply outlined 
shining black crystals of hornblende and also irregular green
ish areas, in and around whieh are frequently small bright yel-

·Ibid., Bull. No, 2, pp. 124-125. 
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low spots and small white spots. Under the microscope the 
groundmass is seen to be made up entirely of small short inter· 
lacing laths of feldspar. In some sections the groundmass 
becomes coarser and there is a decided tendency towards a 
granular development of the feldspar. Although polysynthetie 
trimming is common, still some of the feldspar does not show 
it and seems to be monoclinic in character; that there is con
siderable orthoclase in the rock is also indicated by the per
centage of potash in the analysis.;:' The feldspar is undergoing 
alteration and is filled with small inclusions and minute fibers 
which sometimes appear to be sericite. The rock is crowded 
with dust-like particles, to which perhaps is due its purple 
color. There seems to have been but one period of crystalliza
tion for the feldspar, phenocrysts of this mineral being entirely 
absent. In all the slides examined there is no unindividualized 
glassy matter to be seen. 

The hornblende is of the usual brown basaltic variety, but 
the pleochroism is not as intense as in most basaltic horn
blendes; a is light straw colored, b is yellowish brown and .c is 
olive brown. The rays vibrating parallel to band .c are 
not very unlike. The absorption f0rmula is .c=b> > a or 
.c>b> > a. The hornblende is all porphyritic in character, 
the individual crystals being from one to five millimeters in 
length. Each phenocryst is usually surrounded by a dark 
corrosion rim. 

The dull greenish areas seen in hand specimens are found to 
be aggregates of chlorite scales, sometimes with a radial ar
rangment. It is evident that some of this chlorite is an altera
tion product of the hornblende. But most of the chlorite areas 
give no evidence as to their origin. In one section a core of 
pyroxene was seen in a chlorite area, and it is possible that many 
of these chlorite areas represent old augite phenocrysts; how· 
ever, they do not show the characteristic outlines of augite 
crystals, but are usually irregular. Even if all of these chlorite 
areas, which are not clearly alteration products of hornblende 
crystals, represent original augite individuals, the hornblende 
would still be in excess of the augite. So the rock is called a 
hornblende porphyryte. althougll it perhaps originally was an 
augite hornblende porphyryte. 

'Dr. Whitman Cross, who kindly examined slides of this rock for the writer. also 
thinks that considerable orthoclase is present. 
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The yellow spots in and around the chlorite areas are second
aryepidote, often in the form of minute spheres. And small 
white spots of calcite are also seen. 

The analysis of the porphyryte is as follows: 

SiO. AI.O. P.O. ]'e 2 0 a FeO CaO MgO R.O Na2 0 H 2 0 Total. 

60.32 15.80 0.12 5.42 0.89 4.65 5.08 1.82 4.09 1.67 99.86. 

In the porphyryte have been s'een a few fragments of rock 
similar to the graywacke of the region, and at its contact with 
the surrounding rock the former is finer grained than is usual, 
but it does not seem to have altered the rocks with which it 
comes in contact. It seems very probable that this mass of 
porphyryte is a part of the same magma which produced the 
volcanic tuff about Kekequabic lake, but that it solidified before 
reaching the surface, and at present we have no knowledge in 
this region of a surface flow of rock similar to the tuff. 

EXPLANATION OF PLATES. 

PLATE I. 

Fig. 1. Cascade between Epsilon and Rnife lakes. 
Fig. 2. Pyroxene granite porphyry, with unusually large phenocrysts of 

feldspar. (No. 776 G.) Three-fourths natural size. 

PLATE II. 

Geological map of Kekequabic lake and vicinity, Lake Co., Minn. '.rhe 
figures in the lakes show their hight above sea level. 
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III 

CATALOGUE OF ROCK SPECIMENS COLLECTED 
IN NORTHEASTERN l\HNNESOTA IN 1892 

BY ULYSSES SHERMAN GRANT 

This list is a continuation of that ending on page 110 of the 
20th (1891) Annual Report. Most of the specimens have 1l0t 
been examined since they were collected, so the designations 

, may not a.lways be correct. The terms "greenstone" and 
"muscovado" are applied, according to the field usage of the 
Survey, to certain rocks which have not as yet been closely 
studied. In giving localities the township is always north, and 
the range is always west of the Fourth Principal meridian. 

735. Muscovado near gabbro contact. S. E. i lS. E. i S. 
W. t sec. 32, T. 64-7, island in Thomas lake. 

736. Coarse biotitic gabbro. S. t sec. 18, T. 64-6, north 
shore of Marble lake. 

737. ,Muscovado. N. t N. W. t sec. 7, T. 64-6. 
738. Altered conglomerate. S. t s. w. t sec. 6, T. 64-6. 
739. Matrix of altered conglomerate. S. W. t S. E. isec. 1, 

T. 64--7. ' 
740. Matrix of altered conglomerate. N. W. i N. E. t sec. 

12, T. 64-7. 
741. Fine gabbro. N. t N. E. t sec. 12, T. 64-7 . 

. 742. Metamorphosed matrix of altered conglomerate. N. 
W. i N. W. i SEC. 7, T. 64-6. 

743. Compact gray argillyte. E. t S. E. t sec. 1, T. 64-7. 
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744. Greenstone band in altered slate. N. W. t S. E t sec. 
1, T. 64-7. 

745. Altered slate. Same locality. 
746. Pyroxene granite near contact with slate. N. W. t S. 

E t sec, 1, T. 64-7. 
747. Gray slate near granite contact. Same locality. 
748. Pyroxene granite. N. W. t S. E. t sec. 1, T. 64-7. 
749. Pyroxene granite near contact with slate. N. E. t S. E. 

t sec. 1, T.64-7. 
750. Feldspathic vein rock in slate. N. E. t S. E. t sec. 1, 

T.64-7. 
751. Hardened slate. Same locality. 
752. Fine biotite rock. S. -it N. W. t sec. 12, T. 64-7, port

age running northeast from Shoofly lake. 
753. Vitreous quartzyte carrying more or less magnetite, 

near gabbro contact. N. -it N. W. t sec. 20, T. 64-6. 
754. Gabbro near contact with quartzyte. Same locality. 
755. Purple syenite. S. W. t N. E. t sec. 34, T. 63-6. 
756. Diorite. Probably in the N. W. t N. W. t sec. 12, T. 

62-6. 
757. Very coarse gabbro. Probably in the N. E. t s. w. 

:lJ sec. 12. T. 62-6, bay on north side of Syenite lake. 
758. Brick red syenite. Probably in. the S. W. t sec. 12, T. 

62-6, north side of Syenite lake. 
759. Fine grained dark syenite. Probably near the centre 

of the N. ! sec. 13, T. 62-6, east shore of Syenite lake. 
7tiO. Fine grained pinkish syenite. Probably near the cen

tre of sec. 13, T. 62-6, east shore of Syenite lake. 
761. Fine grained pinkish syenite. Probably in the N. W. 

t sec. 24, T. 62-6, southeast shore of Syenite lake. 
762. Fine grained gray syenite. Probably in the S. W. t 

sec. 24, T. 62-6, southeast shore of Syenite lake. 
763. Fine grained gray syenite. Probably in the S. W. t 

sec. 12, T. 62-6, island in north part of Syenite lake. 
764. Volcanic tuff. N. E. t S. E. t sec. 34, T. 65-7, island 

in Kekequabic lake. 
765. Dark slate near contact with pyroxene granite por

phyry. E. -it S. w. t sec. 34, T. 65-7, point on north side of 
Kekequabic lake. 

766. Dark slate and pyroxene granite porphyry in contact. 
Same locality. 

767. Green schist. N. E. t S. w. t sec. 35, T. 65-7, island 
near north shore of Kekequabic lake. 
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768. Greenish graywacke. S. W. 1- N. E. t sec. 33, T. 65~7, 
bay on north side of Plum lake. 

769. Compact carbonate rock. N. E. ± S. W. ,} sec. 33, T. 
65~7, west end of Plum lake. 

770. Volcanic tuff. N. E. ;} sec. 35, T. 65~7, top of hill on 
north side of Kekequabic lake. 

771A to 771F. Pyroxene granite from an exposure which is 
broken into parallel sheets. S. E. t S. W. t sec. 2, T. 64~7, 

west side of point on south shore of Kekequabic lake. 
772. Interbanded green slate and dark red jaspilyte. Near 

center of N. W. t sec. 35, T. 65~7, southeast corner of Pickle 
lake. 

773. Medium grained diabase. N. W. t S. E. t sec. 26, T. 
65~7, south shore of Spoon lake. 

774. Pyroxene granite. N. E. t sec. 1, T. 64~7, summit of 
ridge south of Kekequabic lake. 

775. Coarse diabase. S. E. t S. w. t sec. 29, T. 65~6, top of 
hill on north shore of Kekequabic lake. 

776. Pyroxene granite porphyry with large feldspar pheno
crysts. N. W. t S. W. t sec. 31, T. 65~7, just south of Keke
quabic'lake. 

776A. Pyroxene granite within three inches of porphyry 
contact. Same locality. 

777. Pyroxene granite. Same locality. 
'777 A. Pyroxene granite porphyry within six inches of 

granite contact. Same locality. 
778. Granite and granite porI,>hyry in contact. Same 

, locality. 
778A. Altered argillyte. S. E. t S. W. i sec. 31, T. 65~6, 

south of Kekequabic lake. 
778B. Argillyte. Same locality. 
779. Pyroxene granite. Same locality. 
779A. Pyroxene granite with dark feldspars. Same locality. 
780. Sericitic argillyte. Same locality. 
781. Hornblende granite (?). N. E. 1 s. w. t section 31, T. 

65~6, just south of Kekequabic lake. 
782. Pyrox~ne granite. Same locality. 
783. Hornblende granite (?). Near center of section 31, T. 

65~6, just south of Kekequabic lake. 
783A. Rock fragments from same. Same locality. 
784A and 784B. Altered grit. Probably near center of E. ~ 

section 32, T. 65~6. 

59 
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785. Altered grit with red jaspilyte fragments. Probably in 
S. E. t section 32, T. 65-7, east shore of small lake. 

780. Pyroxene granite porphyry. Hame locality. 
787. Oonglomerate. S. W. i N. W. t section 31, T. 65-6, 

south shore of Kekequabic lake. 
788. Pyroxene granite porphyry near graywacke (?). S. W. 

t S. w. i section 29, T. 65-6, north shore of Kekequabic lake. 
788A to 7880. Rock intermediate between 788 and 788D. 

Same locality. 
788D. Graywacke (?). Same locality. 
789. Porphyritic metamorphosed conglomerate. S. W.!- N. 

E. l section 28, T. 65-6, north side of narrows of Zeta lake. 
790. Gabbro near contact with quartzyte. N. E. 1:: N. E. t 

section 34, T. 65-5. 
791. Muscovado. N. E. !- N. E. !- section 34, T. 65-5, north 

side of stream. 
792. Grayish purple hornblende porphyryte. North line of 

section 29, T. 65-6, south shore of Epsilon lake. 
793 and 793A. Purple hornblende porphyryte. N. W. t N. 

E. t sec. 2\:1, T. 65-6, hill on shore of Epsilon lake. 
793B. Decayed dolomyte (?). S. E. is. W.ol- sec. 20, T. 65-6, 

west shore of Epsilon lake. 
794. Green porphyryte at contact with slate. S. W. t S. E. t 

sec. 20, T. 65-6, west side of little bay on south shore of Epsi
lon lake. 

794A. Porphyryte near contact with slate. Same locality. 
794B. Greenish slate at porpbyryte contact. Same locality. 
795. Graywacke from inclusion in porphyryte. S. E. tN. 

W. t sec. 29, T. 65-6, between Epsilon and Beta lakes. 
796. Green porphyryte near contact with slate. Same lo

cality. 
797. Typical purple hornblende porphyryte. N. E. t S.K!

N. w. t sec. ~9, T. 65-6, south end of Epsilon lake. 
7\:18. Ooarse diabase from centre of large dyke. Near south 

line of sec. 20, T. 65-6, between Epsilon and Knife lakes. 
798A. Fine diabase from small dyke. Same locality. 
799. Ooarse diabase. Near centre of N. t i?e~. 7, T. 65-6, 

northwest corner of AmCBba lake, at the portage. 
800. Flinty black slate showing lamination. N. w. t S. E.t 

N. E. i sec. 7, T. 65-6, north shore of AmCBba lake. 
SOl. Ooarse grit holding black fragments. S. E. t N. E. t 

sec. 7, T. 65-6, north shore of AmCBba lake. 
SOlA. Black fragments from same. Same locality. 
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802. Fine grained laminated graywacke. N. E. t S. E. t 
sec. 7, T. 65·6, island in AmCBba lake. 

803. Flinty slate showing conchoidal fracture. N. E. tN. 
E. t sec. 18, T. 65-6, west side of bay of Ammba lake. 

804. Oarbonaceous (?) slate. N. W. ]f N. E. :} sec. 8, T. 05-
'. 6, east shore of small bay. 

805. Volcanic tuff (?). Near north line of sec. H, T. 65·6, 
southeast shore of lake. 

806. Greenish tuff (?) graywacke. W. tN. E. ct· sec. 9, T. 
65·6, south east shore of lake. 

807. Green volcanic ash (?). N. E. t S. W. Jr sec. 3, T. 65-6, 
west shore of lake. 

808. Greenish slate and graywacke showing lamination. 
Same locality. 

809 A and 809 B.' Gray argillyte. N. W. t N. W. t sec. 2, 
T. 65-6, east side of lake. 

810. Ooarse graywacke. N. E. t s. E. t sec. 3, T. 65·6, south 
end of island. 

811. Breccia. S. E. t N. W. t sec. 10, T. 65-6, near north 
end of portage. 

812. Green volcanic ash (?). S. E. t s. w. t sec. 3, T. 65-6, 
west shore of lake. 

812 A. Green schist. S. tN. E. t sec. 2,T. 65·6, north shore 
of lake. 

813. Grit. S. W.J.: sec. 1, T. 65-6. 
814. Oonglomerate. N. W. t N. W. t sec. 1, T. 65-6, west 

shore of lake. 
814 A. Ooarse hornblende granite from boulder in the con

glomerate. Same locality. 
814 B. Various pebbles from the conglomerate. Same lo

cality. 
814 O. Green pebbles from the conglomerate. E. t s. E. t 

sec. 35, T. 66-6, west shore of lake. 
815. Peculiar light gray graywacke. • S .. } S. w. t sec. 10, 

T. 65-6, north shore of Knife lake at portage. 
816. Breccia. N. W. t s. W. t sec. 10, T. 65·6, top of steep 

hill. 
817. Oonglomerate. N. E. t N. E. t sec. 10, T. 65 6. 
817 A. Pebbles from conglomerate. ' Same locality. 
817 B. Variolyte (?) pebbles from conglomerate. Same 

lo~ality. 

818. Ooarse grit showing sub porphyry tic white feldspars. 
E. t s. E. tN. E. t sec. 34, T. 66·6, west side of point in lake 
Avis. 
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819. The same. S. W. -!- N. w. 1 N. W. 1 sec. 35, T. 66-6, 
poin t on west shore of lake Avis. 

820. Ooarse grit holding elongated gray pebbles. N. W. i 
N. E. 1 sec. 34, T. 66·6, point on north shore of lake. 

821 and 821A. Oontact of Ogishke conglomerate and granite. 
N. E. t S. E.l: sec. 7, T. 65·5, west of West Sea Gull lake. 

822. Greenstone. Near centre of S. E. :1 sec. 7, T. 65·5, 
west of West Sea,Gull lake. 

823. Dark green schist. N. line of sec. 22, T. 65·5, a short 
distance E. of the N. W. corner of the section. 

824. Gray porphyry tic rock. A short distance E. of the 
last. 

825. Pink granite. N. line of sec. 22, T. 65·5, i mi. E. of 
the N. W. corner of the section. 

826. Granite. A short distance E. of the last. 
827. Ohloritic granite. N. line of sec. 22, T. 65-5, E. of the 

1 post. 
827 A and 827 B. Quartz-porphyry (?). Same locality. 
828. Granite in contact with greenstone. E. line of sec. 23, 

T. 65·5, about 1 mi. N. of the t post. 
829 and 829 A. Greenstone near granite contact. Same 10· 

cality. 
829 B. Greenstone holding a few quartz grains. A short 

distance S. of the last. 
829 O. Greenstone. E. line of sec. 23, T. 65·5, about i mi. 

N. of the 1 post; top of high ridge. 
829 D. Very coarse greenstone. Same locality. 
829 E. Ooarse greenstone. E. line of sec. 23, T. 65·5, at the 

1 post. 
830. Greenstone containing purple areas. W. line of sec. 

23, T. 65-5, S. of the i post. 
831. ]'ine grained syenite. Same locality. 
832. Light purplish graywacke. Same locality. 
833. Gray porphytitic rock. W. line of sec. 26, T. 65-5, a 

short distance S. of the N. W. corner of the section. 
834. Greenstone with hornblende crystals and pebble forms. 

W. line of sec. 26, T. 65-5, N. of the t post. 
835. Grit. S. line of sec. 21, T. 65-5, W. of the t post. 
836. Diabase. N. line of sec. 21, T. 65-5, W. of the t post. 
837. Altered camptonyte (?). S. W. t N. W. t sec. 12, T. 

65-5, N. W. shore of Oucumber island, Sea Gull lake. 
838. Greenstone. N. W. t sec. 20, T. 65-5. 
839. Granite with vein of chalcedonic (?) silica. [See:' 'Geo

logical age of the Saganaga syenite", by H. V. Winchell; Amer. 
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Jour. Sci., vol. xli., pp. 386-3fW, May, 1891.] This specimen is 
from the vein described in this article. N. E. { S. W. { sec. 12, 
T. 65-4, Granite river, at east end of portage. 

-840. Greenstone. Sec. 1, T. 64-6, west shore of Gabimich
igama lake. 

840A. Greenstone holding magnetite. S. W. t S. E. t sec. 1, 
T. 64--6, west shore of Gabimichigama lake. 

841. OO;1rse gabbro. S. W. t S. W. { sec. 1, T. 64· 6, west 
end of Gabimichigama lake. 

841A. Ooarse biotite muscovado. S -& S. W. t sec. 1, T. 64-6, 
north side of bay of Gabimichigama lake. 

842. Diabase· from centre of dyke. N. -:! N. t sec 12, T. 
64-6, r..orth side of point in Gabimichigama lake. 

842A. Fine diabase from edge of dyke, with gabbro 
attached. Same locality. 

843. Fine gabbro (?). S. E. t S. E i sec. 1, T. 64-6, north 
side of small bay of Gabimichigama lake. 

844. Heavy, dark, biotitic band in the quartzyte. S. W.l S. 
E. 1 section 1, T. 64-6, east shore of Gabimichigama lake. 

845. Light gray'muscovado. N. 1 S. w. 1 section 1, T. 64-6, 
south shore of Gabimichigama lake. 

845A. Yellow muscovado. Same locality. 
846. Quartzyte with magnetite and much amphibole. Near 

line between ranges 6 and 7, T. 64, south shore of Gabimich
igama lake. 

847. Muscovado from fragment in gabbro. S. W. IN. W. ! 
section 6, T. 64-5, island in Gabimichi.gama lake. 

848. Pyroxene from gabbro. S. E.l S. w. 1 secti.on 32, T. 
65-5, east shore of Gabimichigama lake. 

849. Red granite from vein in gabbro. N. W. 1 N. E. 1- sec
tion 6, T. 64-5, island in Gabimichigama lake. 

850. Muscovado from the gabbro. S. w. 1 s. w. l section 
1, T. 64-6. 

851. Gabbro consisting almost entirely of plagioclase. S. 
E. tN. E. 1 section 16, T. 64-5, east shore of Little Saganaga 
lake. 

852. Fine granite from dyke in gabbro. E.~. section 16, T. 
64-5, east :"hore of Little Saganaga lake. 

853. Diabase from dyke in gabbro. 'N. E. 1- N. E. 1- section 
24, T. 64-6, portage leading southwest from Little Saganaga 
lake. 

854. Quartz gabbro. S. E. 1 s. w. 1 section 12, T. 64-6, 
southwest shore of small lake. 
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854A. Coarse grained quartz gabbro. Same locality. 
855. Muscovado. W. line of section 9, T. 64-5, a short dis

tance from the N. W. corner of the section. 
856. Muscovado. N. W. t S. E. t section 22, T. 64-5. 
857. Typical fresh muscovado. The large faces of the speci

men are parallel to the "bedding". Near line between sec. 2, 
T. 64·5 and sec. 35, T. 65-5, northeast shore of bay of Bashi
tanakueb lake. 

857 A. Typical fresh muscovado. A few rods north of the 
last. 

857B. Decaying muscov.ado. The large faces of the speci
men are parallel to the "bedding". Same locality. 

858. Olivine gabbro showing a gneissic structure. N. E. t 
N. W. t sec. 11, T. 64· 5, south shore of Bashitanakueb lake. 

859. Olivine gabbro. N. -t S. E. t sec. 3, T. 64-5, north 
shore of Bashitanakueb lake. 

859A. Nodules rich in olivine and magnetite, from the gab
bro. Same locality. 

860. Rather coarse grained fresh muscovado. S. W. t S. E. 
t S. W. t sec. 36, T. 55-5, south shore of Muscovado lake. 

861. Reddish granite. ~. E. t S. W. t sec. 3, T 64-5, south 
shore of lake. 

862. Quartzyte showing fine laminre. N. -t sec. 34, T. 65-5. 
863. Muscovado showing banding. N. -t sec. 2, T. 64-5. 
864. Green schist. S. side of S: E. t S. E. t sec. 21, T. 65-4. 
864A. Fine grained quartzyte band. Same locality. 
854B. Magnetite band. Same locality. 
865. Fine grained greenstone. N. E. is. E. i section 24, T. 

65-5, south shore of lake. 
865A. Greenstone at contact with syenite porphyry. S. E. 

corner of N. E. is. w. t sec. 24, T. 65-5. 
866. Syenite porphyry. Same locality. 
866A. Syenite porphyry at contact with greenstone. Same 

locality. 
867. Greenstone. W. t S. w. t sec. 80, T. 65·4, portage 

east from Flying Cloud lake. 
868. Greenstone. N. W. t S. W. i sec. 30, T. 65-4, north 

shore of lake. 
869. Coarse mottled greenstone. S. W. tN. W. i sec. 30, T. 

65-4, north end of portage. 
870. Schistose greenstone. The large fiat surface is paral

lel to the schistose structure. S. E. t N. W. i sec. 30, T. 65-4, 
south side of lake. 
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871. Gabbro ten feet from contact. N. E. t N. E. 1- S. E. 
1 sec. 30, T. 65-4, south shore of stream. 

871A. Gabbro within eighteen inches of contact. Same 
locality. 

871B. Gabbro within two inches of contact. Same locality. 
872. Gray biotite rock. Near north line of sec. 31, T. 65-4, 

west side of Gaiter lake. 
873. Fine gabbro within 100 feet of contact with quartzyte. 

W. -t N. W. 1 s. w. 1 sec. 29, T. 65-4. 
874. Porphyritic diabase. S. W. 1 N. E. 1 sec. 29, T. 65-4, 

just north of Akeley lake. 
874A. Diabase from contact at top of sheet. Same locality. 
874B. Diabase from contact at bottom of sheet. Same locality. 
874C. Quartzyte at contact with diabase. Same locality. 
875. Greenstone. S. w. 1 N. E. 1 sec. 29, T. 65-4, just 

north of the workings at Akeley lake. 
876. Gray rock holding graphite. S. w. 1 N. E. i sec, 28, 

T. 65-4, Paulson's camp. 
876A. The same at gabbro contact. Same locality. 
877. Fine grained gray quartzyte. E. + s. W.l sec. 21, T.65-4. 
878. Greenstone. Same locality. 
879. Fine quartzyte banded with magnetite. Same locality. 
880. Magnetitic iron ore. Near center of N. -& sec. 28, T. 65-4. 
881. Coarse vitreous quartzyte. S. W. t N~ W. 1 sec. 28, 

T.65-4. 
882. Peculiar dark micaceous part of quartzyte. N. ~ S. 

w. tN. E. 1 sec. 28, T. 65-4. 
883. Gabbro. E. line of sec. '27, T.65-4, north of the 1 post. 

- 884. Fine gabbro. S. E. tN. E. 1 sec. 29, T. 65-4. 
885. Coarse olivine gabbro. S. W. tN. E. t sec. 28, T. 65-4, 

south shore of small lake: 
885 A. Gabbro very rich in olivine. Same locality. 
886, Fine diabase. S. E. 1- s. E. i sec. 22, T. 65-4. 
887. Nickel ore. S. w. 1 N. W. i N. W. ! sec. 37, T. 65-4. 
888. Garnetiferous band in green slates. Just N. of the S 1 

post of sec. 22, T. 65-4. 
889. Diabase from dyke. Just S. of the N. E. corner of sec. 

22, T. 65-4. 
889 A. Fine diabase from, edge of dyke. Same locality. 
890. Gray quartzyte. About t mi. S. of the N. E. corner of 

sec. 22, T. 65-4. 
891. Porphyritic diabase. S. E. t S. E. } sec. 22, T. 65·4. 
892. Gray quartzyte band from the slates. Same locality. 
893. Diabase from dyke. Cross river, S. line of sec 27, T. 65-4. 
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IY. 

PHELIMINAHY HEPOWr OF A HECONNOISANCE 

IN NORrrHWEt-lTEHN l\I1NNEsorrA IN 1392. 

BY J. E. TODD. 

ITINERARY. 

Having prepared an outfit, consisting of a covered spring 
wagon and span of ponies, and secured an experienced assist
ant, Mr. Arthur W. Chase of Hastings. I left Minneapolis July 
7, 1892. 

We proceeded by the main road, up the west bank of the 
Mississippi to Little Falls, there crossed and continued on the 
opposite side to Brainerd, arriving July 12th. 

Pursuant to correspondence with Mr. S. A. Shellabarger and 
Mr. Pettengill, both of Staples, I went by rail to that point. I 
there investigated reported finds of petroleum, found them mis
taken, and with the latter gentleman visited some "curious 
mounds," on sections 9 and 16, T. 132, 33; they were clearly an 
"osar" ha,u a mile long and 30 to 50 feet high. 

Returning to Brainerd, I prepared for camping, and pro
ceeded to Leech lake by the main trail, via. Pine River and 
Hackensack post offices. Of necessity I returned to the latter 
point, sec. 19, T. 140, 30, and thence went nearly due west to 
Park Rapids. Thence northwest to the county line which we 
followed quite closely to lake Itasca, then down its east side 
to its outlet. where we procured a boat and visited the south
west head of the lake and photographed its inlets and Elk lake. 

From Itasca we kept a north course, fording the Mississippi 
at Dutch Fred's crossing, on to Mike Spain's, sec. 29, 146, 35. 
After mal);ing a short trip about three miles northwest, we fol
lowed the trail to lake Bemidgi, crossing the Little Missis
sippi on sec. 16,146,35, Grant creek on or near sec. 29, 147, 34, 
and lake Bemidgi upon the circular bar formed by the inflow
ing Mississippi. From Carson's trading post on the south 
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shore of the lake, we retraced our course six or seven miles, 
then struck north by a trail to N. E. cor. sec. 26, 148, 34, and 
thence a little south of west to Bagley Dam, sec. 31, 148,35, on 
Clearwater river. 

After taking a foot-trip about six miles southwest from there . ' 
nearly to the Little Mississippi, we went on down the west 
bank of the Clearwater to Clearwater Lake dam, sec. 12, 149, 
36. Thence we made a trip to Red Lake Agency, going by the 
"Little Rock road" and returning by the "Sugar Camp road." 
The two coincide as far as Sandy river. A foot trip was also 
taken about two miles south from the Agency. We reached the 
Agency July 28. After returning to Clearwater lake dam we 
took the old trail to Fosston via. How's, sec. 4, 147, 37, and 
Popple, sec. 22, ]47, 38. 

From [i'osston we went on past McIntosh, "Bucktown," Lam
bert and Badger, west to sec. 1, T. 150, 45, thence south two 
miles, then east and north to Red Lake Falls. Thence to Thief 
River Falls, where finding that we could not take a short course 
to Jadis, we went by Excel and Bokke's, sec. 22, 156, 45, to the 
"Pembina traiL" crossed Middle river near the S. E. corner 
of T. 157, 46, and the Tamarac near the middle of the north 
line of the same, we soon got on to the "Jadis ridge" which 
we followed over 40 miles nearly to that point. From Jadis 
we took our team to sec. 15, T. 162, 39, where we left it and 
taking a guide made our way on foot to the mouth of War 
Road river on Lake of the Wood's, arriving Aug. 9th. Next 
day we hired an Indian with his canoe to take us past Rocky 
point and two or three miles northeast to a bare, rocky island 
which for convenience we will call Cormorant island because 
we found a score or more of cormorant nests upon it. 

From this our farthest point we retraced our former course 
as far as the Tamarac river. at Nelson's, sec. 14, 158, 46, be
cause there was no other practicable. From that point we 
went to Stephen by the stage route, and from there southeast 
to a road running east from Argyle, which we followed past 
Bokke's, Humboldt, Ingalls and Breese postoffices to sec. 11, 
T. 157, 42, where I left my team, and went on foot five or six 
mil~ east over marshy ground to the southern side of Thief 
lake. We then proceeded directly past Holt and Excel post
offices, Thief River Falls, St. Hilaire, Red Lake Falls and 
Lambert, to sec. 19, T. 150, 40; thence south about four miles, 
whence several shorttdps were taken on foot· to explore an 
old channel, and thence southeast. to Fosston. 
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From that point by the usual trail to White Earth Agency 
and on south past Richwood to Detroit, where I took the train 
for Minneapolis, Aug. 27th, leaving Mr. Chase to bring on the 
team. 

SKETCH OF OBSERVATIONS AND RESULTS. 

I was furnished with aneroid, compass, field glass and 
camera. Opportunity for extensive views were rare and over 
much of the way departure from the regular trail very labo
rious, and, therefore, seldom attempted. Opportunities for in
terviewing old settlers, surveyors and "cruisers," were dili
gently sought, and frequently led to valuable information. 

1. Exposures of Older Rocks.-North of Little Falls no ex
posure of "bed-rock" anywhere was found except at the extreme 
limit of our journey, in Lake of the Woods .. At Rocky point, 
showing nearly a mile along its west side and extending I was 
told several miles east, finely glaciated knobs rose like whale
backs 5 to 15 feet above the water level. Cormorant island, 
covering perhaps half an acre and rising 15 feet above the 
water, and a few small islands south of it were composed 
entirely of such rocks eroded a very little by the lake. The 
level of the lake was about six feet higher than a short time 
before because of a dam placed across its ol!tlet at Rat Port
age, as I was informed. 

The rock at Cormorant island and the northern part of 
Rocky point is a dark magnetic gabbro as it would appear on 
macroscopic examination. It was found ~o highly magnetic 
that no reliance could be placed on the compass. The needle 
would swing all round tlie circle wi thin a few feet if held three 
or four feet above the surface of the rock, and a mass of about 
a dozen cubic inches would hold the needle placed by it, in any 
position. 

This rock is in places coarse grained and porphyritic. Upon 
Cormorant island it exhibited a striped appearance of flowing 
lines of light and dark, shading into one another. 

Joining this dark rock upon the southwest is a fine grained 
pinkish gray granite, the intersecting plane between them be
ing nearly perpendicular. 

Imet at Red lake a settler by the name of Wm. Kasson 
who told me t!J.at there was an exposure of dark hard rock, 
rising a few feet above the south fork of Battle river, on or 
near sec. 36, 152, 30. 
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Another settler who had been a quarryman said that ten 
miles west of where Badger creek enters the "Big muskeg," 
near the center of Kittson county, he dug down four feet below 
the surface and found limestone four feet square without 
seams, how much more extensive he did not discover. Not 
far away on a ridge he saw flaky layers of limestone, tipped. 

At Red Lake Falls a well had been bored over 400 feet. 
From the statements of the borer, Mr. Anderson, the follow
ing section is made; 

1. 47 ft. Lacustrine clay, much of it laminated. 
2. 47-112 feet. Clay with small stones. Water struck in 

limited quantity at 47 feet. 
3. 112-316 feet. Sand and gravel cemented above the water 

for several feet. 
Struck water at 118 feet and 316. The last rose up to 47 feet. 
4. 316-407. Clay without grit. Could bore 50 feet a day. 
No.4 is without doubt preglacial and possibly part of No.3. 
Mr. J. C. O'Brien of Red Lake Falls informed me that there 

are rock ledges along most of the course of Rainy river; that 
'Rapid river, which is a large stream, has a branch running 
nearly parallel with Rainy river, and not far away from it, 
skirting the edge of the rocky area. 

2. Glacial Drift.-This formation covers without doubt the 
whole region visited, with the exceptions already mentioned. 
It is in turn covered over wide areas by more recent deposits 
formed by lakes and rivers. 

As regards the characters of the drift sheet in general, 
little need be said here. The upper or modified drift, which 
may be the enclacial drift more or less stratified by the waters 
of the melting ice-sheet, is generally sandy in the Mississippi 
basin and over the divide toward the Red Lake as far as the 
morainic strip running east south of the lake. A clayey strip 
was noticed south of Leech lake and another extending north
east-southwest crossing T. 148, 35. In this same area lime
stone erratics are very rare. Dr. Jas. R. Walker, sub-agent at 
Leech lake, after wide travel informed me that he had seen 
but one limestone boulder. I found none until I reached T. 
146, 36, and then only one or two small shaly ones. I found a 
few lime-pebbles in lake Itasca. Throughout this same area 
black silicious slaty boulders seem more common than else
where. 

After entering the morainic strip south of Clearwater lake, 
limestone boulders became more abundant and were not very 
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scarce throughout the rest of, our journey. In the rest of our 
course also. clay was the common subsoil, except on tj3rraces 
and beaches. It was generally of a light gray, though some
times yellowish. 

Typical till was observed at the base of' several high banks 
along the Clearwater and Red Lake rivers. 

Moraines.-Not venturing to decide their relations, in most· 
cases, I will simply enumerate them by localities. 

(a). Rough ground was struck southeast of Gull lake, and 
continued more prominently west of the lake north to a little 
north of Twin lakes. High ground was crossed just south of 
Pine river in T. 137, 29. This apparently came in from the 
southwest, and was thought to connect with the ridges left 8 or 
10 miles further south. 

(b). A very rough country was entered in the northwest 
corner of T. 139, 30, and traversed for about 14 miles going 
north. It rose 150 to 175 feet above Leech lake and 80 to 100 
above the country south. Dr. Walker informed me that it did 
not extend farther east than the southeast corner of Leech 
lake. also that there were hills southwest of the lake. I wa~ 
informed by a "cruiser" that there were hills west of Pine 
lake which connected with those along Gull lake, therefore I 
am disposed to consider the morainic region south of Leech 
lake to be an interlobular angle of the same moraine to which 
(a) belongs. ' 

(c). No distinct morainic features were n9ticed between 
Hackensack and Park Rapids, but near the ,southeast corner of 
T. 141, 36, we encountered ridges again. extending east and 
west, which became higher and rougher northward. These 
features continued till we were east of the fork in lake Itasca. 
Its higher points rise] 50 feet or more above the lake. 

(d). Along Grant creek in T. 147, 34, we encountered a 
narrow but well defined moraine running S. S. E., the knobs 
rising abruptly 25 and 30 feet. A trader, Mr. Carson, of lake 
Bemidgi, said it passed 4 or 5 miles south of that lake. We 
crossed an elevated strip in the south part of T. 148, 34, which 
is supposed to be a continuation of the same, running more 
directly north. From reports we judge that it joins a morainic 
strip running east and west, a little further north. 

(e). A clayey elevated undulating strip was crossed in the 
northern part of T. 148, 35, crossing the Clearwater in an 
eastward direction, and rising in places 175 feet above that 
stream. 

, , 
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(I). The region north and west of Clearwater lake is mor
ainic, and east of the crossing of Sandy river there are knobs 
rising 125 feet above that stream and 50 feet above the clayey 
plain north. This is believed to be the northern member of a 
double or interlobular moraine running east.. Its northern 

. slope is understood to extend quite directly westward through 
the southern part of T. 150, 40. 

(g). The region traversed between Clearwater lake dam 
and Fosgton was mostly morainic, higher points being crossed 
in 148, 36, near the east line of 147, 38, and near center of 
147,39. There appears to be a moraine running southwest 
along northwest of the upper Clearwater, which very likely 
connects with the eastern morainic belt in Becker county. 

(h). The country is morainic north and northwest of Foss· 
ton, but not so distinctly so west and south, though there 
are some knobs along west of the old valley leading east and 

. south of that place. 
(i). A very stony well defined moraine cro.;;ses the southern 

tier of sectious in T. 150, 40, and ends abruptly near the 
southwest corner, where it crosses a well preserved lake bea,ch. 
This is believed from reports to connect with (f.) 

(j). _ A well developed moraine was crossed south of the 
Wild Rice river in T. 141,40, where it rises over 100 feet above 
that stream. The same moraine was seen on the lower land, 
in or near T. 143, 43. I refrain from speaking of moraines al
ready noted in reports. 

(k). Mild morainic features were noted along west of the 
south courses of Thief and Red Lake rivers, in range 44, in 
north Polk county, particularly a few miles south of St. 
Hilaire. There are shallow basins separated with narrow low 
ridges and frequent boulders in places. It has evidently been 
subject to lacustrine action also. This is thought to continue 
southeast from 152, 44 and connect with (i). 

(l). Five or six miles southwest of the mouth of War Road 
river we passed over a ridge lying east and west, about 45 fp,et 
in hight above the peat marshes or "muskegs" around. It 
was quite sandy in places, but showed boulders at various 
points and one circular basin was noted toward the east end. It 
was impossible to get a good idea of its form on account of the 
trees, but it appeared like an inclined sand plain sloping south
ward. ';fwo other low bouldery ridges were crossed southwest 
of it. Mr. G. F. Schoonover, our guide, said that a similar 
!idge corresponding to the first mentioned was found farther 
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east and connected with a ridge running nearly sonthwest from 
Rocky point. There is said to be a ridge a little north of the 
boundary, called Pine ridge, which connects north with White
mouth ridge, just how I could not make out. High land north 
of the Rosean can be seen from J adis ridge. 

Rumors have come to me from several sonrces, some of them 
quite circumstantial, that there is quite a high ridge south or 
southwest of Rocky point. Possibly these may be morainic 
ridge~ to be correlated with (i) and (k). They are probably 
more or less shaped by lacustrine action. 

OsaTs.-In or near the southeast corner of T. 146, 36, I as
cended the head of an abrupt ridge, rising about 100 feet above 
the surrounding plain. Its train of knobs of diminishing hight 
trended S. 30° W. mag. It was quite bouldery. 

Some low winding ridges trending eastward were noted in 
the valley a few miles south of Fosston, which were probably 
of this class. They were not over 20 feet in hight. 

In regions already described I noted two fine examples. One 
on sections 9 and 16, 132, 33, already mentioned, and one not 
far from Darling, Morrison Co. It is cnt by the railroad 
and exhibits the stratified structure finely. It is 30 or 40 
feet high. 

Pitted Plains.-I know of no better term to express what I 
have observed at several points, though I am not sure that 
what have been so called by others are the same. 

The finest example of this class is found south and southwest 
of Red lake. The topography is very even, rising gently to the 
south, but dotted with basins with abrupt sides and of quHe 
uniform depth. These depressions are of all sizes from a few 
feet across to many acres. I could not resist the impression 
that an ice-sheet had gone to pieces, its blocks stranded and 
clay and sand had filled in quite level around them. Later 
they had melted and left their places vacant. 

A similar but less perfect example is found about Leech lake 
and north of the east course of the Mississippi. Along the 
Little Mississippi this structure was marked along its channel, 
as though a subglacial channel had been marked by blocks of 
ice. This was noted particularly in the western part of 146,35. 

Old Channels.-Only a few of the more significant need be 
mentioned. 

(a). There is a conspicuous gap through Moraine (i2' begin
ning on or near sec. 27, 150, 40. From it a channel trends 
southwest and spreads out on a delta Olia level with a well 
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defined beach on or near sections 6 and 7 of the town next 
south. From the same gap a terrace, 40 to 60 feet higher, 
leads more directly southward toward McIntosh. In this 
terrace is a row of large basins and lakes with abrupt sides. 

(b). There is a notable chain of lakes extending southwest 
from Leech lake, which is utilized by the Indians for a trail. 
It crosses T. 141, 32, and 140, 33. 

(c). Several shallow winding channel-like swamps are found 
traversing interruptedly the plain forming the divide between 
the Olearwater and the Mississippi. 

Striro.-These are found abundantly on th8 surface of the 
only rocks found in the region, capable of receiving and pre
serving them, viz.: at the Lake of the W oous. Their direction 
is generally southwest, or parallel with the axis of the south
western bay of the lake. As the magnetic needle was useless, 
note was taken with reference to the sun. but the results have 
not yet been calculated. 

3. LacustTine anel Recent FOTmations.-Large portions of the 
region visited were formerly the bed of lake Agassiz. The 
several beaches of the lake were frequently traversed. We 
may enumerate and locate them as follows, beginning with the 
highest; we use -local names, as their correlations are not cer
tain: 

(a). The Lindsay beach. This seems tu intersect the 
moraine on sec. 31, 150, 40, and runs nearly south for three or 
four miles at least. It was first seen from the west and photo
graphed with the thought that it was a terrace of Hill river. 

( b ). The Ba udry beach. This passes east of north near the 
station Baudry. It was not closely examined. This is be
lieved to correspond to some indistinct fragmentary beach lines 
noted along west of the south courses of Thief and Red Lake 
rivers, and possibly with the next. 

( c). The Excel beach. This is well developed and nearly 
continuous, extending along the east lines of T. 155, 44, and 

. 156,44. This, I believe, is sometimes called Oak ridge. 
(el). 'l'he Higher Gentmy beach. Along the east side of 

Town Gentilly, 150, 45, are two sand ridges, one about 15 feet 
higher than the other. They are about 200 yards apart and a 
canal-like pond runs between them for some distance. Ap
proaching the river north they turn westward and are said to 
pass Ives Station or ridge. They were found still together 
along west of the east line of T. 156, 46, and were observed 
between the Tamarac and Middle rivers. 

• 



76 TWENTY-FIRS,!' ANNUAL REPORT 

(e). The Jadis ridge. This probably is a continuation of 
the last. It was followed from the northwest corner of T. 
158, 46. north and then east-northeast past Pelan and Badger 
to sec. 22, T. 162, 40, near .Tadis. It is a most imposing fea
ture, forming a perfect thoroughfare through swamps and tim
ber. It is grassy along its top, with oaks and elms on its 
slopes. It is often 18 to 20 feet high, with a breadth of 3001 
yards when of simple structure. It is at several points double 
or triple, with cross ridges. At its eastern extremity it ends 
in an abrupt curve to the south. It is there about 65 feet high 
above the plain east, with lower terraces at 12 and 38 feet above 
the same. It will be noticed that this is about the hight of 
the bouldery ridge mentioned under moraines (l). 

(1). The Lower Gentilly beach. As before said there are 
two ridges nearly parallel along the east side of T. 150,·45. 
It is found in company with the Higher, where we met with it, 
till both have crossed the Tamarac, then the lower is said to· 
turn northwestward to the vicinity of Hallock. The Pembina 
trail follows it. We were not so fortunate as to determine the
exact point where the two separated. 

(g). The Foldal beach. Another well defined ridge was 
found about parallel with the last. It was crossed on sec. 4, 
156, 46, and on or near sec. 24, 158,47. 

( h). Nelson's beach. Running east through the third tier of 
sections in T. 162, 39, is a low sandy beach, not more than 10' 
feet above the surrounding flat. I judge that the inner side is 
north, but am not certain. It seems to mark the north side of 
an old delta of the Roseau river. 

Bouldery St1"ips.--The inner sides of the ridges are bounded 
generally with clayey flats quite thickly strewn with boulders, 
so much so as to interfere seriously with their tillage when dry 
enough to farm, and with mowing when used as hay-meadows. 
This feature is easily explained by the wash of waves and the 
undertow, while the adjacent beach was forming. In places. 
they are so abundant as to suggest that floating ice may have 
assisted in collecting them. As Mr. Upham has already ob
served, boulders are rarely if ever found on the beach itself. I 
found One boulder of limestone about 6 inches in diameter on 
the summit of the lower beach in Gentilly, and one or two 
larger on Nelson's beach. The body of the beach is usually 
sand and gravel, the latter rarely coarse. Boulders however 
are found close to the beach and not far below the summit. 
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Clay Flats.-Extensive areas inside and remote from a beach 
are commonly covered with fine clay. This is the case about 
Stephen and I understand between there and the Red river, and 
so generally north and south along the bottom of the Red 
River valley. 

About Red Lake Falls, as was finely shown in fresh railroad 
cuts, there is a deep deposit of dark laminated clays of fine 
grain. There is a layer of dark clay i to t inch thick, then a 
loose light-colored deposit not more than a tenth as thick, 
which shows plant-like structure of some Algal compressed. 
These deposits, though 20 feet in depth, in places are quite 
inconstant in thickness and sometimes pass abruptly laterally 
into sand. In the Roseau valley a similar formation was ob
served in freshly dug wells. A case was reported as follows, 
near Roseau lake: Eight feet below the surface this laminated 
clay was struck and was 8 feet thick; then sand, red clay and 
pebbles for 23 feet; then the laminated clay again, which con
tinued down as far as 160 feet from the surface. 

In Ross township near by a well was dug 110 feet deep all in 
this laminated clay, and from that depth the water rose to the 
surface. This was reported by Schoonover. 

River Te1Taces.-A few only of the more notable may be men
tioned here. Along the Clearwater, abou t Bagley dam, a sand 
terrace 25 to 30 feet above the stream is quite widely devel
oped. A section below the dam showed the full hight built 
of obliquely stratified sand with a bouldery stratum about the 
middle. 

At Red Lake Falls another section on the same stream was 
as follows: 

20 feet. Dark lead-colored laminated clay, with very few 
pebbles. [Lacustrine.] 

10 feet slope and undetermined, but from other sections, pre
sumed to be occupied by the strata above and below. 

8 feet. Yellow loam stratified, in places passing into fine 
sand. Bottom well defined. 

7t feet. Typical till, light bluish gray. 
5t-3t feet. Stratum of boulders above and laminated pebbly 

loam below. 
19 feet. Lighter, looser buff till. 
4-5 feet. Bouldery slope. 
Level of Clearwater below the rapids. 
The upper portion of this is doubtless lacustrine, aml per

haps none is strictly stream terrace. 
66 
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TO}JogTa}Jhical Notes.-In the basin of Red lake and of lake 
Agassiz the surfl;tce is very level and largely marshy. Eleva
tions over five feet above the general level are rare, with the 
exception of the beaches and moraines already noted. 

The divide between the Mississippi and the Wild Rice and 
Clearwater rivers is similarly even and marshy, but about 150 
feet higher. 

Mr. W. J. Hilligoss, of Fosston, an experienced surveyor and 
hunter, called my attention to 'the fact that the general level 
of the land south of the following line was about 100 feet high
er than the general level of the plain north of it. The line he 
described as follows: Beginning on the west slope of the p.igh
land a little south of the Wild Rice, T. 144, 41, it goes in a 
sinuous line eastward to Schoolcraft river, and thence south
east towards Leech lake. Where I crossed it, I found his state
ment to hold good. 

The existence of this buried escarpment, if such it be, may 
explain why the ice lobe from the east pushed over the divide 
between the Mississippi and the rivers northwest, as has been 
stated, so as to form its mora.ine on the slope northward. 

Capt. Mockman, of Jadis, of wide and intelligent acquaiut
ance with the region, informed me that Lake of the Woods is 
several feet higher than Roseau lake, that a "muskeg" or 
marsh nearly connects them, and that a low ridge, not over 200 
yards wide, is all that hinders the water running. 

He also stated that the region between the Roseau and Rat 
rivers was "mountainous," traversed with northwest·south
east ridges, that Pine ridge runs northwest, and that there are 
bouldery flats on the boundary west of the Roseau. 

J. E. TODD, 
Assistant Geologist. 

Vermillion, S. D., Dec. 20, 1892. 

/. 
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v. 

]'IELD OBSERVATIONS OF N. H. 'VINCHELL 

IN 1892. 

THE HALE, CINCINNATI AND BIWABIK "MINES. 

,9 

Field observations were beglln March 5, 1892, by a hurried 
trip to the new mines then lately opened on the Mesabi range 
in secs. 1 and 2. T. 58-16. The report on the "Iron Ores of 
Minnesota" (Bulletin VI) had but lately been published, and 
had announced some of the early discoveries, but at that time 
none of the remarkable deposits had been found. It was not 
long, however, before some of the possibilities which that re
port had pointed out for the Mesabi range, began to take on the 
appearance of actualities. It was for the purpose of verifying 
some of these later discoveries that an early examination was 
made. At that time the Hale, the Cincinnati, the Shaw and the 
Biwabik mines were the center of interest and expectation, 
while further west the "Misabe Mountain" location, with nu
merous promising localities intervening, gave strong hope that 
the most glowing anticipations would be realized. 

But little information was gained by this first visit to these 
mines, beyond the verification of ideas already published con
cerning the general geologic relations. At the Hale mine (S. 
W.t sec. 1, 5tl-16), the most easterly of the new group, the ore 
deposit was met with sometimes within two feet of the natural 
surface, and in some cases the turf itself grew in a red hema
titic soil which resulted immediately from the disintegration of 

.. the ore. In other places the ore was found ten or twenty feet 
from the surface. This mine is just south from a low ridge of 
greenstone, about ten or fifteen rods distant, which, at a little 
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further west; is replaced by granite. The ore, and the changed 
rock lies unconformably on these older rocks. 

The Cincinnati mine property embraces eight "forties" in 
the central part of section 2,58-16. At this mine the rock which 
intervenes between the ore and the gr~enstone is a rather 
loose quartzyte, which somtimes is charged with ore by down
ward infiltration. This intervening quartzyte is not visible at 
the Hale mine, but at tlie Cincinnati mine th:;:ee shafts have 
penetrated this sand. Overlying the ore horizon is a series of 
slates, so called "black slates", although this rock is some
times not at all slaty, but rather a black rock, fine-grained, in 
peds from four to twelve inches thick. The seven shafts which 
were examined on the Cincinnati property were all said to be 
in ore from five to fifty feet, although it was evident that this 
ore was not all of first class grade. These were all on the N. 
E. t of the N. W. t of section 2. 

The Biwabik mine adjoins the Cincinnati toward the west, 
and several shafts here have entered ore of fine quality. Some 
of these shafts, which have been sunk by the simplest methods, 
and without the aid of steam power, have entered soft ore to 
the depth of over fifty feet, the overl;ying drift accumulations 
being from ten to twenty feet thick. Under the ore here also 
a sandstone has been encountered. Toward the north occurs 
the greenstone ridge which extends continuously from the Hale 
mine. 

To reach these iron locations it is necessary at present to 
travel over an execrable road a distance of twelve miles from 
the Duluth and Iron Range railroad at Mesaba station. Over 
this road during the past winter much freight has been hauled, 
indeed all the lumber, supplies and all the personal accoutre
ments of the men here employed, as well as of those at Moun
tain Iron, have been hauled, at great expense, by horses, from 
this railroad station. This has caused the sudden influx of 
small traders and the establishment at the station of many 
transient fortune-seekers, resulting in a village of about a hun- . 
dred temporary shanties. 

MANGANESE OXIDE AT MONTICELLO. 

Under the guidance of Mr. J. N. Stacy a visit was made 
(April 21) to the left bank of the Mississippi river at one mile. 
above the village of Monticello. Here was found a bluff, about 
25 feet high, (the usual bluff of the immediate river channel 
outside of the flood plain,) consisting of some strata of the 
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Cambrian, much hid by drift sand which falls from the top. 
The strata are of light green shale and white sandstone, the 
latter containing Lingula in considerable numbers; and belong 
in the St. Croix. This is an isolated cut by the river, inas
much as generally the river bluff consists of drift, the lowest 
seen at the water level being a red till, or of fine stratified red 
clay. In the overlying gravel is much manganese stain. This 
here overlies a fine red brick clay, such as that used at Monti
cello. 

On the west bank of the river, on sec. 32, T. 122. R. 25,' is a 
considerable stratum of black manganese oxide. It extends 
visibly along the river bluff 200 or 300 feet. immediately over
lying a pebley blue clay, and has an average thickness less 
than twelve inches. Overlying it is drift gravel and sand. 
The underlying blue clay extends indefinitely westward, and 
underlies also an extensive marsh in secs. 31 and 32. There is 
a suggestive topographic relation between this bog and the 
lower level at the river which leads to the supposition that this 
bog, which is itself affected with manganese and iron oxides, 
has its underground discharge into the river at this point. 
This supposition is strengthened by the existence of wad in 
greater or less amount over much of the surface of the marsh, 
mixed with greater amounts of bog iron ore. The perpendic-

. ular section at the marsh was found to average about as fol-
lows: 

Peat .................... , ........................... , 1-2t feet. 
Red bog iron ........................................ 0-3 inches. 
Black manganese and bog ore. . . . . . . . . . . . . . . . . . . . . .. 0-2 feet. 

Analysis made of the black deposit near the bottom gave but 
little manganese, the color being due principally, in this case, 
to organic matter. Analysis of the black deposit at the river 
bank, which first attracted attention, was given in the last 
repor~ (p. 321), and is here repeated: 

Sand and clay.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.98 
Carbo lime.... .. .... .... .... .... .... ............ .......... . 6.86 
Carbo magnesia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .85 
Oxide' of iron.... .............. .... .............. .......... .51 
Black oxide of manganese. . . . . . . . . . . . . . . . . . . . . . .. ........ 79.83 
Phosphorus .... , ................ ,' .... .... ....... ............ .09 
Sulphur ..................................... ,'.. .... .... .... .01 
Water of hydration and organic matter.... ............... 6.87 

100.00 
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THE MESABI RANGE ON SEC. 27, T. 60-13. 

This is ORe mile south of the granite range. The land here 
is owned by the Mesabi Iron company and exploration is being 
made by the Mesabi Syndicate company, under the manage
ment of Capt. Wicks. Much expense has been incurred, the 
effort being to accomplish a thorough examination of a large 
tract of presumably iron-bearing lands. Capt. Wicks furnished 
much information, and guided the writer to several points of 
geological interest. He gave the following description of a 
drill-hole made in N. W. t S. W. t sec. 27, 60-13, one mile south 
of the granite. It is illustrated by samples of the rocks passed 
through, as numhered: 

Diamond [kill section, made on N. W. -l 8. W. -l section 27, 60-13. 

Drill NO.5. 
1. Drift ............................................. _ . . . . . . . . . . 6 feet. 
2. Black and gray, fine, banded rock, with fine grained magne

tite, the latter being distributed through the whole, and 
sometimes in. beds six inches or ten inches in thickness. 
Survey number 1628........... .................. .. ........ 157 feet. 

3. "Black slates," a rather massive rock to be named slate, 
charged with magnetite. Survey No.,1629 .. Olosely allied 
to the last ............................ :-:-~':.. .. .. .. .. . . . . . . 70 feet. 

4. Gray quartzyte, nearly all silica, but sOJ;lletimes porous; has 
round secretions (or concretions), 1630A, shaped like the 
eponge Hindia, about t to t inch in diameter. These are 
in cavities somewhat larger, but surrounded by a loose 
siliceous mesh which keeps them in place. This rock also 
has some non-homogenous places-angular and rounded 
masses appearing cut by the diamond drill. Survey No. 

',1630 .................. " .................... , ........ " .... 20,feet. 
5. "Ore." This is a siliceous, fine magnetite. The upper part 

contains somt' of No.4, and the lower part is softer, and 
rather less in iron. This lower part gave no core, but 
washed away with the cuttings through the drill core, 
suggesting that it may have been soft ore. Oapt. Wicks 
thinks.18-20 feet may be the average thickness of the 
ore,(1631) .i • ••••••••••• ~ • • • • • • • • • • ••• • • • • • • • • •••• • . • • • • • • • • • 24 feet. 

6. Fine gra1ii~d, pinkish-cream colored quartzyte, evidently 
granular, though very fine. (1632) ....................... '. 17 feet. 

7. Round, "fragmental" quartz grains cemented in a matrix 
of quartz. The lower portion of this stratum is of crystal-
line quartz, or at least of less evidently fragmental grains 
Some of it also' appears like chalcedonic silica. The 
crystalline portions present faces of fracture I-Hi to 1-4 
inch across, and resemble the quartz seen at Ohub lake. 
It also contains pyrites in streaks and crystals. The 
transition downward to the next is gradual. (1633).... .. 15 feet. 
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8. A hard, siliceous greenish rock, which contains many frag
mental grains of quartz 1-16 to 1-8 inches across, some of 
them of a lavender blue color. While the mass of this is 
quartz it is colored apparently by fine debris from the 
earlier Keewatin greenstones of the vicinity, and should 
be considered the lower portion simply of No.7. It also 
embraces rounded pieces fran! No. 10, and evident crystals 
of feldspar. ~4; Compare 1637 J •• '" •• , •••• •• •••• •• • •••• 10 feet. 

9. The lower p0rtion of No.8 oeco.mes coarse and irregular, 
lighter coloreli, with pyrite or chalcopyrite, resembling 
outwardly a coarse grani te., (1635)............... ........ 1 foot. 

10. Granite .. (1636) ................ : ..................... entered 3 feet. 

Total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 321 feet. 

A.dditional notes on the jOTegoing dTill section. 

A number of other drills also have been made in the same re
gion, and according to the records kept by Capt. Wicks the fol
lowing data were obtained: 

DTilZ No.1. S. E. ! S. E. ! sec. 29, 60-13. Drift, 8 ft.; black 
slates, 38 ft. (No. 3 of drill No.5, above); gray quartzyte, 
(taconyte horizon), 12 ft. (No.4 of drill No.5, above) ; mixed 
ore, (50 p. c.), 10 ft. (No.5, of drill No.5, above); pinkish 
quartzyte, the lower portion of this had some of the coarser, 
fragmental quartz, 19 ft.; granite, 4 ft; total, 91 ft. 

Drill No.:e. S. E. t, N. E.!, sec. 28, 60-13. Drift 7 ft.; black 
slates, 52 ft.; gray and brown quartz, 15 ft.; dark gray quartz, 
!:l ft. (the last two being the taconyte horizon) ; ore, hard, 
mixed, 24 ft.; mixed ore, and brown, "soft stuff," 7 ft. 6 in. ; 
soft, green rock, mixed with quartz, conglomeratic. 7 ft.; 
granite, 4 ft. 3 in.; total, 125 ft. 9 in . 
. Drill No.3. Surface, 4 ft. 9 in.; black slates, 81 ft.; dark, 

gray quartz, 12 ft.; quartz, and a little ore, 4 ft.; quartz, with 
seams of ore, 4 ft.; quartz and magnetite, 9 ft. 6 in. (the last 
four being the taconyte horizon) ; soft material and hard ore, 9 
ft.; brown (pinkish) quartzyte, 32 ft.; white quartz, coarser, 8 
ft.; granite, 4 ft.; total, 168 ft .. 

Drill No. 4. S. E. t, S. E. -i, sec. 29, 60-13. Drift and boul
ders, 9 ft.; black slates, 36 ft. ; mixed brown and gray quartzyte, 
(on the horizon of· No.4, of drill No.5, above), 110 ore, 17 ft.; 
brown quartzyte and ore (six feet of ore in the core interbedded 
with the quartzyte, ore beds, 4 or 5 inches), 9 ft. 6 in.; hard 
ore, 14 ft. 9 in.; brown rock, soft, containing ore (30·40 p. c.),2 
it. 9 in.; white fragmental quartzyte (bottom. coarser), 10 ft.; 
granite, 2 ft.; total, 99 ft. 
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The rock of No.6, of drill NO.5 (the pinkish, fine quartzyte), 
Mr. Wicks regards as complementary of the ore. Where it oc
curs he finds less ore, and that is impure, being mixed with 
this rock, and where none of this quartzyte is founil., the ore, if 
found, is of high grade and clean. None of this rock is found 
in those holes where he has fou1:J.d the better ore. Mr. Wicks 
says he knows of this pinkish quartzyte in sec. 14, T.59·14, in 
angular pieces, evidently nearly in place; a}so in sec. 32, 60-13, 
where it is in outcrop. 

The greenish, siliceous rock, No. 8 of drill No.5, above, 
(Sur. No. 1634), is supposed to be in outcrop in N. E. t, S. W.1 
sec. 22, 60-13, where a sample (1637) was procured from a pit 20 
feet deep. This is a greenish, fragmental rock formed by 
debris from the adjoining granite and greenstone ridge holding 
conspicuous fragments of lavender-blue quartz supposed to be 
from the granite, and some orthoclase crystals, the latter eaten 
into by some agent, and showing within some of the green ele
ment which composes the matrix, and which apparently consti
tutes the most of the rock. Whether there be in this rock any 
volcanic diffusive debris, of a basic nature, is uncertain, but it 
appears possible, if not probable. Sometimes it contains 
pyrite and galenite. The general aspect is green. The rock 
is so soft that it cuts like semi· fibrous chlorite. In other places 
this member of the iron· bearing Taconic is rather a quart~yte, 
with green chloritic matter disseminated, the quartz grains be
ing coarse and fragmental. 

The rock 1631, the "ore" of the foregoing drill section No. 
5, is seen fairly at No.2 pit, which is on S. E. 1 N. W. 1, sec 
tion 28, 60-13, where it embraces not'only much hard, siliceous 
ore, but much coarser and some even conglomeratic masses 
and layers. The conglomerate is sometimes distinctly a con
glomerate, and sometimes it appears like a cemented breccia, 
the matrix being "chalcedonic," or chemically deposited silica, 
very fine and flint-like, or hematite and silica. Sometimes the 
pebbles, or pieces of the breccia, are largely of flinty pieces of 
such silica also. In some of this are found the round.sponge-like 
concretions (1630A), but they are rather in the more distinctly 
fragmental and finer layers, above the ore itself. 

The rock of No.8 of the section No.5 (1634, also represented 
by No. 1637), is again repeated in No. 1638, in an extreme 
phase. It here shows so much coarse and rounded quartz that 
it should be called a sandstone, or a quartzyte. The green 
element supposed to have resulted, possibly, from volcanic .. 
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debris of the time, being so scant as to merely speck the broken 
surface, or to appear more abundantly in blotches. In other 
specimens the sand grains are nearly wanting and the resulting 
rock is green, soft, homogeneous, rather fine-grained, and 
referable to a volcanic tuff, being another extreme condition of 
the rock 1634. 

No.6 of the above drill section (rock 1(32) is also represented 
by rock 1640, which was obtained from an outcrop in N. W. t 
N. E. -1-, sec. 32, 60-13. It is a pinkish fine quartzyte, and an 
interesting rock, both on account of its character and its associ
ations. It weathers usually reddish or brownish. It appears 
pinkish in the drill cores, and on deep fresh fracture it is bluish 
and grayish. It is marked by the plainest sedimentary bands, 
which become evident when the rock is seen on a large scale. 
'It is essentially a quartzyte, and it lies below the iron horizon, 
i. e., the so-called iron horizon here, and is overlain also by a 
small amount of non-fragmental siliceous rock, a chalcedonic 
roc}r which grades off into the dark gray and irony layer above. 
This fine and chalcedonic belt is about 3 feet thick, but it is not 
all chalcedonic. It is sometimes made up of coarser and "frag
mental" quartz grains. No. 1640, however, is in a sense inter
mediate between the chalcedonic and the fragmental. It 
may have been derived by chemical precipitation i.n the Taconic 
ocean, for it is very fine-grained; but it has none of that curly 
agate-like banding whi.eh characterizes the "chalcedonic " 
agate-like silica. This rock runs through two or three sections 
at least, and affords some outcrops in a series of bluffs south of 
the outcropping granite range. We could not see any place 
where it lies on anything, but it seems to come close to the 
granite. In the drill it was found to overlie some of the coarser 
fragmental quartzyte, but no great thickness of it. The most 
interesting point about this is its similarity of lithology and its 
prpbable identity of stratigraphy with the Wauswaugoning and 
Pigeon Point quartzyte, indicating the equi.valence of the Pee
wabic quartzyte with the Wauswaugoning. 

There are here three conditions of quartz, each one making 
:rock masses: 

1. Agate-like and banded, so· called chalcedonic quartz, very 
fine-grained, non -fragmental. 

2. Very fine-grained, bedded, pinkish or brownish quartz, 
partly fragmental, but largely a chemical oceanic precipitate. 

3. White, coarse-grained, fragmental quartzyte, mingled not 
only with quartz chemically precipitated but with green (tu
faceous?) materials. 
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A dike oj igneous rock-

A large green dike runs S. W. and N. E. in N. W. t N. E. 1 
section 32, 60-13, and seems to have some connection with an 
irregularity detected by Mr. Wicks in the iron formation, indi
cating a fault. But it seems to play no such roule as has been 
described respecting the dikes cutting the iron-formation on 
the Gogebic range. It appears to stand about vertical but its 
width and extent longitudinally could not be made out. It 
could be traced about 10 rods. This is the first dike the writer 
has seen on the Mesabi range cutting the iron-bearing rocks. 

May 10. Returning past MaIlman's camp (mentioned in Bul
letin No. VI, pp. 135 and 202), an examination was made of the 
new working. Nothing new was developed. No more merchant
able ore has been discovered. The work cea::;ed, but is being. 
renewed by other parties. 

It seems from all that J can learn of the ore-bearing qualities 
of the eastern part of the Mesabi range, and from the results 
attained by the explorations that hqve been made by those 
owning the lands, or by their lessees, who certainly should be 
considered to be the best qualified to develop the ore deposits 
which the country might possess, that the outlook is not so 
favorable for ore in the eastern part of the range, at least in 
that portion eastward from Mesaba Station to Birch lake, as in 
the western. The ore is more likely to be magnetic, and, while 
magnetism itself cannot be said to be injurious, the _ore is so 
closely mixed with !liliceous impurities, or is so sparsely inter
leaved with the rocks of the formation; that it is not found to 
be profitable to work it. It is very likely that the presence of 
the eruptive rock in greater nearness to the ore-bearing local
ities has been a powerful cause in rendering the ore magnetic. 
The same agent has affected the associated rocks, particularly 
the quartzyte underlying the ore. 

REPUBLIC, MICHIGAN. 

In about an hour and a half a brief examination was made of 
the Republic mine. It is evident at once that the great hill of 
jasperoid hematite first encountered in going south from 1ihe 
depot of the Duluth, South Shore and Atlantic railroad, is in 
the Keewatin. It duplicates perfectly the hills and ridges at 
Tower. Granite and associated rocks, extend almost all the 
way from Humbolt, where some hornblendic rocks appear. 
The ore is micaceous, standing vertical, and is interbeded with 
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a coarse quartzyte. This last fact occurs immediately south
west from the old working shaft which is on the top of the hill 
nearest Humbolt. This coarse quartzyte is also stained green
ish by some mineral (olivine ?) disseminated through it which is 
hard, resembling quartz, but apparently distinct from the 
quartz. In this quartzyte is also hematite in glittering mica
ceous scales and patches, and a sparser amount of light-green 
softer sediment, resembling the green sediment derived from 
erosion of the Keewatin. This quartzyte extends visibly a 
couple of rods and has a width of 5 or 6 feet. It acquires a gray 
color, as the hematitic ingredients and the jaspilyte gradually 
fade out, constituting a rock which is then indistinguishable 
from some of the siliceous graywackes of the Keewatin. 

Further down along the face of the cliff, near the base, on 
the southwest side, this greissen is more visible, but it appears 
bere also as an integral part of the Keewatin formation, and 
is seen to blend with it toward the southwest both slowly and 
abruptly, but near the ore toward the northeast it becomes 
coarse and conglomeritic with large fragments of the ore. * 

On the east side of the main ridge is a large area of green
stone, but the rock is much darker and harder, and more evi
dently eruptive, than most of the Keewatin greenstone. In 
some places it approaches a hornblende schist, and in others it 
cuts, as if eruptive, through the sedimentary rock of the ridge. 

ISHPEMING, MICHIGAN, WINTHROP MINE. 

May 12, 1B92. At the Winthrop mine, which is in the hill 
range south of town in which is also the Saginaw mine, the 
rock and ure dip north about 45 degrees. The ore is hematite 
with some limonite, and is semi-soft and porous. Some of it is 
siliceous, and appears like the taconyte of the Mesabi range in 
Minnesota. I judge the mine is in the Taconic. Greenstone 
knobs appear to the north and northeast, but not in the imme
diate vicinity of the mine. A little further west, however, ap
pears a range of greenstone hills which would strike a few 
rods south of the mine. 

The Saginaw mine. 

In the sixteenth report of the Minnesota Survey the writer 
announced for the first sime a g~neral non-conformable contact 

• This is more lately referred by Van Hise and other members of the U. S. Geol. 
Survey to an overlying basal conglomerate of the "Upper Hllronian," a parallel of the 
non-conformity seen at the Saginaw mine. 
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between two iron-bearing members of the "Huronian" in the 
Michigan iron region, and illustrated the non-conformity 
by two diagrams sketched on the spot, one at Oascade, south 
from Negaunee, and one at the Saginaw mine south from Ish
peming. *' This examination was made because in Minnesota 
such a non-conformity had been discovered between two iron
bearing formations, which had been traced a. distance of over a 
hundred miles. It was thought that a similarly profound non
conformity probably existed in Michigan and Wisconsin. With
out it there could be but little progress made in any attempt at 
co· relation between the rocks on the opposite sides of the lake 
Superior basin. The discovery of evidences of this great break 
in the iron-bearing series at the typical localities in the well
known mining region of Marquette brought about a general 
concordance between the Archaaan and Taconic geology of 
Minnesota and that of Michigan and Wisconsin, and at once 
confirmed the grand conclusions which had been reached from 
a field study of the same rocks in Minnesota. 

Subsequently Prof. Van Rise, in reviewing the "Apparently 
conflicting views of lake Superior stratigraphy,"*'-* attempted 
to show that not only had this non-conformity been seen and 
recognized by several other geologists, butthat the explanation 
given by the writer was incorrect. As this is an important 
point as to the correctness and priority of this interpretation it 
will be well to review briefly the evidence adduced by Prof. Van 
Rise. 

He refers to :B~oster, and Foster and Whitney-x-**, and to T. B. 
Brookst, O. Rominger!, M. E. Wadsworth§ and R. D. Irving§§. 

An examination of thi.s literature shows the following facts: 
Mr. J. W. Foster made a reconnoissance under the direction of. 
Dr. O. T. Jackson in Sept., 1848, of "the country lying between 
lake Superior and Green bay." His report is dated Boston, 

'Sixteenth Annual Report Minnesota Geological i:l'urvey, pp 43-49, for the year 1887. 
Submitted for publication March 20, 1888. 

*. American Journal of Science, [3J, XLI, 117. 

'-'Report on the mineral lands of lake Superior. -T. W. Foster. Ex. Docs .. 1848-49, 2nd 
Series, 30th Oongress, vol. ii, no. 2, p. 161. Geology of the lake Superior land district. J. 
W. Foster and J. D. Whitney. Senate Docs ,1851, Spec. Sess. 32nd-oong"vol. iii, no. 4, pp 
23, [221,43, and 67. ' 

t Iron-bearing rocks of the Upper Peninsula of Michigan. Michigan Geological 
Survey, 1873, vol. ii, pp. 128-129, 133, 

* Upper Peninsula of Michigan. Mich. Geol. Survey, .1881, vol. iv, pp.74-75. 

§ Notes On the geology of the iron anil copper districts of lake Superior. Bull. 
Mus Oomp. Zoo!., 1880, vol. vii, pp. 30-31. 

§§ Preliminary paper on an investigation of the Archean formations of the North
weEtern states. Fifth Ann. Rept. U S. Geol. Survey, 1885, p. 193. 
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May 26, 1849. On p. 759'x, he states: "We explored this ridge 
on section 1, township 46, range 30, and found that it is com
posed for the most part of nearly pure specular oxide of iron 
(fer oligisM). It shoots up in a perpendicular cliff one hun
dred and thirteen feet in hight, so pure that it is difficult to de
termine its mineral associations. 

We passed along the base of this cliff more than a quarter of 
a mile, seeking for some gap through which we might pass and 
gain the summit .. At length after much toil, and by clambering 
from one point to another, .we succeeded. Passing along the 
brow of the cliff, forty feet, the mass was comparatively pure; 
then succeeded a bed of quartz composed of rounded grains, 
with small specks of iron disseminated, and large rounded 
masses of the same material enclosed constituting a conglome
rate. This bed was fifteen feet in thickness, and was succeeded 
again by specular iron, exposed in places to the width of one 
hundred feet, but soil and trees prevented our determining its 
width. " 

The place here described is about one mile northwest of Re
public mountain, and undoubtedly in the same general belt. 
There is here no evidence that Mr. Foster realized the signifi
cance of this conglomerate. He only says, regarding it, "con
stituting a conglomerate," without drawillg any inference. In
deed, considering the grand conclusion which Messrs. Foster 
and Whitney reached concerning the divisibility of the Azoic, 
it would hardly be a fair interpretation to suppose that he here 
knew he was at the horizon of the most profound and wide
spread non-conformity known in the region. 

The first reference to Foster and Whitney's report on the lake 
Superior land district, (p. 23, it is actually on p. 22,) is in al 
most the same terms as that quoted above, and is evidently the 
result of the same visit. Its most important variation from the 
original of Mr. Foster is the insertion after the word "conglom
era te," of the words 01' bTeccia, thus allowing the possible hy
pothesis which is more fully brought out on page 43. 

* This quotation is from that ornn·iurn gatherum of geological, mineralogical, topo
graphica]' barometrical and botanical reports usually known as Jackson's report, al
thongh in the same collection is fonud also the preliminary report. of Foster and 
Whitney, dated Nov. 5. 1849, giving lists of lands which they recommended to be 
reserved for minerals, and "Reports on the linear surveys, witb reference to mines and 
minerals in tbe nortbern peninsnla of Michigan in the years 1845 and 1846," by 
William A. Burt. Bela Hubbard, S. W. Higgins and others, under Dr. Houghton's 
contract. It was the result evidently of giving to the public printer all tile reports 
accumulated since 1844 on the region of northern Michigan, without editing, and the 
publication of the same without any attempt to give them any logical or chronologi
cal order. 
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The second reference to Foster and Whitney (p. 43), is in 
the following terms: . 'On the line between sections 29 and 32 
[T. 46, ranges 26 and 27], is a remarkable knob of conglomerate, 
alike interesting from the fact that such a form of rock is of 
rare occurrence among the Azoic series of this district, and 
from its intimate connection with the origin of the masses of 
iron in its vicinity. The conglomerate forms here an isolated, 
rounded elevation rising at least 100 feet above the general 
level. It is made up of coarse blocks of various sorts which be
long to the neighboring trappean and slaty beds, and are of 
very considerable dimensions. Among them we recognized not 
only fragments of the rock associated with the iron, but masses' 
of the iron itself, and of the banded and jaspery varieties. 
Most of the fragments of this remarkable breccia are but 
slightly rounded and worn on their edges, having in this re
spect much more the appearance of a friction-conglomerate 
than of one in which the long continued action of water had 
played a part. The blocks are cemented together by a very 
hard ferruginous paste. The nature of the surrounding coun
try, covered with soil and forest trees, prevented us from sat 
isfactorily tracing its connection with the adjoining rocks. 
We are inclined, however, to regard it as connected with the 
eruption of thp, adjacent granite, and rather as the effect of the 
crushing and elevating forces which such an elevation must 
have called into play. If this is the case it may be considered 
as analogous, in its mode of formation, to the conglomerates of 
Keweenaw point. A fact worthy of notice in this connection is, 
that, in spite of the heterogeneous structure of the mass, it ex
hibits a distinct tendency to separate or flake off in thick con
centric layers like some eruptive granites. 

The nature of the fragments composing this breccia, and of 
the cement by which they are united, proves conclusively that 
the process of formation of the ores of iron, and the impregna
tion of the slaty rocks with metallic matter, must have 
been one of long continuance and not a merely momentary 
operation. The various kinds of ore must have been in exist
ence before the formation of this mass, but they were subse
quently broken off and mingled together in confusion. Eman
ations of metallic matter must still have been issuing from 
beneath, since we find the whole deposit thoroughly impregnated 
with it, and converted into one firmly co'-:terent mass." 

The significance of this extract needs no elucidation. It is 
only necessary to call attention to its bearing on the interpre-
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tation which Prof. Van Rise seems inclined to give it. It is 
plain that such an interpretation would have been repudiated 
at once by the gentlemen responsible for the words quoted. It 
was presumed by them that they saw a breccia due to upheaval 
and crushing instead of a conglomerate marking a wide-spread 
non -conformi ty in the "Azoic." 

The third reference to Foster and Whitney (p. 67), shows the 
following: 

"The Azoic period having been one of long· continued and 
violent mechanical action there is no reason to doubt that many 
of the strata of which it is composed may have been derived 
from the ruins of previously formed rocks of the same age, 
both sedimentary and igneoul'>. This is clearly shown to be the 
case in the remarkable knob of conglomerate described on page 
43 [quoted above], which contains rounded fragments of the 
various kinds of ore found in the adj acen t region." 

This description refers to the same occurrence as that last 
noted, and sImply repeats the supposed effect of local disturb
ances and destruction of some of the earlier formed rocks 0 f 

the same age. It would be very far from the truth to suppose 
that Messrs. Foster and Whitney here suggested a possible 
plane of separation between two parts of the Azoic, for it was 
one of their final conclusions that the Azoic could not besubdi
vided on any chronological or petrographical basis into' recog
nizable and widespread members. 

The first reference to T. B. Brooks (in vol. i, instead of vot 
ii) shows the following: 

"The upper quartzyte at Republic mountain is a gray mas
sive rock, sometimes banded, and, near the contact with the 
iron, sometimes conglomeritic, containing large and small 
flattened fragments of flaggy ore." 

The second statement of Brooks referred to is: 
"Overlying the ore formation here [Saginaw and New Eng

land mines], is the upper quartzyte, XIV, dipping at a low 
angle to the north, as may be seen just north of the Parsons 
mine. This quartzyte again comes to the surface about half a 
mile north, in a flat synclinal where it again dips north and does 
not rise until we reach the new Excelsior mine, owned by the 
Iron. Cliff Co., which is shown on the section. 

"Returning to the New England mine we find between the 
ore XII, and the quartzyte XIV, a mass of specular conglom
erate, somewhat similar to that described as exiRting at the 
Republic mountain, where it was regarded as belonging to the 
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ore formation. rfhe fact that it overlies the pure ore at this 
locality, and has lithological affinities with some of the con
glomeritic varieties of the upper quartzyte, leads me to doubt 
in which formation it should be included. I incline to the view 
that belongs tb XIV." 

There is no indication in this that Mr. Brooks thought he 
here was at a separation plane of great importance. Indeed 
his doubt as to whether the "conglomerate belonged with the ore 
or with the quartzyte shows that it was not a question, in his 
mind, of moment. The word "formation" here was simply the 
general word used to designate one of the twenty parts into 
which the Huronian was divided by him. 

The reference to Dr. Rominger's report shows that he like
wise encountered this "brecciated" condition of the basal por
tion of the quartzyte, and also that he comes:nearest. of any 
writer, up to that date, in comprehending its import. 

" A very rich seam of ore is almost invariably found on top. 
of this jasper-banded rock-series, immediately beneath the 
quartzytes which form the terminal strata in all these ex
posures. This upper ore belt is almost regularly brecciated 
in its upper part, and the same is true of the lower quartzyte 
beds, which often are a mixture of ore-fragments with quartzyte 
pieces held together by an arenaceous cement. As this is the 
case in nearly all the mines oj the district, 1ue m7tst 8Uggest that dis
t7lTbances oj not only [i. e. not merely] a lowl extent must have oc
cun'eel at the end oj this eTa oj 'iron sedirnents." 

It is evident, however, not alone from the above statement, 
but from many references to the probable cause of these irregu
larities which are scattered through Dr. Rominger's report, 
that he entertained a view similar to that of Messrs. Foster and 
Whitney. Eruptive action of igneous rocks, in his opinion, was 
solely responsible for these breccias and plications. So far 
was he from making a profound stratigraphic separation of the 
rocks of the Marquette district at the base of this conglomerate, 
as one might suppose from the fact that he is quoted by Prof. 
Van Hise, he entirely ignored it, and extended his iron group 
upward so as to include it, thus separating it wholly from the 
quartzyte with which it belongs and of which it pre~ents simply 
the initial phase. It was after the writer had discovered such 
phenomena as proved the duplicate nature of the iron-ore 
formation in Minnesota that he studied carefully the report of 
Dr. Rominger, and he referred to his (Rominger's) report to 
call attention to facts in the Marquette district which, when 
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properly interpreted, bore out his general interpretation of the 
rocks of the lake Superior basin, and showed that there also 
there were two non-conformable iron-bearing formations, and 
that there were two iron hm'izons in.sterul oj one, and that they 

.could be stratigraphically distinguished if time should be 
given, by a competent geologist, to work it out·x-. 

Prof. Van IIiee's quotation from Dr. Wadsworth is as follows: 
"These [i. e. quartzytes and coarse fragmentalsJ of courS'e 

mark old beaches water-worn after the jasper and ore were 
in situ in nearly their present condition, and, if the logic of the 
geologists of the Michigan and Wisconsin surveys were carried 
out, these unconformable detrital formations would mark a new 
geological age." 

When it is remembered that the chief result of Dr. Wads
worth's effort was to prove the jaspilyte had an eruptive origin, 
and thus to controvert the "logic" of the Michigan and Wiscon
sin geologists, and that he attributes such appearances to the 
intrusion of the ore and jasper (jaspilyte) through the sur· 
rounding rocks, and the later protrusion of the granite (i. e. 
the greisen or modified quartzyte as at Republic Mountain) 
through the jaspilyte and earlier rocks, no one should have the 
hardihood to quote him as authority for the structural break 
that is here considered. That he saw, as others did, the rocks 
exhibiting these structures, is of no import so long as he did 
not assign the structures to their proper cause. Again, the 
writer has never, as yet, encountered a statement of the' 'logic" 
to which Dr. Wadsworth refers, applied to this horizon in the 
iron regions of Michigan and Wisconsin, prior to the date of 
Wadsworth's paper. Logic of that kind applied to this impo.r
tant horizon would have constituted one of the brighte'st spots in 
the able reports of the geologists of Wisconsin and Michigan, 
and would ere this have attracted much attention. . 

As to Prof. Irving, Prof. Van Hise makes the following re
markable statement: 

"The real significance of the break was recognized by Prof. 
Irving, who' not only found it in the Marquette district but 
knew of its equivalent in the Vermilion lake district of 
Minnesota. " 

For authority for this statement he quotes the following 
from Prof. Irving's paper on a "Preliminary investigation of 

*GeoL and Nat. Rist. Survey of Minn 17th aunual report, for the year 1888, pp. 43-H 

7G 
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the Archean formations of the Northwestern States," in the 
Fifth Annual Report of the United States Geological Survey, 
published in 1885, p. 193. 

"I refer to the occurrence in the quartzytes overlying the 
ores, at several of the Marquette mines, of abundant rounded. 
fragments derived from the ore below. A very much more strik
ing occurrence of this kind is met with in the Vermilion lake 
district of Minnesota where tho fragments included in the con
glomerate overlying the iron belt are often several feet in length 
and angular. That these fragments prove the existence of the 
jaspery and chalcedonic material in its present condition before 
the formation of the quartzyte is sufficiently evident." 

Far be it from the writer to attempt to detract from the 
brilliant halo that surrounds justly the name of Irving. Far 
be it also from the writer to put words and sentiments upon 
his pen which do not belong there. Justice is keen-eyed, and 
will allow no more favors to a deceased geologist than she 
would to him when living. That is all that Prof. Irving would 
ask of his successors, and that is no leilS than his successors 
are bound to yield to his work. It is found sometimes that it 
is an injustice to attribute opinions to a geologist which he 
does not entertain, and which he may never have expressed. 
It appears to the writer that Prof. Van Hise is liable to a 
charge of such injustice toward Irving, not to mention others. 

There is a speciousness in the manner of presenting Prof. 
Irving's statement which can only be made apparent by a 
slight consideration of the subject. It will be found, on con
sulting the fifth report of the U. S. Geological Survey, page 
193, and some :of his later papers, that three very important 
facts are suppressed by Prof. Van Hise. which bear directly on 
the understanding that should be entertained of Prof. Irving's 
statement, viz.: 

1. Irving does not give the facts on his own authority, but 
on the authority of Dr. Wadsworth. He says: 

"Wadsworth has drawn attention to a very interesting oc
currence at numbers of points in the Marquette region, and has 
mad~ use of it to sustain his theory of the eruptive origin of. the 
jaspery ores. I refer to the occurrence in the quartzyte" etc., 
as quoted above. 

2. Irving is not discussing the stratigraphy in thi!3 connec
tion, nor any question connected with the stratigraphy of the 
rocks of the region, but the origin of the cherts and the ores. 
His desire is to bring out the faut, which is a very important 
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one, that the ore was completed in Us construction and composition 
during the time of the formation in which it is found, and that, 
inferentially, there has been no progressive accumulation or 
concentration of the ores, at least on a grand scale, in subse
quent time. 

3. Prof. Irving did not look upon this as a break, or non
conformity in the stratification, either at this time or subse
quently. This is evident from the fact that he puts into his 
upper, or "iron bearing member" all the strata here concerned, 
viz., thequartzyte, the conglomerate, the iron ore and the green 
schist. His plane of separation was largely a theoretical one, 
derived from a consideration of the difference in crystalline 
condition manifested by the two ends of the series. The upper 
one he found to be evidently clastic, and but little crystalline, 
the lowep he found wholly crystalline. The separation was by 
him put between these distinctions, and he placed it theoreti
cally abo\1"e the crystalline schists and the Laurentian. In no 
place does he refer to this plane of non-conformity with the 
proper understanding of it. He refers to the contact of the 
"quartztye" "!lpon the Laurentian, but he then, in all cases sup
poses he is considering a q uartzyte underlying all the ore, and 
(if he mentions it) also the green schists. His plane of non
conformity would apparently be that which Dr. WadRworth has 
more lately reported to occur between his Cascade and Republic 
formations, where he describes a conglomerate like that which 
exists at the plane under consideration. * This lower break also 
has been noted by Van Hise in the same paper here criticised 
p. 117). It is a curious fact, however, that while Irving theo-

retically referred to this lower break, all his cited examples 
belong to the upper, and that he failed to give significance to 
it at the horizon to which his examples pertain. Of this error 
Dr. Wadsworth has said: 

"While Irving was correct [though at a later date than the 
writing of this paper quoted by Prof. Van Rise-N. H. W.] in 
the observation of the conglomerates, he was wrong in his 
views of their position in the geological column, and thus 
actually overturned the series. This mistake of Irving's exer
cised a powerful influence upon his work and upon his views 
concerning the origin of the iron ores and the jaspilyte. 

" It is very unfortunate and confusing in the history of geo
logical opinion concerning these basement conglomerates, that 

*Report of the Michigan State Board of Geological Survey for the years 1891 and 
1892, (1893), pp. 114.116. 
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Van Hise has overlooked this mistake of Irving's, and speaks 
as if Irving had the same views as himself. i. e. that the con. 
glomerates overlie the lower series of iron.bearing rocks. when 
Irving clearly and distinctly held that these conglomerates 

.were at the base of all the iron-bearing rocks." Op. cit.,p. 114. 
It is plain, therefore, that Prof. Irving did not "recognize the 

significance of this break," as claimed by Prof. Van Hise. It 
is also plain that no one understood it prior to the interpreta
tion put on it by the writer in the 16th annual report of the 
Minnesota survey, pp. 43-47, 1887. Instead of admitting t:\lis 
priority, Prof. Van Hise diverts the reader by inconsequential 
criticisms of some of the details of the illustration accompany
ing the description. 

It is not necessary here to enter into the question of the ex
istence, or not, of such a break in the Vermil'ion lake district. 
It is only necessary to repeat that in Prof. Irving's reference 
to that region, in this connection, he does not "intimate that 
there is any such break. He only refers to evidence which he 
had seen there that shows the iron ore was fully formed prior 
to a fracturing which it suffered. The large pie.ces "several 
feet in di~meter" evidently were parts of a remarkable breccia 
which has since been examined in the region north of Soudan. 
No data were given by Irving to 'show where his observation 
was made, but as the members of the Minnesota survey have 
not been able to find any conglomerate holding such pieces, but 
only coarse breccias (reibungs breccias) which could not at all 
answer to the brief description given by Irving, it is sufficient to 
say that probably the feature seen by him at Tower, should not 
be considered as pertaining to the horizon of the conglomerate 
now known at Marquette. 

:Y ' 

,.,~ :t.r .. O,. ... t"s· 

Fro. 1.-Section N. and S., at the western opening of the Saginaw mine. 
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The re·exami.nation of the Saginaw mine resulted (in May, 
1892) in no material correction of the views presented in the 
16th Minnesota report already referred to. At the western 
opening, which is nearest the Goodrich mine, the stratigraphic 
relations were sketched carefully, as shown in the figure oppo
site (Fig. 1). 

At this pit the later iron- bearing strata lie non-conformably 
upop the older. The jaspilyte is seen to fade out into the green 

schist. The overly- ,.~>.:' - ,:t---;I. -.-' ::A' .:p-~. ( \"<)(I'.~}() 
, • 0 f~. W"'.... Q ,.'0. ~.4" II 

ing conglomerate is &: .... .,..1'1\ ...• : ", " •• y ....... : : "tJ(/.' .; " 

coarse with water- o:"o~'1" \; !(;-:<:.-.:r'~·'··t .I' :",lr:' '.,'. i" 
d . . 9~'·;:; • /.;-. .,_0_1:1 ~'I) tI "'il.'" . /1' wornquartzan Jas- '."/' •• " .... '1'" • • ./l •••.• ; •. ~r, 

pilyte pebbles, and 0 .' • " ' •. 0.' or .~, • :)' ',' • &' .' i 
,',' \. e, 9 'J' ~ • 0 I' (/ l i.c . Jf.~ .'!), I ... :. 

with much iron. It _ .. '.";:- •.. ',) ;1; ~ /;" , ..... ,'. 

is simply the basal c':;)::::':' ... ~':~!h;::::P:~~ .<:,~{.: :~/ 
conglomerate of the • '->p 'A' ,-/. '>'0 <; -:.,r"" : t : p. ,'.,~ i 
T . ff d b .I:.O{ :.': " .:.= ,p",~:' j .. " ':J i ·.J-~·I· aconlC a ecte y, "J ... • .'., ~ '... tJ ", • '.'" , . 't ,/' . ',;.. <;J"'} '. '.. • t: prOXl'ml'ty to the J'as .., ! t r- I~.": f ,.. JJ. (I 9 .. ~, ~ 

pilyte beds of the J-:'.' I'·..J." .. J';~:, ;l' ',:" ';/ 
- "":~"I' I).'.: :J~'. '/d .:/ ....... / .. .... 

"." ,,;,1. j /.,.r ' J. ');.1 "/. 
Keewatin, The slop- ,o. :::-> . .a :j ;'f'~', 'I:~ "'. ..:;:::.-' 

h '., • ... t:..I. '3'9'" ~ ing s afts are run --:.f"'- './:. ~ %': 
mainly in the green - ~{v~:. ~ 'l;P" . flff' ~ 

'7.-' _~<l. ~~ ... A ~ 
stone, below the con- ,::1:.~'!: r< ~ ~,.,o . if?:~ 
glomerate, but the . !,o"rS'fO ~ 
ore worked is asso 0""(/ ~ 
ciated with the Tao ~(r"l'rJt>{J, ._~~ 
conic conglomerate. ~ 
The exact contact of 
the conglomerate on 
the greenstone is in-_. 
distinct, as it is often ,~' 
on granite, but the 
dip, structure and 
lithology c han g e 
within the space of 
six or twelve inches. 
The fragmental iron 
here worked was in 
the Taconic, very 
different from that 
at Republic, though 
the ore from the two 
is essentially the V> 

The eastern FIG 2.-Section N. and S., at the eastern opening of the same. . Saginaw mine. 
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opening of the Saginaw mine is that examined and figured by 
the writer in the Sixteenth Minnesota report. Here the con
glomerate lies also non-conformable on the Keewatin, and the 
latter consists partly of greenstone and partly of a poor hema· 
tite-an ore that is siliceous and grayish, rarely banded like 
the jaspilyte of the formation-yet distinctly Keewatin, al
though hardly an ore of any merchantable quality. At this 
particular point there is an inclination northward in the Kee
watin jaspilyte, and that is the ore formation represented in 
the figure in the sixteenth report as unconformably under the 
conglomerate. The two approximate the same dip, though 
they do not have the same. The figure is here repeated. It 
needs no correction (Fig. 2). 

It is apparent that the criticism of Prof. Van Hise is wholly 
gratuitous and misapplied. These figures are produced from 
sketches at the Saginaw mine, while he assigns them (at least 
the latter) to the Goodrich mine, of which he gives a diagram*. 

At the Goodrich mine the following diagram was drawn, 
which is quite different from that shown by Prof. Van Hise, 
from the same mine. This was made at a point some distance 
east of the large open pit, and on higher ground. It is evident 
that the direction of structure in the jaspilyte bands is contin
ually changing, and that it is a character of no imp~rtance, 
whether they are nearly parallel or nearly perpendicular to 
the bedding of the conglomerate. The jaspilyte here is nearly 
perpendicular, twisted, but in the main running about east and 

FIG. 3.-Section at the Goodrich mine. 

west. On the very summit of this ridge is a bared spot which 
fortunately shows the exact contact of the conglomerate, 
mostly made up of fragments from the jaspilyte, upon the jas
pilyte itself. This line of contact is traceable, on the top of 

*American JonI'. Sci. (3), XLI, 120. 
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the knob, for a distance of 25 feet. This is along the south 
side of the main pit, but. north of another pit and deep working 
which has really been done in the Keewatin. Here, then, we 
have both formations iron·bearing and both considerably 
wrought. The shaft and working in the base of the Taconic 
slopes north about coincident with the dip of the conglomerate, 
and is quite regular, compared with the crooked shaft and un· 
derground working in the Keewatin which resembles the early 
Breitung mine at Tower. The ore from the conglomerate is 
hard and specular, and, as ore, is good, but it embraces pebbles 
of quartz and jasper, and is too poor for that reason. Still 
there is no doubt that much good are was taken out here both 
from the Keewatin and .from the Taconic. 

This conglomerate becomes a well characterized white or 
reddish fragmental quartzyte at points remote from the outcrops 
of the Keewatin hematite. These observations are very im
portant, and show, as I have before contended, that there are 
two non-conformable iron formations even in the original Mar
quette region. The Taconic ore here is wholly of fragmental 
secondary origin,i. e., it is derived bodily, in form of detritus, 
from the underlying Keewatin, and there is no possibility of 
applying to it any substitution hypothesis to account for its 
origin here. The soft ore horizon of the Gogebic and Mesabi 
ranges is entirely above this conglomerate. 

THE POTSDAM SANDSTONE AT POTSDAM, N. Y. 

An excursion was made, in company with Dr. U. S. Grant 
and Mr. Charles Schuchert, into the region of the northern 
slopes of the Adirondacks. It is a singular fact that this 
region, in which centers the discussion of one of the perplex-

. ing problems of Paleozoic geology in the United States, has 
been substantially unexamined since the early work of Em
mons and Mather, and that the uncertainty as to the age of the 
true Potsdam sandstone has rather increased as time has 
passed. This has resulted from the error which was made by 
all the early geologists who dealt with the "Potsdam sand
stone," in applying that term to sandstones which, strati
graphically, are widely separated from each other, and to the 

. difficulty of determining to which of these horizons the true 
Potsdam belongs. It was hoped that an examination at a few 
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points would tend to solve the uncertainty*. The following 
notes were made. 

Approaching the region from the northwest it was noticed 
that the country between Pembroke and Carlton Junction 
(Canada), as well as much of that south to Brockville, has 
been long submerged. The surface consists of a fine lamina
ted, gray clay, sometimes seen 15 feet thick, without boulders 
or stones, and makes fine farms. 

Sandstone. At Brockville is a hard, nearly white quartzyte. 
The same rock appears in islands in the St. Lawrence river, 
and along the shore at Morristown, where it is used, at the 
docks, for crib-filling. At the last place it is partially red, or 
reddish, bedded, weathering, at the river bank, into layers 
from two to four inches thick. From four to six feet in a per
pendicular section are exposed at the dock. Between Morris
town and Philadelphia this rock is seen much of the way. It 
is considerably quarried at several places, rising into hills and 
ridges from 20 to 50 feet high. Erosion gorges are cut in it to 
some extent, and these hills and ridges are the remnants lAft by 
such erosion. It appears to underlie some of the flat areas, but a 
few inches or feet below the surface, in a nearly horizolltal po
sition, and in other places it, is tnted in one direction or the 
other, forming undulations. When broken, as in frequent 
anticlines, the strike IS boldly presented. In the railroad 
grade cuts this rock is angular, sharp, rigid, much jointe.d. 
Along with these quartzyte exposures are also ridges of gran
ite, especially toward Morristown. Indeed the road seems' to 
cut through a granite area for many miles soon after leaving 
that town. The granite is reddish, both coarse and fine, and 
from the train could not, in some cases, be distinguished from 

* Sinee this visit, which was made in May, 1891, two geologists of New York have 
made examinations in some of the northern portions of tho Adirondacks. 'and their 
preliminary reports are published in the Transactions of the New York Academy of 
Sciences, Vol. XII, 1893, "A Geological Reconnoissance in the vicinity of Gouver
neur, N. Y." C. H. S~nTH, JR.; ,. A review of work hitherto done on the Geology of 
the Adirondacks." J. F. KEMP. The latter gives a summaryof the scant llterature 
pertaining t,Q this region prior to 1892, thus concluding: "In summing up the geology 
of the Adirondacks it may be stated that tbe following views relative to the strati
graphy of the crystalline rocks have been held: 

r. It has been usually believed that the gneisses are the oldest and are metamor
pbosed sediments; that the norytes are later, some regarding them as igneous and 
others as metamorphosed sediments; that the limestones are latest of all. 

If this be admitted and the norytes be regarded as igneons intrnslons, how is it 
that no dykes or apophyses have been mentioned as radiating or offsetting from this 
enornlOUS mass? 

II. Thatthere is a core of central and oldest noryte, having later gneiss as a meta- . 
morpbosed sediment ou its flanks. and still later limestones on both noryte and 
gneiss. " 
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the red quartzyte. A conspicuous hill range, rising two hun
dred feet, more or less, extends for many miles parallel with 
the railroad, southwardly, beginning a few miles from Morris
town. Its form and persistence, and its rather uniform hight, 
seem to indicate that it marks the strike of some of the quartz
yte, although by the railroad the only rock seen was granite. 

At Philadelphia the underlying rock is granite. It is ex
posed at numerous places in the village, and especially along 
the course of Indian river. The rock weathers reddish but 
within it is a dark gray, assuming a purplish tint. 

The Potsdam quarries are on the Racket river about three 
miles east-southeast from Potsdam. Some of them have been 
worked for sixty years. At Olarkson's quarry the rock is light 
red or pink. It dips west mainly, .at an angle of 30 deg., but 
on account of false bedding some of it dips more and some less, 
one large layer lying about horizontal. At Merritt and Tap
pan's quarry, which is on the river half a mile southwest from 
Olarkson's, we come to a deep and old quarry, formerly known 
as Oox's quarry, one that was running probably when Emmons 
visited the region. The rock here is similar to that at Clark
son's, but is marked by conspicuous color bands of light pink 
and brownish red, coincident with the stratification. These 
give the large slabs, on their broken edges, a bizarre appear
ance. In general the rock between here and Olarkson's quallry 
should underlie this. It is darker colored. But at this quarry 
there is a synclinal structure, and the quarrying ha~,gone down 
in the trough of the syncline, to the depth of 30 or 40 feet be
low the surface of the river. The dip on one side is about 25 
deg. S., and on the other it is about 15 deg. N. We saw at 
Potsdam a great variety of the sandstone quarried at Ham
mond, which is in the extreme western part of St. Lawrence 
county, southwest from Morristown. While it is all rather 
softer than any quarried at Potsdam, and nearly all of it white, 
or nearly white, like the St. Oroix sandstone in Minnesota, and 
especially like the white (or nearly white) sandstone seen at 
Morristown, &c., yet there are some slabs nearly as uniformly 
red as the Potsdam rock, and some that are spotted in the man
ner of the sandstone at the falls o~ the St. Mary's river, at the 
east end of lake Superior. 

At about a mile and a half below Potsdam, at the river'S bank, 
just above the saw-mill, is a gray to white sandrock which 
presents an irregular surface exposure. It has been quarried 
to a small extent. It is mainly horizontal, and its upper layers 
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or its upper surface, at least, is roughened by remnants of 
fucoidal marks, and rusted by, apparently, rotted patches of 
calcareous rock, or pyrites. The total surface exposure is only 
about two feet, and the rusty disintegration is about three inches 
thick. This rock looks more like the Brockville and Morris
town rock. 

Three and a half miles east of Malone is Paddock's quarry, 
in a coarse, light-colored sandstone. which makes good, but 
rather fragile, flagging, worked but feebly. The rock-grain 
and color are quite different from the Potsdam sandstone, yet 
there is a light reddish tint apparent in most of it, as well as 
in spots. This color is deepened in shade in a manner similar 
to the Sault Ste. Marie sandstone, but in general is lighter than 
that. It is affected by false bedding in a rather remarkable 
manner. In this respect it is like the Potsdam sandstone at 
Merritt & Tappan's. The following sketch is designed to show 
the false bedding. The flags are rigid though only It or 2 

-= Hicl 

- H,d. 

FIG. 4.-False beddiug at Paddock's quarry. 

inches in thickness, i. e. more rigid than such coarse sand-rock 
can usually be. The grains of quartz are not entirely com
pacted by cement, but there are vacant interstices. It would 
appear, from the false bedding, that this sediment was laid 
down in a very turbulent ocean, and one that was constantly 
cutting up and re-distributing the sediment previously ar
ranged, but that quieter water followed the turbulence. The 
same rock has a slight exposure near the depot at Malone. 
While these strata are probably later than the strata at Pots
dam, it is impossible to affirm that they do not belong to the 
same general age. 

At Keeseville, N. Y., can be seen a conspicuous white sand
stone, or quartzyte. The chasm of the Au Sable cut in this 
rock is narrow and in some places quite crooked. The river 
follows apparently a-fissure or a series of fissures in the quartz
yte which is also otherwise fiesured and faulted, causing local 
dipping in different directions, and breccias at the fault lines. 

. '. 
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Below the foot of the stairway one can walk for a considerable 
distance down the chasm, following a natural platform on the 
right side of the river. The rock shows various local changes 
in dip, making sometimes an apparent non-conformity between 
two formations. One such, which is the most remarkable, is 
at "the elbow," where the river first turns at a right angle. 
There is an appearance here of an upper sandstone formation 
unconformable on a lower. This idea is not weakened any by 
the obvious contrast in the lithology, the lower one (which 
forms the platform along which one walks on the right side) 
being very hard, finer-grained and redder than the upper, and 
polished by the friction of the water when the river runs over 
it. This polishing was noted by Emmons. At first I took this 
for a plane of non-conformity, but similar irregularities occur 
further down, some of them being in the supposed upper por
tion. Through a part of the distance down to the narrow place 
where no one can pass, the beds dip from the chasm in opposite, 
or partly opposite, directions, the left-hand cliff having fallen 
away from the rocks on the right hand, the river lying in the 
fissure. The strata on the left hand side, at and below the first 
elbow, dip conspicuously into the left ban7c. At another narrow 
spot,. where another elbow occurs, in the opposite direction, 
the cause of the location of the river is seen. Just where the 
river turns the breccia-plane, which it occupies between the 
two elbows, is seen in the angle of the right bank, continuing 
on across the formation in the same direction, but it is blocked 
up and filled with the remaining rock, the cliff on the left-hand 
side there overhangIng the breccia plane, falling on it and 
tightening it so as to keep the passage closed. Under such an 
obstruction the river, in some earlier portion of its history, had 
to leave the course of the fault and turn to the left, though 
here it also occupies another fault plane which crosses the for
mer nearly at a right angle. Below this last turn the chasm 
continues, with still water, while above it the river runs with a 
rushing and noisy current. 

At Hanawa falls, near Potsdam, a perpendicular section ex
posing about 30 feet appears below the falls. The right bank 
here seems to have two brecciated or fault planes, the strata 
lying about as shown by the diagram on page 104. 

The gneiss and marble. At the rapids in the Racket river at 
Potsdam, is a peculiar gneiss, consisting almost entirely of 
quartz. The grain is fine and uniform in size and has a sub
rounded outline surface, and bands of varying composition 
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cross the rock surface. This banding is emphasized by greater 
accumulation of lichens on some than on. others. The most 
lichenous bands are red within, when freshly fractured, and the 
intermediate layers are lighter, but seem to have some specks 
of chloritic substance. In some places this gneiss becomes 
mica schist, which is visible in the city. It is cut by ancient 
dikes of a basic rock, probably originally a diabase. which 
have also been subjected to some metamorphism. The dip 
cannot be made out. 

We made an excursion westward from Potsdam to a locality 
known as Crary's mill, situated about seven miles from Pots
dam. At five and a half miles the road crossed 'a creek, where 
at the north side of the road, appears a gneissic rock contain· 
ing lenses of coarsely crystalline white marble. The marble 
also embraces pebbles and angular pieces of rock which is now 
micaceous and quartzose. Some of these siliceous pieces are 
banded with sedimentary structure. 

FIG. 5.-The east bluff at. Hanawa f"lls. 

At Crary's mill similar gneiss appears at the dam dipping, 
like the last mentioned. W. N. W. about 20 degrees. There is 
also here a large amount of marble which is used extensively 
for economic purposes, principally for quicklime. The gneiss 
toward the east, by the dip, must pass below the marble, which 
forms an extensive belt, and is traceable for several miles across 
the country southward. The marble is conglomeritic (but the 
most of it is free from pebbles), massive, colored by bands of 
sedimentation all dipping uniformly W. N. W. It is said to 
maintain this dip for six or eight miles toward the south. It 
appears again at the iron location of Capt. Wood, about five 
miles south from Crary's mill. Here the marble is associated 
with some verde antique and serpentine. Occasionally are seen 
fine alternations of red jasper and hematite in paper-thin films. 
but these are about the exterior portions of the iron masses, and 
of later origin, having no bearing on the method of origin of the 
ore itself. The iron is bright, pure, specular hematite, in 



STATE GEOLOGIS~: 105 

lenticular masses in the marble. If there be no irregularities 
in structure, or faults, this marble must lie below a vast thick
ness of gneiss, for in reaching this locality we passed, for nearly 
three miles-indeed all the way from Crary's mill-almost per
pendicular to the strike, the dip being from 15 to 00 degrees 
all the way W. N. W. or N. However there may be a succes
sion of faults, causing a reduplication of the same section. 
The working is small, and is abandoned, apparently from lack 
of a sufficient supply of ore. The dip of the marble cannot be 
made out, as the whole exposure is confused and rotted; but 
immediately north of the most northern pits is a range of 
gneiss dipping N. E. 

At an iron exploration situated a quarter of a mile from the 
river, about four mnes E. S. E. from Potsdam, the rock shafted 
is a conglomerate which, from the geographical position, is 
probably the bottom portion of the Potsdam sandstone. In 
association with this conglomerate is some red hematite, rather 
soft, but yet firm, as an ore, and apparently of fragmental 
orlgm. Below this conglomerate the exploration was continued 
by diamond drill about 50 feet, and the cores brought out, some 
of which still lie about the drilled hole, disclosed a serpentinous 
marble comparable with that seen at Capt. Wood's. The drill 
happened to strike no hematite in this distance, but, from the 
existence of the fragmental hematite in the conglomerate, and 
the existence of hematite in the marble, as at Capt. Wood's, it 
may be presumed that in the near vicinity is a deposit of hema
tite in the older formation from which these fragments were 
derived. In the immediate vicinity of such original deposits of 
ore, the conglomerate would naturally contain much fragmental 
ore, and when the conglomerate lacks such element it may be 
inferred there are no near sources from which it could be sup-
plied. . 

Di'. U. S. Grant made a special trip to Gouverneur, and the 
following is the substance of his notes: At four miles from 
Potsdam, on the southeast side of the railroad track, is an out
crop which has an evenly rounded, apparently glaciated, form; 
it has the appearance of being granite, or gneiss similar to that 
southward from Crary's mills. No other rock outcrop was seen 
along the track between Potsdam and Canton. But immedi
ately southwest from Canton, much rock exposure occurs at 
the crossing of the stream, and thence all the way to DeKalb. 
Almost all these exposures are rounded glaciated domes. In 
some instances a parallel arrangement of lighter and darker 
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bands could be distinguished in this rock from the train. The 
dip is about 35° northward, with a strike about N. 75° E. 
At several shallow cuts made in this rock it could be distin
guished as gneiss of the same character as that seen south from 
Crary's mill. From De Kalb to Richmond are many outcrops. 
From Richland to Gouverneur are others that seemed to be of 
marble. 

At Gouverneur, three-fourths of a mile southwest of the 
town, just on the south. side of the railroad, are three large 
quarries in marble. This rock is of a general gray color and 
coarse grain, and rather indistinctly striped wtth white and 
gray irregular bands. Some of these bands are wide, so as to 
include much of the rock in some instances. This irregular 
banding is presumed to be parallel with the original sedimen
tation. It is the only structure shown in the rock,-not even 
are there any distinct jointage planes. The rock is very 
massive. It does not split any easier in the direction of these 
bands than across them. The dip is 30° N. The foreman at 
one of these quarries furnished the following information: "In 
this vicinity, especially farther southwest, and near the railroad, 
are several other quarries, all in the same kind of marble. The 
general dip is 35° to 45° toward the north, but at one quarry 
the rock stands vertical, with an E. and W. strike. The gneiss 
is found several miles N: and N. E. of Gouverneur, and also 
near Wood's quarry which is in marble, near the railroad, and 
three miles southwest of town. Here the gneiss and marble 
come quite near to one another, the gneiss being found a short 
distance south and southeast of the marble and dipping N. as 
does also the marble. There are three or four iron mines in the 
vicinity of Keene's, about 7 miles S. W. from Gouverneur, some 
of which are now shipping ore. They can all be reached in a 
few minutes walk 'from Keene's. The ore is generally a soft 
red hematite, but with some blocks of hard hematite. The ore 
is not in the marble, nor in the gneiss, but in a hard sandrock 
which is distinct from both." From the description of the ore 
it was understood by Dr. Grant that it is similar to that seen 
by him between Richland and De Kalb, as described below. 

About half a mile' from Richland station, northeastward, the 
railroad passes near several outcrops. One of these is of a 
hard siliceous rock holding some softer mineral. It is narrowly 
and conspicuously banded. some of the bands not being over! 
inch across. The most of the bands are of quartz, and appear 
like bands of vitreous quartzyte, Between these are smaller 
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bands of quartz mixed with more or less of a rather soft green-
ish to whitish mineral. looking like talc,but too hard for talc. 
This banding appears very sharply on weathered surfaces. 
Aside from this banding there are no remains of clastic struct
ure in the rock, which.is holocrystalline. The rock has been 
bent and twisted considerably, but the average or resultant di
rection of the banding is about N. 20° E., and the dip is from 
v~\rtical to 70° towards N. 70° W. 

A short distance further, on the east side of the track, is a 
ridge of gray, coarse grained marble, in which are streaks of 
quartz rock like the last. The strike is also N. and the dip is 
about 60° W. At some distance still further the quartz rock 

• above described appears again. Here the strike and dip could 
not be determined. 

About two miles from Richland is a low cut in coarse gray 
marble, having bands of the quartz rock in it. Strike aboutN. 
and S.; dip about 80° E. A few rods further, on the W. side of 
the track is an exposure apparently the same as the last. The 
dip is plainly seen about 45° W. N. W.; and a little further a 
gneiss, similar to that seen south from Crary's mill, is seen 
dipping N. W. about 45°. 

At three 'miles and a half from Richland is a cut in the 
marble and quartz rock. Dip not clearly seen except in one 
place, where it is N. N. W., about 30°. Less than 100 yards fur
ther N. E., is another cut, some 200 feet long, through a ~and
stone. This sandstone is of rather fine grain, more or less 
friable, and usually red in color, due to large amounts of hema
tite disseminated through it. In a few places this rock is not 
charg~d with . hematite. It is then more firm. and of a yellow 
color, but this is in comparatively small amount. The two 
qualities grade into each other.· The lower part of the sand
stone contains rounded pebbles and angular fragments of mar
ble and quartz of all sizes up to one foot in diameter. Just be
low this conglomerate is a gray, coarse-grained marble with an 
irregular upper surface (see figs. 6 and 7). In only one place 
could the dip of the marble be observed. This was at the north 
end of the cut, and was S. about 45°. The sandstone is broken 
into parallel layers which lie nearly horizontal, but in some 
places are tipped 10° to 15° in various directions. In two 
places a lamination was noted in this sandrock, running parallel 
with the layers, about horizontal. The lower part of the sand
stone is often very compact, and apparently cemented by 
calcite. It has veins and pebbles of red jasper. The sandstone 
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grades into a soft red hematite, which appears like a good ore. 
The upper surface of the marble is fissured in places, and the 
hematitic material of the sandstone extends down into these 
fissures (fig. 7). Further toward De Kalb are severa1'other 
low outcrops of similar gray marble. 

FIGs. 6 AND 7.-Sectlons 3\,. miles N. E. from Richland. 

About one-fourth mile south of the station at De Kalb is a 
rounded dome of compact slliceous gneiss, mottled with red. 
The gneissic structure is not always present. The only dip 
shown is that of this gneissic structure, but in general the out
crop appears very m~ssive. 

From these observations Dr. Grant remarked that the im
pression left on his mind was to the effect that all the gneiss, 
quartz rock and marble belong' to one and the same formation, 
though of uncertain age. It is the oldest formation seen in the 
vicinity of Potsdam. The marble is included in the gneiss and 
has gneiss both above and below it. The general strike of this 
formation is about E. and W. with a northerly dip of 35 deg. to 
60 deg.; but there are some sudden changes both in strike and 
dip. 

The sandstone seen between Richland and De Kalb is a much 
newer terrane, has been but slightly disturbed, lies on the 
edges of the gneiss and marble, and received debris from both 
in a crystalline condition, indicating that the metamorphism 
and tilting of the lower formations were complete before the 
deposit of the sandstone. The sandstone and the associated 
ore are undoubtedly the same as those seen about 4 miles E. S. 
E. from Potsdam on the east side of the Racket river, and the 
inference is that the conglomerate and the ore lie at the base 
of the Potsdam. ' 
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Othe1' limestone. Two miles north of Norwood, on the left 
bank of the Racket river, are several quarries in a dark-gray, 
fine-grained but crystalline limestone which is spotted, in the 
upper layers of the quarries, with conspicuous lumps of white 
calcite. The rock is practically non-fossiliferous, but by con
siderable search, by Mr. Schuchert and the writer, we suc
ceeded in finding some imperfect fossils, viz., fragments of some 
Asaphus and of some Pleurotomaria, which cannot be specifically 
determined, and several specimens of Lingula irene Bill. This 
rock is extensively spread in this region, and is quarried at 
several other places not visited, viz., at a point on the O. and 
L. O. railroad four miles northwest from this place, and north, 
at Massena springs. This evidently belongs stratigraphically 
above all the foregoing. 

Summary and conclusions as to the stratigraphical succession at 
Potsdam. If an attempt be made to correlate these observations 
so as to express a generalized section for the northern Adiron
dacks, the writer would put the formations together in some 
such manner as follows: 

1. The gneiss, containing, inter stratified with it, the marble 
and the quartzyte, seem not to belong in the true Laurentian. 
Anyone familiar with the gneiss and schists which appear at 
the bottom of the geological scale in the Northwest would at 
once notice a great lithological difference. The Adirondack 
gneiss is more regularly and conspicuously a banded, sedi
mentary rock, and varies more frequently in composition; and 
its variations at the same time are of greater variety and greater 
extent. The rock is perhaps as wholly crystalline as the lowest 
Laurentian gneisses and schists, but there is a fresher facies, 
i. e., anincompleted. still non-differentiated, association of 
minerals, and a remaining suggestion of fragmental structure 
permeating the rock which is not seen in the old Laurentain 
gneisses. Its color also varies. In the schists are rocks that 
are black and fine-grained, finely micaceous, but apparently 
carbonaceous or graphitic. They also embrace this marble, 
which itself is sometimes conglomeritic, and reaches a thick
ness of several hundred feet. In the marble is a crystalline 
pure hematite, in lenses that sometimes have attracted atten
tion as valuable iron ores. The marble is sometimes siliceous, 
and sometimes is interstrati-fied with quartz rock, and finally 
gives place entirely to a banded quartzyte. This change takes. 
place in a direction toward the gneiss, i. e., the quartzyte 
outcrops are between known outcrops of marble and of gneiss" 

7G 
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but the manner of transition is unknown. Whether the gneiss 
here supposed to underlie the quartzyte is a conformable 
member of the same formation and similar to that with which 
the quartzyte and the marble are associa.ted, is unknown. It 
may lie non-conformably below the quartzyte, and represent a 
portion of an older formation, but our observations did not 
happen to bear upon this point. This marble, quartzyte and 
associated schist seem to be the northern Adirondack repre
sentatives of the marble, quartzyte and associated schists seen 
in the eastern side of the Adirondacks, extending with the 
Taconic mountains, through southern Vermont, western Mas
sachusetts and southeastern New York and further south. Their 
lithology, stratigraphic order and topographic relations to the 
Adirondacks are similar. It is now well known that they ap
pertain to the original Taconic of Dr. Emmons ~nd that they 
have been found to contain a primordial fauna. There can 
hardly be a question as to their geological identity in the two 
regions here considered. These regions are immediately ad
joining each other and must be considered as belonging to the 
same basin or area of deposition; with this similarity of rela
tions to the Adirondacks coincides the fact of similarity of 
stratigraphic order and lithologic composition. 

2. The overlying sandstone. The great sandstone which 
swings around the northern slope of the Adirondacks lies non
conformably on the foregoing gneiss, quartzyte, marble and 
iron ore, dipping generally gently away from the Adirondacks. 
The writer here is disposed to consider this entirely as one and 
the same formation, for t~ken altogether the evidence rather 
tends in that direction, though there is one anomalous fa.ct 
which cannot be explained easily on that supposition. There 
has been need of constructing for the Potsdam region, if the 
stratigraphy there is analagous to that in the Champlain-Bud- . 

. son basin, a succe&sion of principal parts in the geological 
scale that will agree substantially with that made out in that 
basin. In the Potsdam region hitherto but one great quartzyte 
has been known, and no fossils have been found in it, i. e., none 
from the rock at Poiisdam, although an "Upper Cambrian" 
fauna is known to exist in the light-colored sandstones outcrop
ping in the country surrounding Potsdam. The writer has 
been disposed to consider that the true Potsda m sandstone, or 
quartzyte, is more likely to belong at the horizon of the lower 
of these q uartzytes, notwithstanding the e:xistence of an "Upper 
Cambrian" fauna in the surrounding sandstones. The rather 



STATE GEOLOGIST. 111 

exceptional dip and the metamorphic condition of the rock 
at Potsdam seemed to require its separation from the "upper 
Cambrian" of the region. The discovery of a persistent 
quartzyte associated with the limestone and schist of the 
region, as above stated, supplies the demand for a harmonious 
comparative stratigraphy, and allows of the reference of the 
Potsdam sandstone at Potsdam to the upper horizon. This 
will accord with the general appearance of the geological en
vironment, as it has been generally interpreted, and will supply 
a representative, in the Potsdamregion,of that other quartzyte 
which on the eastern side of the Adirondacks and further south 
has so often been considered Potsdam, but which really exists 
at the bottom of the Taconic or near the bottom of the Lower 
Cambrian. ,as the latter term is employed by the U. S. Geolog
ical Survey. This upper quartzyte varies to a nearly white 
rock, though even then sometimes as hard as any quartzyte, 
and to a red, highly ferruginous sandstone. 'J'he latter phase 
passes into an iron ore which is economically valuable and has 
been worked for ore. In this condition it is conglomeratic with 
remains of the underlying formations, some of the fragmental 
pieces being from the hematite lenses that exist in the under
lying marble. It remains yet to discover the non-conformable 
contact of the lower quartzyte with a lower gneiss or granite, 
a true Laurentian formation comparable with that which lies 
below the "granular quartz" in the Green mountains. Should 
this be found by future examination in the region,' nothing 
would be lacking to complete the stratigraphical evidence of 
this succession. The fauna which exists in the "granular 
quartz" and associated strata in the eastern part of New York, 
if found in this lower quartzyte and marble, would furnish the 
most conclusive evidence. 

There remains, however, one alternative as a possible error 
in the foregoing conclusion. The outcrups of the quartzyte as 
quarried at Potsdam may not belong to the general sandstone 
of the region, and of this there is this evidence: (a) The rock 
is firmer and apparently more crystalline; its color and general 
grain is not remarkably different from some so-called gneiss, 
which outcrops below the dam in the Racket river at Potsdam, 
about three miles distant. In some known instances a rock re
sembling the Potsdam at potsdam has been known to be con
verted into a siliceous gneissic rock like that below the dam. 
(b) The dip of the rock at Potsdam seems also to be anoma
lous, if that rock be in parallelism with the light-colored sand-
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stones. This possible alliance with the gneiss formation would 
make the Potsdam at Potsdam of the same age as that of the 
quartzyte seen by Dr. Grant northeast from Richland. 

MORRISON COUNTY, MINN. 

A re-examination was made here for the purpose, chiefly of 
getting evidence, one way or the other, of the Archean age of 
the slaty schist which is seen in the Mississippi river at Little 
Falls. 

At the rapids below the dam, at Little Falls, the direction of 
the sedimentary bedding is various. It is difficult to say 
whether it is prevailingly in any direction. Yet in one instance 
it was carefully measured and found to be 75° W., 3° S. by 
compass, the slaty cleavage being about vertical and striking 
S. 25° W. On the west side of the island there is a plain 
crumpling of the sedimentary structure and in the main a 
small synclinal trough, though the prevailing direction here is 
westerly. The lenticular, so-called crystalline masses of quartz
dioryte described by Mr. Kloos (Eleventh annual report, p. 74) 
are always vertical, and coincide, in their longer diameter, with 
the slaty cleavage. They cross the sedimentation. They are 
not dependent on the direction and apparently not on the charac
ter of the sedimentation, but on some later force. The same 
is true of some white quartz veins, as they also run with the 
cleavage. It is true, however, that these dioryte septaria fre
quent certain layers of the sedimentation, occurring in a belt 
parallel with the sedimentary structure, at least in one place, 
though individually even then they are elongated with the 
cleavage. This seems to show the production of quartz-dioryte 
in a sedimentary rock, the process being completed in certain 
of the sedimentary bands over small areas, forming crystalline J 
masses, these masses being still surrounde" such materials 
as went to form the ordinary schist of the~l~ce. The petro
graphic alliance of this segregated rock with the laminated 
dioryte on "the point," as noted by me in the sixth annual 
report (p. 51), taken in connection with their elongation, and 
the further fact that the lamination on "the point" is parallel 
with the cleavage of the slates, points to the probable origina-
tion of the lamination on "the point" from the complete meta
morphism of a sedimentary rock, and also to the necessary 
separation of the lamination structure from any dependence on 
the original sedimentary structure, at least in the direction 
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which it maintains. These nodules, when sufficiently elongated, 
would constitute bands resembling these seen on "the point." 
The production of these C}.ioryte septaria, or dioryte bands 
(when elongated) seems to be favored by the occurrence of 
certain elements in the composition of the original sedimentary 
rock, since, as stated above, they frequent certain sedimentary 
strata, and are wanting in others. 

In Gravelville in the eastern part of Morrison county, with 
the guidance of Mr. Robert Brown, a large granite area was 
visited. This rock outcrops generally on section 18, T. 41-13, 
and its color is red to grey, sometimes gneissic, but mainly is 
massive, as if formerly molten. The red is sometimes very 
coarse and Scotch-like, but also often is fine-grained and sili
ceous, resembling some seen on the Kawishiwi river some 
years ago, and also that seen at "La Framboise" place a short 
distance above New Ulm in 1873. In the latter case it may be 
sedimentary rock metamorphosed in place. This granite area 
runs alongside of a valley in a direction S. S. E., the valley 
being on the east. 

In the town of Randall, on the west side of the Mississippi 
river, section 7, T. 130-30, greenstone is cut by the railroad. 
A low ridge extends S. S. W. about a quarter of a mile. The 
rock is fibrous-massive, and typical Keewatin. It has much 
calcite in spots and in veinings, also quartz, with some small 
pyrite cubes. This is evidently a fragmental rock, and the 
grains and pebbles of differing hardness stand out on the 
weathered surface. It is a conglomerate, of the Kawishiwin 
kind. The main structure stands nearly vertical but dips S. E. 
Numerous boulders of gabbro are strewn about here. 

The rock which I visited about a mile west of Little Falls 15 
years ago, * is now quarried for foundations. It appears like 
a modified gabbro where it lies in the streets, and when cut by 
the workmen, and also at the quarry, but on close inspection it 
is found to be a dioryte. I do not see any amygdaliodal struc
ture, such as that mentioned in 1877. 

Accompanied by Messrs. Williams and Rothwell, of Little 
Falls, another visit was made to Pike rapids. The rock's 
principal structure strikes about E. and W. and dips N. at 70° 
from the horizon, running diagonally across the river up stream 
to the left bank. At a point a short distance below the mouth 
of Swan river, and where the principal rock-reef causing the 

*Sixtb ann ual report. 1877, p, 53. 
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principal water· fall enters the right bank, is a limestone layer, 
standing several feet above the water, rather poorly exposed 
in the bank. It appears a little too far down-stream to be cer
tainly the cause of this riffle, but the dip would certainly bring 
it near that position under the water. It is disconnected and 
cannot be traced to the riffle. It is a pinkish, fine·grained 
marble, marked by close sedimentary (?) structure which 
coincides in direction and dip with the principal structure of 
the staurolite schists of the place. 

Near the centre of S. E. t N. E. t sec. 30, Town. 128-29, Mor
rison county, is a rather singular mica schist. This is. some 
miles below the limestone above noted, and on the upland a 
mile and a quarter from the river, on the west side. The low, 
small ridge is situated in a swampy tract, runs about N. and S., 
rises about 10 feet, and appal'ently extends under several acres. 
It shows no general structure and is very fine· grained. Yet it 
contains occasional nodules like those in the slates at Little 
Falls, characterized principally by long, conspicuous black 
hornblende crystals which are sparingly disposed about the 
periphyry of the mass in a lighter colored band. In some other 
cases there appears to be no completion of the concretionary 
process, and thE;lre can be seen only a few scattered long crys· 
tals of the same mineral running at random and gathered about 
a point in the schist, the whole area affected being about three 
inches in diameter. 

Lincoln, Morrison county. This is in the northwestern cor· 
ner of the county, on the "cut off" branch of the Northern Pa· 
cific railroad. Here are remarkable morainic ridges, very abo 
rupt and high. running almost like a kame, extending past the 
station southwest from lake Alexandria. They are remarkably 
abrupt and high. The region is one of red till, which extends 
from Little Falls to Philbrook, though beyond Lincoln the sur· 
face becomes sandy like that at Lhtle Falls and Brainerd. 
These hills were only seen from the cars. 

Philbrook, Todd Co. Still further northwest, at the point 
of junction of the Fish Trap ~ith the Long P1;"airie river, an ex
amination was made. under the guidance of Mr. Hartshorn, of 
Staples, and Mr. Robert Brown, of Little Falls, of the rock 
outcrops in that neighborhood. These outcrops. so far as 
could be discovered, are all of. gabbro. but the. rock manifests 
some variatiqns which have not before been seen in the great 
gabbro of the region further east. It varies in patches or in 
vein. deposits, to a nearly white rock consisting almost wholly 

I. 
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of a feldspar which is striated, with a little quartz. This may 
be a segregation product, and not an original constituent of the 
mass. It also varies to a very dark and heavy trap-looking 
rock, which, however. still contains long cleavages of a striated 
feldspar. Throughout all these, except in the white feldspar, 
are many crystalline grains of magnetite which is probably 
titanic. There is also a narrow belt, not well exposed, seen 
below the dam of the Fish Trap in unfavorable situation for ex
amination, where this gabbro is converted by shearing into a 
schistose rock, the schistose structure st.anding about perpen
dicular. In this schist. which might inadvertently be taken 
for an outcrop of an older formation, are still seen many of the 
magnetite grains, and all the feldspars as well as the horn
blendes are broken and flattened. This gabbro forms a low 
hill range, and can be traced, according to Mr. Hartshorn, S. 
S. W. or nearly S. about 3 or 3i miles. and has a wid th of half 
a mile, so far as known. It extends 2t miles from Philbrook 
southerly and some distance north. 

The principal object of this re-examination in Morrison 
county was to determine, if possible. whether the Little Falls 
slate be Taconic or Archean. There seem to be several strong 
points indicating it is of the Archean, viz: 

1. The garnets and the general micaceous composition of 
the Little Falls slate point to its identity in age with the stau
rolitic and garnetiferous mica schist at Pike rapids. 

2. The existence of the nodules of quartz dioryte in the 
Little Falls slates, and the petrographic relation they bear to 
the laminated dioryte at "the point," indicating a close connec· 
tion in age and metamorphic transformation between the slate 
and the dioryte, show that both rocks have suffered a greater 
change through some general or regional crystallizing force 
than has been found in Minnesota for any strata of the Taconic. 

3. Toward the eastward from Little Falls the rocks are 
granitic, so far as th8y appear' above the drift, not allowing 
any grea.t extension of any schists or slates in that direction, 
and .toward the west, so far as known, all the outcrops show a 
more crystalline rock than is known at any place in the Taconic. 
It would appear as if, generally, toward the west the rocks are 
of the Keewatin or the Vermilion age, and that toward the east 
they may be of Laurentian. 

4. The fine mica schist seen some miles below Pike rapids (S. 
E. tN. W. t sec. 30, 128-29) contains nodules of quartz dioryte 
that are indistinguishable from those that occur conspicuously 
in the sla.tes at Little Falls. 
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5. There is therefore a general alliance between all the out
crops from Little Falls southward that requires them to go al
together into the same formation, whether Archean or Taconic. 
It is therefore most likely that they all belong in the mica 
schist belt (Coutchiching or Vermilion) of the Archean. 

[Note on the water power at Little Falls.-Mr. M. M. Williams ~tate~ that 
there is more water power at Little Falls than at Minneapulis,-i. e., that 
there is more water passing over the dam at the former place. Last win
ter, while the water power company at Minneapolis bad to shut off all 
leases beyond eleven mill-powers, owing to the low stage of the water, at 
Little Falls they were running 13-15, including wastage at the dam. The 
fall at the dam at Little Falls, is 20 feet; from the canals it must be a 
little more. At Minneapolis the perpendicular natural fall, at the falls, 
is about 16 feet, and by the dam and the canals, in the turbine wheels 
it .is made· to be about 52 feet. If it is demonstrated, as it ap
pears to be, in the opinion of Mr. Williams, that more water passes 
Little Falls than St. Anthony falls, it is a remarkable and interesting 
fact, and can only be explained by supposing the water, after passing 
Little Falls, enters the St. Croix and St. Peter sandstones, both of which 
cross the river in their strike, between the two points, and both of which 
afford abundaLt artesian water at more southern pOints.] 

TH~ MESABI RANGE . 

.At the Hale mine men have lately found (July, 1892), a soft 
ore at 38 feet below the surface. The rock struck at first is 
taconyte*, a grayish, cherty rock which is abundant on the 
Mesabi range, in connection with the ore. In larger quantities 
this rock frequently overlies important beds of hematite. It 
is also frequently brecciated; as a rock it varies from cherty 
jasper to hard ore, and in some positions it appears to have 
been the rock which has been changed to ore, sometimes more 
evidently to a hard hematite th~n to a soft ore. The figure be
low (Fig. 8) shows the geological situation at the Hale mine. 
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FIG. S.-North and south section at the Hale mine. 

* This name was suggested hy 1\'[r. H. V. Winchell, for the cherty, or siliceou~, gray 
rock which in m",ny pl",ces "'ppears to have been the basis from which, by a progres
sive crmnge to hem",tite. the are deposits of the r",nge have been formed. The rock 
h",s not yet received ",n accurate descr,iption, but is recognizable by any geologist who 
visits the region. 

..~ 



STATE GEOLOGIST. 117 

At the Cincinnati mine thirteen shafts 01' pits, have been sunk 
(March 5th, 1892), which disclose soft hematite ore. Their 

,distribution, as indicated by the captain in charge, is shown on 
the small map below, figure 9, which represents section 2, 58-16. 
These pits vary in depth from 50 to 75 feet, and are reported 
to contain ore of merchantable quality ranging in thickness 
from five feet to fifty feet. Nos. 1, 2 and 3 struck a sand-rock, 
while two others, near the center of the section, encountered 
slates, i. e., the well· known black slate. A portion of the 
Biwabik mine is in the extreme N. W. corner of the section. 
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FIG. 9. -The Oincinnati mine, section 2, 58-16, 

In July, when a second visit was made to the Cincinnati mine, 
the situation was somewhat changed. Pits Nos. 2 and 3 were 
extended through the ore, and the llnderlying rock was found 
to be a sandy quartzyte, rather soft, for two feet in No.2, and 
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in chunks in No.3, for two feet. Pit No.8 was 70 feet deep, 
the bottom below 60 feet being in a quartzyte containing a little. 
jasper, making a banded quartzyte. This rock is flat, with ore 
b~tween the layers. It is "altogether different from the lower 
quartzyte." Shaft No.3 has 45 feet of ore, and No.2 has 35 to 
40 feet. Shaft No. 4 had a bed of rock, or a bunch of taconyte 
eight feet in thickness lying in the ore. Shaft No.9 went down. 
75 feet, with 45 feet of "paint rock" and ore alternating. Wa
ter then stopped the work. Shaft No. 10 is 100 feet deep, 
having mixed ore and paint rock, something like No.9. Shaft. 
No. 11, 300 feet west, is 65 feet deep,' and has 25 feet of ore like 
the other, 10 feet of paint rock, 10 feet of ore, 5 feet of paint 
rock, lying on the qualltzyte which dips 25° westward. Shaft. 
No. 12 is 96 feet deep. Struck no rock but has 45 feet of good 
brown ore, and ten feet of paint rock, with ore again below. 
Shaft 13 is down 40 feet, and struck black slate, not worked 
further. 

The "banded quartzyte" in No. 8 shaft on examination 
proves ~ be a form of the taconyte generally overlying the ho
rizon of the ore and of the true granular quartzyte. The "black 
slate" of shaft 13 is probably the lowest part of the black slate· 
horizon, but it is not slate, nor slaty. It is dark, nearly black, 
varying to greenish to grayish, a fragmental rock entirely, so· 
coarse as to be conglomerate (1689). While very siliceous, the 
silica is in the form of flint pebbles, and more or less angular 
pieces, and a little chalcedonic silica (i. e., minutely granular 
like the silica of the jaspilyte). It also has rounded pebbles of 
a dark, softer rock, more like some of the thicker slate beds· 
into which the slates gr~duate upward. Most of the rock in 
places is made up of these, and in finer condition they also act 
as cement for the coarser portions. But pervading the whole· 
and filling the smaller interstices is black magnetite in such 
amount as to disturb the needle markedly. 

Combining these observations with those made at Wicks' 
camp (May 8), the downward succession seems to be, for the· 
rocks of the Animikie in the Mesabi range, as follows: 

General section oj the Mesabi range rocks. 

1. Black slates, often magnetitic. Thickness unknown, but very great. 
2. Conglomeratic portion of the black slates, often magnetitic (1689 and 

some part of No.4 of Wicks' drill.) This iR not easy separable from 
the next, and in some places Is confused with the next, or graduates 
into it. Thickness may be 20 feet. 
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3. Taconyte horizon, mixed with ore or graduating into ore, often styled 
"cap-rock." Thickness 5 to 50 feet. 

4. Theore horizon, sometimes encroached on by No.3. Thickness 10 
to 50 feet. 

5. Fine "chalcedonic" quartzytes. In some places this is not found, 
but when it is present it seems to occupy, in part at least, the 
horizon of No.4 (No.6 at Wicks'). Thickness at. Wicks' 17 feet. 

6. Rounded, granular quartzyte. Thickness 20 to 100 feet. 
7. Basal conglomerate. Thickness 5 to 10 feet. 

The non-conformable underlying formation may be any part 
of the Archean, eveD. the iron· bearing portion of the Keewatin; 
and the basal conglomerate in consequence assumes various 
lithology and composition. 

In the bottom of shaft No.2 at the Cincinnati is a disinte
grated quartzyte (1690). The grains are angular and sub
rounded. There is here no jaspilyte, as at Prairie rapids, 
and at Gunflint lake, but the sand is stained with iron and 
manganese oxides. N. W. from pit No.2, 400 feet, another 
pit struck "chalcedonic" quartzyte, irregular and twisted, as
sociated wIth a sandstone and a conglomeratic mass, sometimes 
kaolinic. 

Further north, 250 feet, is a pit in greenstone, and at 150 feet 
north of pit No.1 is a pit in sandstone. 

In general, so far as can be seen at the Cincinnati, there is a 
jaspilitic silica only near the bottom of the Pewabic quartzyte. 
A pit was seen at the Hale mine which struck the greenstone. 
It was all reddened by oxide of iron, but it had the schistose 
structure and the texture of the Keewatin; however, at the 
Cincinnati mine the greenstone, where struck, is still green, 
and unaffected by transference of iron from the uppf'r horizon. 
Another pit, at the Cincinnati mine, struck a phase of the Pe
wabic quartzyte not often seen. The rock was greenish and 
hard, and fine· grained, but evidently laminated by sedimentary 
stratification. It had been mistaken by the superintendent for 
greenstone. This phase here is near the basal conglomerate, 
and in grain it resembles that seen at Wicks' (No. 1632), though 
its color is usually not pinkish. In the form of boulders it is 
quite common on the surface, weathering nearly white, so as to 
resemble marble. 

The rock taconyte prevails along the eastern part of the 
the Cincinnati, and probably in the eastern part of the section, 
the ore becoming more and more abundant in the western pits. 
There are so many pits scattered through this region that it 
gives the impression, the rock and dip being uniform, (with one 
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exception), that the ore originated from a grand change in the 
taconyte rock toward the west. Further observation, however, 
is needed, to demonstrate this. 

The Biwabik mine. The adjoining figure shows the three 
"forties" on which this mine is located, and the positions 
of the various shafts here mentioned, as they appeared July 
19, 1892. 
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FIG. lO.-Map of the Biwabik mine, July 19, 1892. 

Shaft 13 has the following section: surface, 36 ft.; . paint 
rock 18 ft.; mixed ore and paint rock, 34 ft.; purple paint 
rock (56 Fe.), 8 ft.; yellow ochre, 4 ft.; total, 100 ft. 

An average analysis of ores from shaft 13 was made by E. E. 
Brewster, with the following results. This included the upper 
"paint rock," and "mixed ore and paint rock." Iron. 50.05; 
Phosphorus, .049. The upper paint rock alone gave: Iron, 
46.10; Phosphorus, .041; Silica, 14.44, being still a bessemer ore. 
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Shaft 15 has the following section: surface, 30 ft.; paint 
rock, 13 ft. (44 p. c. Fe.); yellow ochre, 7 ft. (62 p. c. Fe. ) ; 
blue and red ore, 7 ft.; soft blue ore, 27 ft. (67 p. c. Fe.); brown 
ore, 22 ft., limonite (03.20 p. c. Fe.) Stopped here on account 
of water. At the depth of 85 ft. a drift was in "soft blue ore" 
in a N. E. direction, and another was run south. The former 
was extended 150 ft. from the shaft, and the latter 45 ft. They 
only found the same ore as at the shaft. Five hundred tons of 
the blue ore were taken out, and now lie in the stock pile. An 
average analysis of the ore in shaft 15 gave Messrs. Rattle and 
Nye 66.5 of iron, and E. E. Brewster, 65.40 Fe., .034 Ph. The 
complete analysis from shaft 15 gave the following result, by 
W. E. Rice, of Newcastle, Pa.: 

Metallic iron, ........... 69.054 Alumina, ........... 300 
Silica, ................... 1.340 Manganese, ............ 130 
Phosphorus, .... .. . .. ... 0.168 Magnesia, ............. 072 

Shaft No. 17 has the following section; surface 28 ft.; paint 
rock; 16 ft.; yellow ochre (some brown ore), 17 ft.; blue and 
brown ore mixed, 46 ft. An average analysis from this shaft 
was made by E. P. Jennings, Hurley, with the following 
result; iron, 63.25; phosphorus, .032. 

Shaft 19 has the following section; surface, 52 ft.; mixed 
surface and ore, 2 ft. ; brown ore, 12 ft.; "sand," 2 ft.; soft ore, 
(blue and brown), 6 ft.; soft blue ore, 12 ft.; brown and blue 
ore (hard), 6 ft. ; soft blue ore, 13 ft.; brown ore, 2 ft.; total, 
107 ft. This entire shaft is dry. 

An average analysis by Brewster from the first 20 feet in 
shaft 19, gave the following result: Iron, 64.35; phosphorus, 
.045. The next ten feet gave, iron, 65.95; phosphorus, .047. 

Shaft No. 20 has the following section; surface, 5 ft.; brown 
ore, 19 ft.; hard blue ore, 11 ft.; brown and blue ore, 6 ft.; hard 
brown ore, 10 ft.; soft brown ore, mixed with some blue. 17 ft.; 
brown ore, 1 ft.; stopped, no water. Analyses (average) from 
this shaft gave Brewster: first 15 feet; iron, 62.40; phosphorus, 
.065. The next 10 feet gave iron, 62.40; phosphorus, .068. 
The,next 10 feet gave iron, 63.30; phosphorus, .068. The next 
10 feet gave iron 58.65; phosphorus, .104, and the next 10 feet 
gave iron, 60.20; phosphorus, .081. 

Shaft 21 has the following section; surface, 6 ft.; brown ore 
and yellow ochre, 20 ft.; hard blue and brown ore, 5 ft.; soft 
blue ore, clean, 8 ft.; brown and blue ore, 4 ft.; soft blue ore, 
10 ft.; brown ore, 10 ft.; blue and brown ore, 7 ft. Stopped, 
no water. 
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Average analyses by Brewster gave the following results 
from this shaft: 

First fifteen feet, Iron, 50.85; Phosphorus, .097. 
N ext ten feet, Iron, 62.50; Phosphorus, .063. 
N ext ten feet, Iron, 63 45; Phosphorus, .029. 
N ext ten feet, Iron, 62.25; Phosphorus, .05l. 
Next ten feet, Iron, 63.45; Phosphorus, .038. 

Shaft 21 has 56 feet of ore, varying from blue to brown. ex
cepting five feet of taconyte, the brown being about three or 
four feet at the bottom. This shaft apparently also has a bed 
of soft manganese at the depth of 94 feet. 

Shaft 24 has a "surface" of 29 feet, and about 50 feet of blue 
ore, brownish at the bottom, still sinking. 

Shaft 25 is a repetition of shaft 13, with the exception that a 
blue ore appears below the yellow ochre, at the bottom, and 
the ochre was found to be 13 feet thick. This gives reason to 
expect that the blue ore of shaft 15 will yet be found below the 
bottom of shaft 13. 

Shaft 26 has the following section: surface, 23 ft.; yellow 
ochre, 10 ft.; brown and blue ore, 4 ft.; soft blue ore, 31 ft.; 
brown ore, 2 ft. (just touched); total, 70 ft. 

Analyses were made from this shaft with the following re-
sults: 

First ten feet in ore, Iron, 60.65; Phosphorus, .043. 
Second ten feet in ore, Iron, 64.70; Phosphorus, .042. 
Third ten feet in ore. Iron, 66.55: Phosphorus, .025. 

It is noted by Mr. Jones that there is a body of soft blue ore 
of highest grade, between two beds of hydrated ore, as shown in 
all the sections. 

N ear the town line, in the extension of the line between sec
tions 2 and 3, a shallow pit struck green siliceous rock, evidently a 
part of the q uartzyte. It is similar to the greenish schists and 
slates lying south of the quartzyte foot wall at the Aurora mine 
on the Gogebic range. * It is a slaty, gray quartzyte. in part, 
brittle and sharp, and in part it is soft, greenish and largely 
made up of debris from the underlying greenstone, with seri
cite and argillyte. Much of it cannot be called quartzyte. How
ever, it is apparently nearly on the 'horizon of the fine-grained 
phase of the quartzyte seen at Wicks'. Here it is below a 
coarser sand rock, but at Wicks' it was reported by Wicks to 
be above the principal mass of coarse sand rock. 

*Compare 16~h Report of the Minnesota Survey, p. 58. 
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The following complete analyses was made of the Biwabik 
o1:'e by Frank D. Orolaugh (Stewart Iron 00. ): 

Iron ................................................... 66.864 
Phosphorus. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .009 
Alumina.................. .... .••.•• .... .... .... ....... .840 
Silica.... ...... .......... .... .... ........ .... .......... .880 
Lime.... ............ .... .... ...................... ..... .041 
Manganese. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .100 
Sulphur....... . . ........... .... ...... .. .... .... . . ...... .030 
Magnesia. . . . . . .. ......................... ............ .021 
Loss at red heat....................................... 2.000 
Titanium.... ... . . ..... .... .... .. .. ... . .... .. .... .0.' .. None. 
Arsenic ................................................ None. 
Oopper ................................................. None. 
Chromium ............................................. None. 

The Biwabik apparently has are on three·fourths of two 
forties, an average of 50 feet thick. Allowing ten cubic feet 
for one ton of ore, the amount of ore "in sight" is found to "ge 
{), 905, 000 tons. This is a conservative calculation. The ore is 
often 60 feet thick, and even, in one case, 68 feet in thickness, 
and there is great probability that the are underlies more than 
one and a half forties. Mr. Jones, under whose guidance the 
foregoing facts were ascertained, estimated the total ore "in 
sight" at eleven millions of tons, and others have made it as 
high as twenty-three millions. 

The Ohicago mine is on sec. 4, 58-16. The land of this com· 
pany is outlined on the following sketch map, fig. 11. 
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The Ohicago company's land was visited July 20 and 21, 1892, 
and the examination was made under the guidance of captain 
Johnson. It was a pretty thorough examinati~n, all the trial 
pits and shafts having been visited. On the accompanying 
figure a few of these pits are shown, viz., such as were import
ant as to some geological features disclosed. The only ore 
body found is near the eastern side of the property, where nine
feet of good, soft, blue ore was found in a pit. It lay within 
the taconyte rock, having:-

Surface. .. . . . . . . . . . . . . . . . . . . . .. ................ 15 ft. 
Taconyte.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 17 ft. 
Taconyte, with ore in lumps .................... 10 ft. 
Suft, blue ore...... .. .... .. .... .. .. ... . .... .... .. 9 ft. 
Taconyte ........................................ 12 ft. 

But this shaft was abandoned at 63 feet because _ there was 
no return of ore on going deeper, and because the shaft had 
not been well prepared for working deeper with safety. At a· 
later date Mr. Johnson reported that he had begun a drift in 
this shaft at the level of the ore, about 50 feet below the sur
face, and he found the rocks dipping at an angle of about 30 
degrees toward the west, and that the ore apparently was in
creasing in amount. 

In the course of the examination of this tract it was observed 
that the taconyte comes close upon the quartzyte, in separate 
pits, with little or no ore, at least in some places. This oc
curs at the eastern and western extremes of the property, and 
there is nothing shown by the intervening pits to indicate any 
probability of a change. This examination also tends to estab· 
lish some principles respecting the ore bodies. 

l. The soft ore occurs in the midst of the taconyte rock. 
though I had believed that it occurred, when in considerable 
amount, first at the bottom of the taconyte. 

2. The taconyte is separated from the quartzyte by a thin 
stratum of hard brown ore. 

3. There is a stratum of hard, fine-grained quartzyte, simi
lar to the pinkish quartzyte at Wicks', embraced in the basal 
quartzyte (1696). This seems to be the same as that detected 
at the Oincinnati and Biwabik mines. 

4. The first phase of the quartzyte below the ore is coarse 
and rather loose, as at the Oolby and Aurora mines on the 
Gogebic range. 

5. It is fine-grained, becomes slaty and sometimes appar
ently sericitic, but hard and brittle, at a lower level. In this 
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condition it is gray or green, and might be styled novaculyte, 
similar to that lying below the mass of quartzyte at the east 
end of Teal lake at Negaunee. 

6. The rock all about the Chicago property is nearly fiat, 
and is unfavorable for the progress of the change which has 
been supposed to have produced the ore, and so far this rather 
confirms that hypothesis. 

The McKinley mine, July 21, 189i3. 

On the accompanying sketch map the various shafts and pits, 
as referred to here, are located. Many others which revealed 
nothing important are not noted. 
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FIG. 12.-McKinley mines. 

Pit No.1, the first one sunk, has 18 feet of ore, wit4 no taco
nyte overlying. It is 40 feet deep and stopped in the ore body. 

Pit No.2 passed through the hard pan down to the ore. No 
capping; 42 feet deep. 

8G 
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Pit No.3. Surface, 7 ft.; capping, 5 ft.; ore, 57 ft.; stopped 
in ore; much water at the bottom. 

Pit No.4. Surface, 11 ft.; mixed ore and t.aconyte, 29 ft.; 
ore, 25 ft.; still in ore; much water. 

Pit No.5. Surface, 20 feet; capping, none; ore, 30 feet; 
taconyte, 12 feet; ore, 1 ft; expect to resume. 

Pit No.6. Surface, 60 ft.; ore, 8 ft.; incomplete from bad 
weather; will resume. 

Pit No.7. Surface, 12 ft.; broken taconyte, 28 ft.; no ore 
yet. 

At the "old camp" a well struck a "red grindstone rock," but 
no samples were preserved. It may be a rusted condition of 
the Pewabic quartzyte, or it may be some Creta~eous sandstone. 

The map shows the line of strike of a taconyte body, the 
outcropping bluff facing north and running northeastwardly, 
and below it all the ore thus far found in section 8 has been 
found. At the present camp (see fig. 12) a well was dug in black 
slates 8 to 10 feet. The well is 32 feet deep. 

On some of the McKinley land the black slates appear, and 
at the well at the new camp, they give a water carrying sul
phuric acid, evidently derived from the oxidation of pyrite, 
which is in the slates in crystalline form. In a pit further 
north the rock, which is apparently of the black slates, is 
somewhat different, resembling some of the sQ-called ash-beds 
of the Cupriferous. 

The ore pits south of the camp, near the townsite of McKin
ley, are probably all above the main ore body. It would re
quire some unexpected break or irregularity in the strike of 
the taconyte, to cause the appearance of considerable ore de· 
posits in that locality, as the surface is probably not only above 
the ore body but also above the main taconyte mass. It is the 
opinion, however, of Capt. Hill, that there may be important 
ore deposits on the present townsite. It was reported that a bed 
of 20 feet of ore had already been discovered in this vicinity and 
that it was likely that the townsite would be changed to some 
other place. On examining this ore it was seen to be quite dif
ferent from that known to occur at the lower horizon. It is 
lean, hard and soft (ochery), mixed with some green clay,some 
slaty portions, some magnetitic, and altogether as yet non
merchantable. It may be possible to get a bed of ore in there, 
but as it would be on a ne~ and higher horizon, it would be 
a new thing and indicate a great increase in the possibilities of 
the range. 
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FIG. la-Mesabi Mountain, Security, Virginia; .ec. 8, T. 58-17. 

Mesabi lJfountain, Security, Virginia, etc. 

The accomp'anying sketch shows the relative positions of 
these properties, and some of the pits that had been sunk to 
July, 1892. Here the dip is reversed from that usually met 
with on the Mesabi range. The rock bearing the ore lies on 
the N. W. slope of a greenstone ridge, which is a spur of the 
general greenstone area further north, and has a N.W. dip, 
varying from N.W. to 12 degrees south of west, amounting to 
5 to 15 degrees. In the axes of these ridges granite fre
quently is found to take the place of greenstone. In sections 
15 and 14 the bluff:;; of Pike river are precipitous and high with 
cliffs of greenstone, the precipitous cliffs usually facing E. and 
S.E. The same kind of surface is in sec. 29, in the same town. 
From some of these hills of greenstone it is reported that the 
eye controls a vast country toward the south. 

In this region some interesting observations were noted. 
Mr. W. J. Merritt, who is in charge of the Mesabi Mountain 
property, is of the opinion that the main ore deposit lies above 
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the taconyte rock, thus agreeing with some evidence tending 
to the same conclusion already noticed at the McKinley mine 
This opinion is based on some general observations made by 
him on the geographic relations of those trial pits in which ore 
has been found compared with those which do not contain ore, 
but have encountered the rock taconyte. 

The following notes describe the pits represented on fig. 13. 
First, Mesabi Monntain.-As given by Mr. Merritt or his su

perintendent, pit No. 1 encountered taconyte after passing 
through three feet of good ore; pit No.2 struck what is known 
as taconyte and to which was given the local designation 
"stove-plate rock" by the workmen; it was very ferruginous 
and resembled ore, but in thin and brittle sheets; pits Nos. 3 
and 4 encountered a fine blue ore; pit No.5 struck red ore; pit 
No.6 encountered a peculiar irony gravel, supposed by the 
superintendent and others to be from an old pre-glacial gorge 
cutting the iron ore beds; pit No. 7 encountered a black ore, 
good quality, and NO.8 had blue ore. 

Some of these pits aTe from 50 to 75 feet deep and have, 
sometimes, 50 or more feet of nice clean ore. 

The supposed glacial gorge represented on the sketch map 
(fig. 13) passes from the Lone Jack property onto the Mesabi 
Mountain, and is considered to be a very uncertain hypotheti
cal explanation of the existence of certain gravel. It may be 
that there is a gorge in the rocks running about as supposed, 
but the gravel may be of Cretaceous age rather than post gla
cial. The gravel itself exhibits every feature of a promiscuous 
fragmentary accumulation. Some of it is completely made up 
of ore like that of the region, but of rather low grade, and 
~ome of it is apparently derived from a rock but little affected 
by ferric oxide. It seems to vary exactly as the rock of the 
country does, that is, it is "lean" or not, and its different con
stituents can be referred entirely to the country rock adjacent. 
The further phenomena of this gorge will only be revealed by 
the mining operations that are sure to follow. At the present 
time this gravel is simply overlain by the common till and 
graduates rather abruptly upward into an irony till and then 
into a gray till. The pebbles are cemented together by a coat
ing of ferric oxide deposited on them since they were placed 
in their present position, indicating the later supply of some 
water, in large amount, capable of parting with iron oxide. 
Some of the pebbles have an irony crust harder than the inter
ior, and from the crust toward the center there is an increase 
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of coarseness of tex~ure, even becoming somewhat spongy, in
dicating some progressive change from the circumference to
ward the center, the whole pebble, however, becoming good 
Bessemer hematite; but such pebbles are not common. The 
great mass of the gravel, some of it being coarse as walnuts, 
consists simply of very irony rock of some sort, of very uni
form grade throughout. It does not appear that the gravel 
has become ferruginated to any great degree since its deposi
tion as gravel. The ferruginous surface film is nothing more 
than such as might be found on any exposed surface over 
which the waters of this region might pass. 

In the Lone Jack property in one pit the gravel was found to 
be 35 feet, and below that a fine blue ore, continuous to a total 
-depth of 102 feet. The other pit has gravel ore 66 feet and 
goes no deeper. 

Second, Security.-Two lines of trial pits had been run by the 
superintendent, J. M. Huggins, north and south across the 
north forty of this property, which revealed some interesting 
facts as to the relations of the ore to the rock taconyte. The 

- second series also extends over onto the south forty. The 
eastern series includes the following pits from 1 to 5 inclusive. 
In these pits a large body of purple ore has been developed at a 
short depth below the surface. The other series, which lies 
further west, including 6, 7, 8, g and 10, encountered generally 
nothing but rock, though in some cases overlain by ore, reach
ing a thickness of 6 to 9 feet; yet in No. g, which really lies 
further east than the rest, Mr. Huggins reported that he found 
an alternation of good ore and taconyte, about one-half being 
ore, the beds of which were one to two feet thick. At the pit 
No. 10 of this series careful measurement was made of the dip 
of the taconyte, the result being IOu to 15° west, 10° north, 
by compass. 

The facts seem to show, so far as the Security property is 
concerned, that the strike of the ore and rock is about north and 
south, or a little northeasterly, and that the main ore deposits 
are stratigraphically below the taconyte. It seems, however, 
that the ore is not entirely below the taconyte, as shown by pit 
No. g, but it is interbedded with it. It also appears by the 
depth of the pits in the western series that the main body of 
ore ought to have been struck there if it maintains a strati
graphic relation below the taconyte. Upon the whole it is un
settled whether the ore body runs below the taconyte or re 
suIts from a change in the taconyte. 
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Third, the Virginia.-While there was a series of pits along 
the western side of the north forty (see fig. 13), evidently 
striking the same body of tine ore as revealed on the Security 
next west, the whole dipping west northwest, yet there was 
another belt of rock disclosed by a still further eastward line 
of pits, which apparently belongs near the bottom of the ore 
body and manifests about the same uncertain stratigraphic re
lations as the taconyte on the Security. It was the occurrence 
of this body of rock, which was taken by Mr. Merritt as the 
stratigraphic equivalent of the taconyte and the existence of 
ore above the taconyte on the Security, that induced him to re
gard the ore-body as generally stratigraphically above the 
taconyte rock. But it is probable that this is not the strati
graphic equivalent of the taconyte, but lies below it. This 
rock is a marked and persistent stratum; it cannot be called 
taconyte; it is a hard ore, or impure jasper conglomerate ore 
and furnishes many boulders that lie all over the surface in this 
country; it as certainly lies below the main ore deposit at this 
place as the taconyte further west lies above it. This stratum 
was struck in pits 7 and 9. The dip on the Virginia was re
ported to be 12° to 15° west, 10° south. 

From pit No. 12 on the Virginia was thrown out a large 
amount of kaolin, the whole thickness being 16 feet. This 
kaolin is in the midst of ore, which lies both above and below it. 
This ore and kaolin are intimately associated; they make 
blotches in each other. The kaolin ha~ apparently a sedimen
tary structure agreeing with that of the rocks of the region, 
and the hematitic interlaminations in the kaolin are very 
marked. When the kaolin is massive and coarse and nearly 
white, it contains balls and lenticular masses of silica. These 
balls are in both the kaolin and in the red and hematitic por
tions, which seem to be kaolin stained with ferric oxide. They 
have a uniformity of position, being elongated in the same di
rection. There is usually an abrupt transition between the 
white and red colors, but aside from the presence or absence of 
ferric oxide there is no apparent difference in this kaolin. 

To further establish the relations of the ore to the taconyte, 
a special exploration was entered upon by Mr. J. W. Merritt, of 
the Mesabi Mountain Iron Co., and Mr. P. W. Scott, ofthe New 
England and Virginia mines. The former has begun to sink a 
shaft in the taconyte with the view of going through it or deep 
into it (pit No.2 of Mesabi Mountain); and the latter has sunk 
three trial pits near the mutual limit between the ore and the 
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rock, as detailed below. This last trial has demonstrated that 
the rock is actually converted, on the same stratigraphic plane, 
into ore .. The facts are as follows, and they can be illustrated 
by figures 14, 15 and 16: 
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FIG. 14. A perpendicular section through three 
pits adjacent to each other, north and south, on 
the Virginia. 
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FIG,15, Plan of the bottom of pit 2 . 

FlO, i6. Portion of the west side of pit 2 at 
the bottom. 

On the sketch map (fig. 13) may be seen the location of these 
three trial pits, numbered 1, 2 and 3, on·the Virginia property. 
Pit No.1 of this series encountered black ore in large quantity 
at the depth of 13 feet below the surface, the ore being found 
to be at least 33 feet thick. Numerous other pits in the- imme
diate vicinity had gone deep in good blue ore, one being the 
deepest in the ore yet sunk on the range-102 feet; others were 
so near an area of taconyte rock that it appeared easy, by one 
or two intervening pits, to develop what relation exists be
tween the ore and the rock. There is a distance of 75 feet be
tween pits 1 and 3 (see fig. 14), the former bei.ng further 
north and 46 feet deep, with 33 feet of good, clean, black ore, 
and ore still deeper; the latter but 7 feet deep and on the ledge. 
Then pit No.2 was sunk at 50 feet from No.1; this one 'struck 
the rock at 12 feet, dipping, as in No.3, about 10° or 12° N. N. 
W.; or toward pit No. 1. In this pit (No.2) rock exists on the 
south side and ore on the north side (see fig. 15). There is 
an indisti.nct trace of the sedimentary structure in the form 
of a thin white kaolinic sheet running from the rock well out 
into the ore; but in general the ore part is disturbed and 
sunken down from the rock. There are irregular pockets in 
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the rock, consisting of ore, connected with the main ore body, 
but the bottom of the pit is almost wholly in ore. The kaolinic 
sheets of the rock remain white and distinct as such-;-even in 
the otherwise changed rock-and show that the kaolin ante
dates the ore as a native element in the formation. Messrs. 
Scott and Short both went down with me into this pit, and with 
pick and hammer we made close examination. The outlines of 
the rock on the bottom of the pit and its appearance on the 
west side of the pit are represented in figures 15 and 16. 
Some specimens were taken from the line of junction of the 
rock and ore, showing distinctly the rather abrupt change be
tween them, the sedimentary beds being continued from one 
part to the other (1707). This was of a rather soft ore and a 
rather soft rock. 

Mr. L. W. Ayer, who was much interested in this trial, sub
sequently wrote the following report as to further develop-
ments. 

MESABI MOUNTAIN CAMP, Aug. 7,1892. 
PROF. N. H. WINCHELL, MINNEAPOLIS, MINN. 

DEAR SIR:-Agreeably with my promise to keep you posted as to the 
results of the work in thc pit No.2, on the Virginia property, in the N.E. 
corner of the N. E. 1 of S. E. 1 sec. 8, T. 58, 17 W., I beg to report as fol
lows: 

On the 28th ult., the day you left here, the pit was twenty feet deep 
with fourteen feet surface clay and boulders, then taconyte apparently in 
transformation-the half of the pit toward the northwest or toward the 
ore bed being mostly good ore, though generally of low grade, and run
ning into the taconyte in almost imperceptible gradations. 

In the next four feet the relations continued about the same, the ore a 
little better perhaps. 

In ~the next two feet appeared a comparatively high grade soft ore 
mixed with a light colored quartz sand. 

Next eighteen or twenty inches-thin layers of hard ore, low grade, one 
and a half to two inches thick, alternating with sand. When blasted 
this ore broke into small fragments from one to three inches, with rec
tangular faces.' 

From this depth (about thirty feet) to the bottom of the pit, a depth of 
thirty-five feet in all, was quartzyte, very slightly "banded" by streaks of 
iron. 

The property having in the meantime been leased, the original inten
tion to put the pit down to determine the thickness of the rock and the 
question of an ore body under -the rock was abandoned, and the pit left 
as above stated at a depth of thirty-five feet, with the connected prob
lems still unsolved. 

The appearance of the pit when you were here very strongly supported 
the replacement theory, and I was nearly a convert, but the later develop
ments make the matter look uncertain again. 

* * * * * * * 
Yours very truly, LYMAN W. AYER. 
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It would appear from Mr. Ayer's letter that the location of 
-pit ~o. 2 was such that when the rock was first struck it re
vealed the line of transition from rock to ore, yet on being sunk 
deeper disclosed only unchanged rock or nearly so. It is evi
dent, therefore, that the line is a zigzag one and that the fur
ther developments do not throw any doubt upon the conclu
sions indicated at first. Had the workmen followed the rock 
lying to the north, instead of going perpendicular, they doubt
less could have kept the line of transition within sight. 

The following figure (No. 17) is intended to express, so far 
.as revealed at this visit, the areas of three taconyte bodies sep
arated by ore bodies, both lying nearly horizontal. It is not 
possible that sllch a relation could exist without a local change 
of the rock of the country to iron ore. It remains yet to dis
cover what was the original rock and what were the causes 
of its transformation. 
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FIG. 17.-Three atocnyte areas in sec. 9, T. 58, 17 W. 
• In the midst of these interesting developments the writer 
made a summary of the facts developed on the Mesabi range 
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touching the problem of the ores of the range. and read the 
paper before the American Association for the Advancement 
of Science.* Subsequently this paper was printed in full in 
the American Geologist, tas follows: 

SOME PROBLEMS OP THE MESABI IRON ORE.t 
N. H. WINCHELL, Minneapolis. 

CONTENTS. 

Theories of the origin of the ore already proposed. 
Some facts of its manner of occurrence. 

Extent of the range. 
Kinds of ore. . 
The titanic ores excluded from this discussion. 

Difficulties In the way of acceptance of any of theproposed theories. 
Absence of limestone in .be iron bearing horlZon. 
Diffusion of iron through ferriferous schists rather than concentration. 
Why is such supposed concentration always at the same horizon? . 
Absence of dikes cutting tilted beds. . 
Prevalence of pervious rather than impervious strata. 
Evident changes in the rock of the country. whether in the forms of breccia and 

gra vel or in situ. 
SOME NECESSARY POSTULATES. 

1. Tbe ore has a definite position in the stratification. 
2. It is underlain by a porous quartzyte. 
3. It is overlain by or results from cbauge in taconyte. 
4. It is at or near the horizon at which tbe great gabbro disturbance is believed 

to have occurred. 
5. It is associated with much kaolin or stratified sedimentary kaolinic rock. 
6. At tbe same borizon is an important are stratum the whole length of the range 

-at least 150 miles in Minnesota. 
7. In the near vicinity of the gabbro invasion the are is hardened and largely 

con verted to ma.gnetite. 
8. It exists also as an important are horizon further south, and beneath 480 feet 

of black slates, baving been struck by diamond drill. Similar facts are reported 
from Menominee, Mich. 

9. The wbole are bed is sometimes an original breccia, and at times some of the 
associated rock str",ta consist of coarse breccias and of conglomerates. 

10. No theory yet proposed for this are is wbolly acceptahle. 
11. If the assignment of the date of the gabbro to tbis horizon be fully establish

ed, it would furnisb a causa vera for some of the pbysical features, and would 
suggest an intimate relation between the are and the gabbro. 

Perhaps there is no more important or more interesting 
question, at present debated, relating to the iron ores of the 
Northwest, than that of their origin and their stratigraphic 
relations. From an economic standpoint, no less than from a 
scientific. there could be no more important question, for it is 
not until the geological relations and origin of these ores are 
understood that proper methods of mining them can be entered 
upon, and with the least expense. It· is becausB of recent 
studies in the field, adding some new facts to the solution of 
this problem. or complicating it by the injection of some new 
conditions, that the writer desires to review the elements of 
the problem and td show the difficulties that yet lie in the way. 
It will be well to en lime rate briefly the hypotheses that have 
been propounded recently. as an introduction to this discus
sion. There are five. 

*Rochester meeting, 1892. p. 176. 
tVo!. X. pp. 169-179, Sept., 1892. • 
*Read August 22, 1892, before Section E, of the American Association for tbe 

Advancement of Science, Rochester, N. Y. 
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1. Substitution for limestone. Microscopic examination' re
vealed. the existence of remnants of calcite, or dolomite, in 
some of the "cherts" accompanying these ores in some 
places, and after long research the late professor Irving 
arrived at the conclusion that the whole body of the ore 
horizon was originally in the form of a limestone essentially 
a "cherty carbonate," simulating, in origin and essential 
characters, the black-band ores of the Carboniferous. This 
inferentially led to the idea of a great primordial carbonifer
ous age. 

2. Sub.stitution for carbonate of i1"On. Owing to the frequency 
of such a change observed in nature, it was but a short step 
to suggest a carbonate of iron instead of a carbonate of lime. 
This would more readily supply the iron, which must be ex
plained, than carbonate of lime, and at the same time would 
only require a slight change, if any, in the nature of the 
original rock, and in the conditions of its deposition. 

3. Concentrat'ion of iron oxide from the decay of ferriferous 
schist.s, or other rock. When rocks decay, it makes but little 
difference what they are, they part with their contained iron. 
It may go off in solution, if the proper acids be present, and 
be gathered as oxide under ordinary natural drai.nage and 
weathering, in considerable quantities, on the evaporation of 
the solvent at some lower level. This process has been sug
gested as the possible cause of the accumulation of these ores 
at the stratigraphic horizon where they occur. 

4. Accumulation in trough.s formed by dyke.s cutting tilted .strata 
at a .somewhat uniform inclination, the iron itself being supposed 
to have been carried down and deposited by ferriferous waters, 
replacing a supposed' 'cherty carbonate." This hypothesis in 
volves the same conditions and processes as No.1 above, but also 
gives explanation of the location of the supposed ore lenses. 
At the same time it involves the decay and concentration in a, 
definite rock horizon which is demanded by No.3. 

5. Deposition from oceanic solution -at the time of the formation 
of the rocks associated. That the iron ores of the Keewatin age 
were deposited from solution, has been inferred from their as
sociation with rocks whose composition requires the cotempo
raneous action of eruptive forces-but which are stratified by 
oceanic agency-such eruptive action causing chemical reac
tions that would result in the precipitation of iron and silica. 
This hypothesis has been applied by the writer also to a por
tion of the Mesabi ores, viz., such as are embraced as some-
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what irregular (wandering) strata in the lower portion of the 
formation. Such may be either hematite or magnetite. It 
may perhaps be extended farther than has been proposed. 

Some facts of the manner of occurrence. 

The Mesabi iron range extends, within the limits of Minne
sota, a known distance of more than 150 miles, and it is iron
bearing through its whole extent. It commences at the west 
end of Gunflint lake, on the national boundary, and has been 
partially explored southwestwardly as far as the Mississippi 
river near the falls of Pokegama. The iron horizons do hot 
fluctuate in their stratigraphic positions. The iron varies as the 
character of the accompanying rock varies. It is a duplex 
range and em braces ores of two distinct origins and kinds. 

The more southerly portion of the range, which is made up 
of gabbro hills, contains large deposits of titanic magnetite, 
and this may be dismissed with the statement that this ore is 
at present not used, and of little economic concern. This dis
cussion appertains wholly to the more northern belt where the 
recent remarkable developments have been made. This north
ern belt embraces non-titanic magnetite and hematite .as well 
as limonite and grethite, or "yellow ochre," as it is sometimes 
denominated by the miners. The magnetite thus far discov· 
ered is not of economic importance, compared with the he:q:ta
tite and grethite, but there are explorations now being mad~ in 
some of the magnetites which promise to become perhaps 
equally valuable with the hematites. 

The non-titanic magnetite is found in the eastern portion of 
the range and at a lower horizon in the strata than the hema
tites, and when it is represented in considerable amount there 
is little or no hematite in commercial quantities. It is some
times in close asssociation with the gabbro containing titanic 
magnetite, and it is a reasonable hypothesis to refer the mag
netic quality to the effect of the heated gabbro on the original 
ore, concentrating the iron by the expulsion of some of the 
oxygen. Still there is a trace of magnetic ore further west. 
It is there found in lean iron-bearing rock, and occupies belts 
of a few inches which pass through the rock in a rather pecul
iar zigzag or wandering fashion. But still further west the 
Pewabic quartzyte, which is the horizon which holds the mag
netite in the eastern end of the range, is again regularly inter
stratified with magnetite in considerable amount, and as such it 
has been explored for commercial uses. 
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Hard hematite is found in the Mesabi range, but it is rather 
as an accidental appendage of the soft hematite, and usually it 
grades into low-grade ore and is discarded. 

Hard limonite is found in larger quantities than hard hema
tite. It is apt to be impure, and it occurs in somewhat the 
same manner as the magnetite-i. e., it branches and perme
ates a rock bed irregularly, though frequently seen in distinct 
nodules and in vugs when it is found to be a valuable ore. 

The hydrated oxide, however, in the form of gCBthite is quite 
abundant. Some shipping mines will depend largely on this 
ore. The ore is in the form of ochre-yellow powder, or small 
masses easily reduced to powder. It is found only in the re
gion of the recent new developments, in the western portion of 
the range. . 

So'ft hematite, however, is the ore for which the "Range" will 
be celebrated. This has recently been discovered in indefinite 
and almost incalculable amounts. It is generally amorphous, 
but in lumps, frequently as if a breccia of some sedimentary 
rock, easily crushed, and it also exists as a granular powder, 
finer than mustard seed, and can be mined by the simplest 
methods. The plans now being entered upon for excavating it 
only require a steam shovel and a railroad train. 

Stratigraphic relations. 

The horizon in which this ore occurs is that which has been 
identified as Taconic, 01' primordial. The strata have It gentle 
dip toward lake Superior, and a uniform strike from one end 
of the range to the other. The strata are as follows in de
scending order, omitting minor variations. 

1. Black slate with interbedded sheets of eruptive materials 
which are widespread and non-amygdaloidal. 

2. Gabbro out-break. Titanic ore horizon. The line of this 
outbreak is found not to follow the present northern strike of 
the hematite ore horizon, but to encroach upon it, giving hard 
ores in the eastern end of the range, while toward the west its 
line of outbreak turns more southerly, passing the head of lake 
Superior at Duluth, but apparently forming a bed of conglom
erate and breccia along the ore belt, noted at various places 
between Gunflint lake and Pokegama falls. 

3. A peculiar siliceous rock, partly jasperoidal, partly of 
hard hematite, or hard limonite, sometimes conglomeritic and 
brecciated, cherty, flinty, usually gray, sometimes partly black 
or purple, and, toward the west, kaolinic, toward the east hold-
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ing some magnetite. Altogether this is a non-descript rock, 
which sometimes is fifty feet in thickness, but so far as devel
oped near the mines is less than twenty. It is a pretty con
stant rock and when the ore is absent it lies on or varies to the 
Pewabic quartzyte. This is the horizon of the hard hematite, 
hard limonite and of some of the non-titanic magnetite. In 
some way not yet fully determined it is associated with the 
next. It is not yet certain that all the soft ore is derived from 
a change of this rock to ore, but it is very certain that in some 
cases this rock is converted to ore. It overlies, apparently, the 
chief ore body of the range, or its lower portion is changed to 
ore. 

4. Th~ chief horizon of soft hematite. The greatest thick
ness this bed has yet been found to exhibit is 1,05 feet. In the 
midst of this ore are found sometimes irregular masses of rock 
like No.3, as if remnants of that stratum not yet converted to 
ore, while some strata of soft ore are found also in the midst of 
No.3. Not enough working has been done yet to reveal all 
the relations of the ore to No.3. 

5. Pewabic quartzyte. In the near vicinity of the gabbro 
foci this is remarkably modified. Originally probably a chem
ical oceanic precipitate in its upper portion it is consolidated to 
a vitreous quartzyte, but at more distant points it is composed 
of distinct rounded grains. The upper portion is in the form 
of chalc~donic silica( so-called), a phase which extends westward 
with modifications, so far as observed, at least to town 60-13. 
On the other hand this quartzyte becomes less siliceous, hfw
ing a feldspathic element, and even an olivinitic constituent, 
and sometimes large hornblende crystals embrace the quartz 
grains in a common matrix. When olivinitic it is also magnet
itic and constitutes an important iron ore. In some places far
ther west, near the Mississippi river, is a quartzyte which is 
evidently the same, regularly interbedded with magnetite in 
thin alternations. 

6. Conglomerate. This is simply the base of the quartzyte, 
and takes on the character of the older underlying rock. When 
it lies on the greenstones its cementing matrix is green, when 
on the granite it is more siliceous and lighter. 

North ward from the strike of these strata extends the Archrean 
complex, embracing the rocks and ores of the Vermilion range 
and the foregoing beds lie unconformably on the upturned edges 
of the older rocks where the two formations come into contact. 
But, wherever the highland spurs of the older rocks extend 
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further southward, the primordial strata sweep about their 
bases, dipping in opposite directions on opposite sides of the 
spurs. They occupy no constant level, which might be consid
ered an oceanic shore line, but they seem to exist where erosive 
agents have not been able to .remove them. Hence they may 
have extended formerly much further north. It happens, 

. however, that a range of granitic hills, the Giant's range, oc
curs but a short distance to the north, and sometimes the strike 
of the Taconic is coincident for some miles with the southern 
base of this range. In other places a belt of "greenstone," 
which, however, is itself rather rough and rises nearly as high 
as the granite hills, intervenes between the Taconic and the 
granite. 

It is evident that the present surface contour is but a poor 
guide to the stratigraphist in attempting to determine the rela
tive ages of these terranes, for the surface must have suffered 
a profound degradation. The gabbro rock, which is by all 
conceded to be an irruptive rock, shows no sign of ever having 
outflowed at the surface of the earth. It is not bedded by 
amygdaloidal partings, nor has it, so far as known, any vari
able texture due to contacting with other older rocks. Yet it 
comes into contact with various older terranes, having crowded 
backward upon them while yet confined within the crust of the 
earth, without reaching the surface. It has been seen overly
ing the Pewabic quartzyte, the Keewatin greenstone and the 
granitic rocks of the Giant's range, but maintaining every
where a coarso and crystalline texture. It seems as if the 
irruptive movement must have been very slow, and that it pro
gressed not forcibly, but as rapidly as the heating of the adja
cent rocks rendered them more flexible. Subsequent to the 
molten invasion the surface degradation took place revealing 
the deep-seated contacts which we see. It has been the writer's 
opinion that this event of the eruption of the gabbro took place 
immediately after the deposition of the Pewabic quartzyte, 
based on the interbedding of that quartzyte with a rock resem
bling the gabbro, and on the observed immediate overlie of the 
gabbro on an extensive area of the quartzyte. This observed 
overlie, however, loses its importance when it is learned that 
the gabbro also overlies the Keewatin and the crystalline gran
ite of the Giant's range, and the date of the disturbance will 
have to remain, as heretofore, not definitely established. 

In further considering, however, the Mesabi iron ore, certain 
problematic difficulties appear in the way of accepting any of 
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the proposed theories for the origin of the ore. These may be 
enumerated: 

1. There is no limestone known in the region which could_ 
be considered the parent rock giving rise to this ore by a pro
cess of substitution, nor has there. been any struck by any of' 
the diamond drills that have recently been driven through the_ 
ore horizon. 

2. There is no known horizon of spathic iron which can be 
considered to have been converted to oxide. 

3. There is no dissemination of carbonate of lime in the 
form of calcite, such as to indicate that the ore may have re
sulted from a substitution of iron for lime. The sparse ming
ling of minute fragments of calcite crystals, in microscopic sizes, 
with the silica of the chert, in some of the less ferruginous. 
parts of the formation, is hardly sufficient to account for such 
a vast deposit of iron ore. It seems like trifling with the prob
lem to appeal to such a cause for the ore. 

4. As to concentration by decay of ferruginous schists 
-the process seems to have been the reverse, viz., from the· 
ore has been diffused iron oxide through non-ferruginous 
schists, so that for several feet from the ore the surround
ing rock is stained a vermilion or brownish red. This has. 
not only affected some of the green schists, but also some 
of the underlying quartzyte. And again, on the theory 
of ferruginous concentration from schists, or from any rock, 
it is nec€\ssary to explain the singular fact-singular under 
that hypothesis-of the occurrence of the ore always at tlie 
same stratigraphic horizon in the same formation. Why 
should not this ore accumulate, at least sporadically, at some 
lower or slightly higher stratigraphic horizon? Here we 
find it, for 150 miles, maintaining its position in the series 
as constantly as any of the beds that are associated with it. 

5. The absence of dykes of irruptive rock. These have
been supposed to have played an important role in the con
centration of the hematites of the Penokee range, on the
south side of lake Superior. Yet, on the north side but one 
such dyke has been discovered, and that is in the eastern 
extension of the iron range where, notwithstanding a year's. 
costly exploration in the vicinity, no hematite has yet been 
found in commercial quantities. At the western end of the 
range, where the recent discoveries have been made, not a. 
single dyke has been discovered. Further, the strata that 
enclose the ore are not impervious, and could not form troughs 
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by any combination of dyke and dip, bu~ the underlying rock 
is a loose white sandstone. It has sometimes become deeply 
stained by the downward percolation of surface waters carry
ing the ore mechanically amongst its rounded grains. 

6. There is an apparent extensive change in the rock of the 
country. The details of this change cannot be given here. As 
one stands at the brink of one of the excavations and sees dis
tinctly a sweep of plainly originally sedimentary laye'rs, across 
the face of the cut, manifesting all the usual characters of 
sedimentation,and reflects that the strata which he now be
holds consist of bessemer hematite. slightly brecciated, soft, 
easily mashed, he is driven to one of two conclusions-either, 
first, that the ore was deposited as a constituent part of a sedi
mentary series, or second, that it is the result of some grand sub
stitution process by which hematite has been made to take the 
place of the original sediments. There are besides numerous 
minor evider..ces of some transition in the rock from its origi
nal composition to hematite, viz.: 

(a) Sometimes a gradual encroachment of a hematite col
oration from the outer portions of a block, or layer, upon a 
gray or blue central area. 

(b) Sudden cessation of a band of hematitic coloration at a 
fissure which evidently the waters producing the coloration 
-could not pass, and the passage of the same waters. as shown 
by the narrow streak of hematite in the fissure, down the 
fissure away from the band before affected, leaving that por
tion on the other side of the fissure unstained-while at the 
same time the sedimentary banding of the whole rock sweeps 
unimpaired across the whole face, from one side of the fissure 
to the other. 

(c) There are larger areas where. as revealed by some of 
the shallow shafts on the western end of the Mesabi range, there 
is an abrupt change, horizontally, from rock to ore, the separ
ating line being distinct for a perpendicular distance of at least 
two feet. In other places in the same shaft the ore and rock 
e.ncroach irregularly upon each other. In these cases the ore 
is soft red hematite. If the process of substitution were now 
going on it would be reasonable to expeci:, the oxi.de woul d be 
hydrated, especially as such transition is within a few feet of 
the surface and easily accessible by atmospheric waters. 

(d) Not only is the rock changed in situ, but as breccias and 
gravels large deposits are found in which the pebbles, rounded 
as in a river current, or on an ocean beach, are converted to 

9G 
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hematite. Such pebbles were rounded, while still rock, and 
were subsequently converted to hematite. This is evinced by 
the varying texture, and concentric structure which change 
somewhat regularly from the surface to the center, the outer 
crust being dense and the central portions being vesicular. 
Whether such pebbles appertain to the rocky strata, or are of 
the age oj the drift, has not as yet been determined. 

Some necessary postulates. 

Notwithstanding it seems inadmissible to adopt any theory 
proposed hitherto for the origin of this ore, and that we are 
not qualified to propose a new one, there are some important 
facts which must be taken into account when the true explana
tion is discovered. These facts, which are based on observa
tions made partly during the present season, may be set down 
severally as postulates on which some satisfactory theory may 
possibly be, in part, built at soine future time. 

1. The ore has a definite position in the stratification. 
2. It is underlain by a porous quartzyte. 
3. It is overlain by, or results from a change in a peculiar 

rock to which we have given the name taconyte. [To be des
cribed fully at a later date.] 

4. The whole ore bed is sometimes a breccia of some sedi
mentary rock, lying loose, and sometimes compact breociated 
or even conglomeritic phases are common. Rarely a pebbly 
ore is found. 

5. It is associated with much kaolinic, but water-stratified' 
rock, and often the white kaolin, though embraced in the ore, 
is unstained by it. 

6. It occurs at the same horizon the whole length of the 
Mesabi range. 

7. When the gabbro of the Mesabi range is adjacent this ore 
is found to be hard-either hematite or magnetite, but it is 
never affected by titanic acid-though it is by sulphur under 
such circumstances. 

8. Apparently it runs southward with the dip of the forma.
tion, and by boring it is found under a large thickness of black 
slate about a mile south of the line of strike. 

9. The horizon of the ore is the same that has been assigned 
by the writer to the date of the disturbance of the gabbro flood: 
But as that assignment is not sufficiently established it cannot 
be said that the ore has any relation of cause and effect to the 
gabbro. 
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ConclU8ion. 

There are but two items in the cONclusion to which we are 
driven: 

First. The.Mesabi ore is not satisfactorily explained by any 
theory that has yet been proposed for it, or for its equivalent 
(Gogebic) ore on the south side of the great lake. There 
are, some facts that favor all of the theories that have been 
proposed, but they meet with opposing facts of greater import. 

Second. There is but one known cause acting with sufficient 
force and on a geographic area sufficiently wide, to which we 
can appeal for the geographic and stratigraphic! distribution of 
this ore-and that is oceanic sedimentation. That there has 
been a profound change in the sediments since their origina
tion is quite evident; but whether this 'Change took place, in 
whole or in part, prior to consolidation or after it, is as yet un
known; and if after consolidation it is equally unknown whether 
it was accomplished in Taconic or in Recent time. There 
seems to have been something peculiar either in the nature of 
the sediments of this horizon or in the influences to which they 
have been subjected, and this peculiarity is expressed on both 
sides of the Lake Superior basin. 

(Other field notes made in the season of 1892, pertaining to 
the region of Snowbank lake and thence northeastward to 
Knife lake, will be reserved for the final report, likewise those 
of a re-examination of points on Gabimichigama, Flying Cloud 
and Kekequabic lakes, and of a visit to the Twin peaks.) 

REMARKS ON THE SO-CALLED MUSCOV ADYTE OR MUSCOV ADO 

ROCK. 

In several of the annual reports of the Survey an undefined 
term has been used to designate a rock of certain macroscopic 
characters that prevails along the northern limit of the gabbro. 
The term has been used because of its convenience in the field 
and because of its expressing at the same time the general out
ward character of the rocks to which it was applied. There 
is no doubt, however, that in many cases these rocks have 
been collected without receiving this designation. It is thought 
best to make some examination of some of these rocks to de
termine their petrographic characters and, if possible, their 
structural relations. In all cases the field relations have to 
take precedence in discussing their origin and systematic rela
tions. By means of microscopic and chemical examination, 
however, some intimate mineral associations are determined._ 
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which throw light upon their probable origin. Several of these 
that have been designated muscovado have been sliced and 
mounted by Mr. Ogaard and examined microscopically by Dr. 
Grant, and some chemical analyses have been made by Mr. 
Meeds. 

The term muscovado seems to have been used first in the 
fifteenth annual report, page 351, and applied to rocks collected 
in secs. 15 and 16, 63-9W., on the northeastern waters of the 
Kawishiwi. It is here part of a biotitic, more or less gneissic 
rock with more or less quartz, which by later study has been 
separated from the gabbro, although at the time the rocks were 
collected they were supposed to be a phase of the gabbro. 

Dr. Grant has made the following microscopical notes on 
No. 983. 

DeSCTiption of N(J. 983. Kawishiwi RiveT. 

Mac1'oscopical:--A grayish rock of rather fine grain. The 
hand specimen is homogeneous throughout and shows no 
gneissic or other parallel structures. It is compact and not 
crumbling. Numerous glistening scales of biotite are easily 
seen, and under the lens the rock appears granular, but the 
constituent minerals cannot be made out, although one would 
judge that quartz formed a large part of the rock. Rock 
appears fresh. Does not effervesce with cold hydrochloric 
acid. 

Mic1'oscopical:-The section shows a closely compact, fine 
grained, granular mixture of quartz, feldspar, biotite, iron ore, 
and a mineral referred to pyroxene. The grain is so fine that 
under crossed nicols the different grains are not all distinctly 
separated, nor do some of them extinguish completely; this, 
however, is due to the overlapping of the grains; there is no 
"amorphous" or "chalcedonic" silica present (compare section 
of jaspilyte in Bul. 6, pI. 8, fig. 1). The rock is thus com
pletely crystalline, al'ld is quite fresh. 

The biotite is the most noticeable mineral; it occurs in large 
flakes which often hold many pieces of quartz, some magnetite, 
.and occasionally pyroxene. 

The PYToxene is in small rounded grains and elongated 
ones which, however, never show any crystal faces. It 
has quite a high index of refraction. It contains en
closures of magnetite and numerous transparent areas which 
seem to be liquid cavaties. A slight cleavage is often 
developed parallel to the long axes of the grains. The extinc-



STATE GEOLOGIST. 145 

tion is almost always parallel to this cleavage and the mineral 
often is slightly pleochroic; from these two facts it is referred 
to the group of orthorhombic pyroxenes-probably it is ensta
tite or bronzite. On account of the smallness of the grain and 
the difficulty of obtaining a good interference figure with the 
instrument in use, the optical properties were not further 
studied. This mineral is greenish in color. In the pleochroic 
individuals the ray vibrating parallel to the cleavage is colorless 
or greenish and the other of a very light pinkish or reddish 
shade. This corresponds to the pleochroism of orthorhombic 
pyroxenes. The i'ron ore is undoubtedly magnetite; it is in small 
grains with more or less distinct faces, but with the angles 
rounded. 

The pyroxene and iron ore are probably older than the mass 
of the rock which is composed of quartz and feldspar, and the 
biotite encloses all. ' 

The feldspar is abundant; it frequently shows polysynthetic 
twinning. and is thus plagioclase; but the kind of plagioclase 
is uncertain. There is also considerable feldspar which is not 
twinned and which may be orthoclase, or untwinned plagioclase. 

The ql~a?'tz is in fine grains. even finer than most of the feld
spar. There are many grains, which show no cleavage, or 
twinning, whose nature it is not easy to determine. Many of 
such grains, supposed to be quartz, give a biaxial interference 
figure; and others give no distinct figure. I examined about 20 
sections which I thought might be basal sections of quartz; 
only one out of these 20 gave 8, distinct uniaxial interference 
figure; this was tested and found to be t. Four or five gave 
biaxial figures; and the others gave no definite figures. The 
feldspar is unaltered, and so is hard to distinguish from quartz, 
when twinning, cleavage or interference figures are not to be 
seen. It is my opinion that there is much less quartz in the 
rock than I had supposed. Thus, so far, I am sure of but one 
grain; there are, however. undoubtedly more, but I should guess 
that quartz makes up less than 1-10 of the rock, and I feel cer
tain that it does not make up 1-5 of the rock. 

The magnetite of Nos. 982 and 983 was tested for titanium, 
but none was found. 

The rock now shows nothing that can be taken as proof of an 
original clastic nature. It is lithologically a fine grained 
quartz biotite noryte. It may be a recrystallized sediment or 
an original eruptive. 
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These rocks have been identified under this name at several 
places, viz., on Disappointment lake by H. V. Winchell*, who 
considered this muscovado to be a changed mica schist, and his 
general description makes it evident that at that place the 
muscovado has no connection with the gabbro. It was also 
observed on Illusion lake by A. Winchellt and by N. H. Win
chellt· 

No. 1039. Island in Illusion lake. 

A light gray rock of fine grain holding numerous and distinct 
flakes of biotite. The section is made of fine grai.ned granular 
quartz with some orthoclase. In this are scattered numerous 
bioti te scales. 

At this place the rock was likewise considered to be a 
part of the gabbro, but it is evident that it is a part of 
the older (Archean) rocks that have been affected by 
the gabbro contact, at least the rocks of the islands of the lake; 
the south shore may contain a true gabbro or eruptive muscova
do. It is again known on the river flowing northward into 
Kekequabiclake, S.W.± N.E.t sec. 11, 64-7 W., where it is re
ported to contain grains of reddish feldspar and some quartz, 
and is probably a part of the older rocks. Itis reported abundant 
about the eastern and northeastern shores of Gabimichigama 
lake. Dr. A. Winchell described and illustrated an observa
tion on an island in this lake, where he found coarse crystal
line gabbro lying upon and embracing angular fragments of 
muscovado, the interstices being filled with gabbro. His 
figure (56) is here reproduced. Further examination of 

Fi.j'.fffi. CrcL7J!rro onrrmu,scova,:lc"lrd-!/m.e -n-ts, j£cdi 
84:1., a-ah i7nic-lz-7~9'an'?-a hal( e. 

*11th Ann. Rept;, pp. 116, 117, 130 and 131. 
t15th:Ann. Rept., p. 183. 
:tlbid., p. J59. 
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this lake has revealed the fact that the rock here called 
muscovado is a part of the Archean affected by contact 
with the gabbro. Numerous specimens have been collected 
at points further northeast, where this underlying rock is 
exposed in many islands and low shores, and where its frag
mental and stratified characters are more evident. Rock 1088 
was collected on the little island at the entrance to the bay 
which forms the northeasterly end of Gabimichigama lake. It 
is found in other islands farther north and along the shores. 
On the east side of the bay it was found to be overlain by 
characteristic coarse gabbro. Of this rock Dr. Grant has made 
an examination as follows: 

Description of No. 1088 (15th Ann. Rept., p. 379). 

Macroscopical:-This rock apparemtly would be included 
under "muscovado." It is a fine grained, seemingly granular, 
rock of a grayish or brownish-gray color. It contains a few 
small white spots which look like feldspar; shows no parallel 
structures in hand specimen. Appears pretty fresh. Does not 
effervesce in cold HOI. It is too fine grained for study with the 
lens. 

Microscopical:-A fine grained aggregate of quartz and bio
tite. The latter seems to make up about t of the rock; biotite 
is in small scales arranged in no order. The quartz is in small 
sub-angular, angular and irregularly outlined grains imbedded 
in a very fine grained matrix which is also apparently quartz. 
I recognized no other minerals. The rock is undoubtedly part 
of the clastics of the region. 

Description of No. 1089 (15th Ann. Rept., p. 379). 

Said to be "the same as No. 1088, but shows an intenser 
action of the gabbro;" from the north side of Muscqvado point. 

Macroscopical:-A fine grained gray rock, much like No. 1088 
but not showing the brownish color. 

Microscopical:-Rocks composed of biotite, quartz and amphi
. bole(?). Quartz and biotite about as in No. 1088; some of the 

) biotite has faded and become almost colorless. A few small 
grains of magnetite are preaent. All through the rock is 
an indistinct light greenish to light yellowish mineral, some
times massed together in aggregates of fine grains and fibers 
.and sometimes in minute particles all through the rock. In a 
few veins are also accumulations of this mineral. While not 
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very clearly defined, still this mineral seems to be an amphi
bole, perhaps actinolite. 

This rock also is undoubtedly part of the clastics. 
Rocks from the south side of Muscovado point were also ex

amined, viz., 1090, 1091 and 1092, and 1350 from the north side. 

N08. 1090 and 1091 (15th Ann. Rept., pp. 379-380). 

1091 and one slide of 1090 are essentially similar to No. 1088. 
with only slight differences. 

Another slide of 1090 is somewhat coarser grained and has a 
confused altered appearance. It is composed of feldspar, both 
polysynthetically'twinned and not, quartz, biotite, magnetite, 
hornblende and what I take to be an almost colorless pyroxene. 
The last appears in places to be altering to hornblende. Some 
of the feldspar has become cloudy. No evidence of a clastic 
structure remains in the rock. 

No. 1092 (15th Ann. Rept., p. 380). 

This is essentially the same as the last described slide of No. 
1090, except that considerably more hornblende is present and 
the pyroxene is in larger and better defined pieces. 

No. 1350 (16th Ann. Rept., p. 89). 

Is finer grained than the last, but is very similar to it in com
position. 

These muscovado samples about Gabimichigama lake are 
from the general formation, which can be traced continuously 
in one direction into the great Ogishke conglomerate, i. e.; 
toward the northwest, and eastwardly into the so-called green
stone at :B'lying Cloud lake and Akeley lake, and therefore have 
no connection with the gabbro proper. 

On an excursion, which was made from Gabimichigama lake 
eastward to Flying Cloud lake, this relationship to the green
stone was ptainly brought out. Samples also were collected, 
viz., 1780 and 1781, the former from the N.E. t N.E. t sec. 34, 
65·5 W., and the latter from a point a little farther east, both 
on the north side of the creek, which here, for some distance, 
marks the boundary line between the greenstone and the Pewa
bic quartzyte. The quartzyte is seen to dip, at an angle of about 
45°, southwardly, rising in a continuous strike about 40 or 50 feet 
above the creek on its south side; while on the north side the 
greenstone occurs in scattered low knobs, but rising within a 
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short distance to a hight of perhaps 200 feet above the creek, 
having its characteristic topography. These features extend 
eastward to Chub (Akeley) lake and further, where they have 
been also described. * 

No. 1780. This is a part of the underlying greenstone form 
ation. 

The section sl,ows a confused, more or less granular aggre
gate of plagioclase, hornblende, biotite, pyroxene (diallage?) 
and magnetite. The pyroxene seems to be altering to' horn
blende, in fact all of the hornblende, which is in large amount, 
may perhaps come from this source. 

No. 1781. Along stream east of last; also underlving the 
quartzyte, in fact immediately below the quartzyte. The sec
tion shows a rock quite similar to No. 1780, but containing 
more biotite and some hornblende which is probably secondary. 
A granulitic gabbro lithologically. 

It will be noticed that the characters of the rocks 1780 and 
1781 show a much more basic nature (also indicated in the field) 
than those that are above described from Gabimichigama lake 
It will also be noticed that the strike of this older formation at 
Gabimichigama lake, as well as at Illusion lake and on the 
northeastern waters of the Kawishiwi, is abuutnorth and south; 
this being an irregularity in the usual northeastward trend of 
the Archean in northeastern Minnesota. Thus it appears that, 
in passing eastward from Gabimichigama lake, we first pass 
across the strike and soon enter upon a greenstone which 
resembles that of the Twin peaks. It is not necessary at this 
place to consider the question whether this greenstone and the 
so-called diabasic and gneissic rock, seen below the gabbro, are 
of the same formation; it is sufficient to say that all the evi
dence that the Survey has at hand tends toward that conclu
sion. 

All of the foregoing examples of so called muscovado are 
from the underlying Archean rocks, and, therefore, do not 
illustrate the original idea of muscovado, that it was a form of 
the gabbro; while at the same time when the specimens were 
collected, they were supposed in some cases to be from the 
gabbro itself modified by contact with the sedimentaries. We 
have now to mention other forms of so-called muscovado, which 
lie in a belt of country further south, even south of large areas 
of characteristic coarse gabbro. 

*16th Ann. Rept., pp. 82-80. 
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There is a lake in sec. 36, 65-5 W., named Muscovado lake 
from the prevalence of this rock, and about its western shores 
and extending southwestwardly into sec. 3, 64 5 W. is an ex
tensive hill range composed of muscovado rock. This hill 
range lies to the south of an area of fresh crystalline gabbro, 
which again also lies to the south of the strike of the Pewabic 
quartzyte, above mentioned. The quartzyte and gabbro dis
tinctly dip to the south, and, if there be no fault in the region, 
this muscovado must lie above a large amount of gabbro. It 
has been sampled and sliced, and the following examination 
was made by Dr. Grant: 

No. 1784. Mllscovado, north end of Mllscovado lake. 

A fine grained noryte. This specimen (macroscopically) ap
pears to me to be "typical muscovado." 

The section is especially beautiful. A granular aggregate 
of plagioclase, hypersthene, which is beautifully pleochroic, 
and titanic magnetite. This rock, except in the large amount 
of hypersthene, is the same as those from Bashitanaqueb 
lake, which see. 

Mr. Meeds "found a very strong test for titanium" in this. 
He powdered the rock and by the magnet got considerable of 
the magnetite, which he tested with the above result. 

Other samples have been collected from the shores of Ba~hi.· 
tanaqueb lake, the north side of which lies largely in this rock. 
These have also been examined and found to have the follow
ing microscopic characters: 

Specimens from Bashitanaqtteb lake. 

On the north shore of this lake are fine exposures of this 
rock. A number of specimens have been collected here. H81'e 
are probably the best exposures of this rock south of the north 
limit of the gabbro. 

The specimens taken here and sectioned are 1785, 857G, 857 
AG and 857BG. 

These rocks are rather fine grained granular aggregates of 
plagioclase, pyroxene (mostly diallage), magnetite, and some
times a little olivine and biotite. They are gabbros petro
graphically. Some pleochroic pyroxene (hypersthene) is 
sometimes present, and pinkish diallage is frequent. 

No quartz was detected. Secondary hornblende is some
times seen. 
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Analysis of No. 857G. Mr. Meeds reported the following 
-chemical composition of one of the above samples, 857G. 

Si O 2 •••••••••••••••••••••••••.••••••••••••••• 49.07 
Al.0 3 ·•• ••••••••••••••••••••••• " ••••.••••••• 17.21 
Fe.Os ··••••••·•• •. ·••••.•.••••••.••••••••.... .46 
Fe 0 .......................................... 12.18 
Ca 0 .......................................... 9.66 

N:c?':::::::::::: :::::: ...... :: .... : ... :::::::: ........ l:gg 
Na.O ......................................... 2.96 
I{20 ........................................ trace 
CO •......................................... 2.70 
Mn 0 ........................................ trace 

Total .............................. 99.89 

The CO2 above is probably due to decomposition products, as 
the rock is not entirely fresh. 

In addition to the differences here indicated by chemcial 
:analysis and by the microscope between this southern musco
vado and that before described, belonging to the Archean, 
there are also structural differences which are very noticeable 
in the field, viz.; this southern muscovado never shows the 
knotted and seamed condition and the quartzose veinings and 
the gneissic structure and vertical attitudes seen in the north
ern muscovado. Taken altogether it is a much more homo
,geneous and massive rock, its only variation consisting in a 
bedding or sheeted lamination, dipping toward the south, con
formable with the general gabbro structure, such sheets some
times being not more than an inch thick. The most remark
able exhibition of this sheeting, which hf\>s been seen, is at 
the east end of Muscovado lake on the north shore. 

Similar muscovado has been collected by Mr. H. V. Winchell 
near the west quarter post of sec. 14, 63-9 W.;* and of this 
rock Dr. Grant has given the following microscopical descrip
tion. 

No. 505H. Macroscopical:-A rather fine grained rock of a 
gray to brownish gray color. Not gneissic. Composed of 
grains of a glassy mineral and smaller ones which are yellow
ish to black in color. 

MicToscopical:-A granular aggregate of feldspar, pyroxene, 
olivine, magnetite and a little biotite. The feldspar is largely, 
perhaps entirely, plagioclase. Some grains do not show twin
ning strire, and in some the cleavage is not well marked. Such 
grains might be quartz; however, a dozen such graiBs which, if 
quartz, would be approximately basal sections, were examined 
for interference figures and everyone showed a distinct biaxial 

*17th Ann. Rept., p, 120. 
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figure. I think there is no quartz in the section. The pyrox
ene is distinctly pleochroic, and is probably hypersthene. The 
minerals of this rock, except the olivi.ne, are unaltered and 
fre<;h. 

The rock is lithologically an olivine nOTyte of rather fine grain. 
There seems no reason for considering this rock a metamor
phosed sediment; it shows all the characters of an eruptive of 
the gabbro family. 

The south east shore of Illusion lake also contains this form 
of muscovadyte, shown by 

No. 1037. Ilhlsion lake. 

This is a fine grained brownish gray rock. In section it is 
seen to be composed of a fine granular aggregate of feldspar
(largely, if not entirely, plagioclase), pyroxene and magnetite. 
The pyroxene is in large amount and is both diallage and 
hypersthene. This rock seems to belong to the gabbro phase 
of the muscovado. 

Conclusion. 

It would appear from the foregoing that the term muscovado 
rock (or muscovadyte) has been applied in the field to rocks of 
different stratigraphic position and ori.gin. This has already 
been asserted by Mr. H. V. Winchell in the seventeenth annual 
report, pages 130-131. It is also apparent that one of these is 
produced by the action of the gabbro upon the sedimentaries. 
It appears also probable that the southern belt of muscovado 
is a phase of the gabbro proper and that, if to either the name 
should be continued, it should be applied to this southern belt. 

There remains, however, this possibility, if not probability, 
that this southern muscovado represents the profound action 
of the true gabbro upon a basic Archean greenstone, which has 
been brought to the surface in the midst of the gabbro area by 
a later fault. We have learned from numerous observations 
that all the rocks in this region have in some places been ex· 
tensively faulted. It will be well, therefore, still, before 
adopting this duplicate theory of the origin of the so-called 
muscovado, to examine further critical specimens collected at .. 
points where it can be shown that the true gabbro was super
posed upon a basic greenstone of Archean age. 
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VI. 

ADDITIONAL ROCK SAlVIPLES COLLECTED IN 1892. 

TO ILLUSTRATE THE REPORT OF N. H. WINCHELL. 

1627. Hard hematite, the ore of the Mesabi Iron Co.'s land, sec. ~7, T. 
-60-13, one mile south of the granite. 

]628. No.2 of the drill at Wicks', black and gray flne banded rocl{, 
with m:tgnetite. 

1629. No.3 of the drill at Wicks', "black slates." 
1630. No.4 of the drill at Wicks', gray quartzyte, sometimes porous, 

also sometimes non-homogeneo'us with angular and rounded masses. 
1630 A. Siliceous balls or concretions from 1620. 
1631. No. [, of the drill, ore. 
1632. No.6 of the drill, fine-grained pinkish quartzyte. 
1633. No.7 of tht' drill, crystalline quartzyte; it contains fragmental 

quartz cemented in a matrix of quartz. 
1634. No. 8 of the drill, "greenstone" materials embracing lliany 

pebbles and grains of quartz. 
1635. The lower portion of the last. 
1636. No. 10 of the drill, granite. 
1637. Sample of rock like 1634, but taken from the NE. t sw. t sec. 22, 

T. 60-13; mainly fragmental material in which are conspicuous fragments 
-of lavender quartz, supposed to be from the granite. 

1638. An extreme phase of 1637, mostly quartz; SE. t NW. t sec. 28, T. 
60-13. 

1639. Greenish rock, supposed to be the fragmental substance more 
scantily disseminated through 1638. Same locality as 16,:38. 

1640. Pinkish flne quartzyte. NW. t NE. t sec. 32, '.r. 60~13. 
1641. Magnetite from NW. t NE. t sec. 32, T. 60-13; natural loadstone, 

only found in small quantity; blends off into the rock of the iron belt 
(1631 of the drill record). 

1642. Represents the average characters of the rock at the silver pit 
opened by Chester; it is Keewatin but quite (finely) siliceous; quartz 
veins are numelOUS; compare 442, also Bulletin No.6, page 203 and foot
note. 

1643 Republic Mountain, Mich. Quartzyte or greissen, supposed by 
Wadsworth to be of eruptive origin. 

1644. Greenstone from the north side of the Republic hill, approaching 
'hornblende schist. 

1645. Hematite from the non-conformable conglomerate or upper iron 
llorizon at the Goodrich mine, Mich. 

1646. Potsdam quartzyte, Clarkson's quarry, Potsdam, N. Y. 
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1647. Light pink gneiss from the dam in the Racket river at Potsdam. 
1648. Darker gneiss from the sallie place. 
1649. Still darker gneiss, same place. These have the appearance of 

possible derivation from the Potsdam quartzyte. . 
1650. White marble, Crary's mill, 7 miles westward from Potsdam. 
1651. Gray conglomerate marble, Crary's mill. 
1652. Specular hematite from Capt. Wood's mine, 5 miles south from 

Crary's mill. 
1653. Hematite ore from a shaft 4 miles E. S. E. of Potsdam. 
1654. Conglomerate in which this ore occurs. 
1655. Dark limestone samples, Norwood, N. Y. 
1656. Sandstone from Paddock's quarry, 3t miles east of Malone, N. Y. 
1657. Gabbro from the Adirondacks, as worked for monuments at 

Keeseville, N. Y.; location unknown. 
1658. Fine granular gabbro, ::lame place. 
1659. White quartzyte, Keeseville, N. Y.; near the water; dip 8° to 10" 

N.N.E. 
1660. Emery, so-called; seen on the beaches of lal{e Champlain and at 

Keeseville on the shores of the Au Sable river; quite abundant. It is 
gathered and shipped in barrels as emery for emery paper. 

1661. The hard quartzyte forming the platform, right bank of the 
river, Au Sable canyon, below the stairway. 

1662. Marble, grayish to white, Gouverneur, N. Y. 
1663. Banded quartz rock, near Richland, N. Y. 
1664. Ferruginous sandstone, 3t miles N. of Richland, N. Y. 
1665. Yellow sandstone, same place. 
1666. Marble, same place. 
1667. Breccia, same place. ' 
1667 A. Impure quartzyte, same place. 
1668. Hematite, same place. 
1669. Gneiss, DeKalb,N. Y. 
1670. One of the smaller segregations of quartz dioryte from the slates 

at Little Falls, Morrison Co., Minn. 
1671. Fragment of the hornblendic layer which encloses the segrega

tion, showing a portion also of the flne softer interior; this interior por
tion weathers out entirely when they are broken. 

1612. Another segregation, hard to the center; also showing garnets in 
the slate attached; Little Falls. 

1673. Garnetiferous slate, Little Falls. 
1674. Red, fine-grained granite, sec. 18, T. 41-30, Morrison Co. 
1675. Darker, highly micaceous, from the same place. 
1676. The same, showing contact with coarser granite. 
1677. Keewatin greenstone, from Randall, Morrison Co. 
1678. Dioryte, quarried at Little Falls on the west side of the river. 
1679. The same, with coarser hornblende crystals. 
1680. Still coarser, more gabbroloid in general appearance. 
1681. Fine limestone, has a pinkish color, dense in grain; in outcrop on 

west bank of the Mississippi just below the mouth of Swan river. 
1682. Massive mica schist, west side of the Mississippi river near the 

ceuter of SE. ± NW. ±, sec. 30, 128-29, Morrison Co. 
1683. Hardened segregation from 1682, similar to those seen at Little 

Falls. 
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1684. Gabbro, Philbrook, near the mouth of the Fish Trap creek, 
northwestern corner of Morrison Co. 

1685. A darker, more magnetited condition of 1684. 
1685 A. Subsequently obtained at the same place and sent by Mr. 

Robert Brown. 
1686. White forms of this gabbro (labradoritic?), somewhat quarried. 
1687. A sheared schistose condition of this gabbro having a veruical 

structure; Philbrook. 
1688. Three samples of taconyte showing various conditions of change 

toward hematite, Hale mine, near Merritt. 
1689. Conglomerate from the Cincinnati property, but not showing 

any of the flint pebbles. 
1690. Disintegrated quartzyte from the 90ttom of shaft No.2 at the 

Cincinnati mine. 
1691. Form showing the penetration of iron into this quartzyte, hard-

ened and reddened, Cincinnati mine. 
1692. Taconyte from a shaft on the Cincinnati mine. 
1693. Ditto, from the Duluth Ore Co. (Berringer). 
1694. Manganese from shaft 23, Biwabik mine, 94 feet down. 
1695. Hard blue ore with some soft ore, shaft 25, Biwabik mine. 
1696. Pinkish fine quartzyte from the pit in SE. t NE t sec. 4, 58-16, 

Chicago property; resembles the fine pinkish quartzyte from Wicks'. 
1697. Black slates from the well sunk for water at the McKinley camp. 
1698. A clayey ball changed to hematitic rock, from the southern pits 

at McKinley'S; probably from the black slate horizon. 
1699. Iron graveL Lone Jack mine, near Virginia. 
1700. Mixed kaolin and spongy ochre and hematite, Mesabi Mountain 

mine, near Virginia. 
1101. Banded kaolin, same place. 
1702. Flinty, fine grained rock associated with the kaolin, varying 

from white to pinkish; apparently a part of the kaolin stratum; same 
place. 

1703. Lump of taconyte showing various changes of some of its ingre-
dients to hematite and gCBthite; Security mine, near Virginia. 

1704. Kaolin, Mesabi Mountain. 
1704 A. Silica balls from 1704. 
1705. Hard, conglomeratic, jaspery ore, Virginia mine. Over this bed 

is a stratum, thickness unknown, which has recei ved the local designa
tion "stove-plate rock," because it is in thin, heavy, firm sheets, regular 
and sonorous, sometimes becoming a lean ore. This conglomerate and 
the "stove-plate rock" apparently belong below the main ore horizon. 

1706. Hard hematite, with kaolin in specks dis,eminated throughout; 
also with other rounded pebbly parts. 

1707: Crucial specimen from the crucial pit on the Virginia; taken 
from the point of transition between the rock and ore, one specimen 
showing both. See fig. 16. 
, 1708._ A dark, massive portion of the bla~k slates, near the PartridiSe 

river, a little west of Allen Junction; yery silicious, though not properly 
a quartzyte. 

1709. Magnetite ore, non-titanic, and associated with vitreous quartz; 
SW. t NW. t sec. 4, T. 62-11. Probably from the Vermilion; same as that 
at the rapids at north end of White Iron lake. 
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1710. Rock associated with magnetic ore at Spellman's, north side of 
Birch lake, about 200 feet from the granite; sec. 23, T. 61-12. 

1711. Magnetic ore taken from this pit. 
1712. Hornblende rock from the same pit; thought to be the footwall. 
1713. Sample of the hanging wall of the pit, granitic in aspect, though 

allied to the gabbro; siliceous; from Mr. Honnald, superintendent. 
1714. So-called black slate, presented by Mr. Honnald; in his opinion 

this overlies all the ore and the rock concerned. 
1715. Quartzose gneissic rock, or quartzyte. It is from the small island 

in the Kawishiwi river, NW. t SE. t sec. 19, T. 639. (See No. 981, 16th 
report.) 

1716. Similar to 1715; from the island next south of the last island. 
This does not manifest any sedimentary characters but is variable in its 
fineness of grain as well as in it~ manner of decay. This island is within 
60 feet of the south shore. 

1717. Fine grained olivine gabbro, or coarse grained muscovadyte, from 
the south shore. These beds stand vertical in the same manner as on the 
islands. 

1718. Red granite, near the center of sec. 2, T. 63-9, Snowbank lake. 
1719. Darker granite at the point near the center of sec. 36, T. 64-9, 

Snowbank lake. 
1720. Greenstone, sec. ::14, T. 649, west shore of Snowbank lake. 
1721. A little further west, and hence near the granite, the greenstone 

is granitic. 
1722. Boot island; this island is composed essentially of red granite. 

This sample, however, represents the rock at our camp, and also shows a 
common coarse crystallization of orthoclase occurring in old joints or 
vein~. The rock now disintegrates by opening first along t·hese seams, 
leaving a layer of coarse orthoclase crystals on each part. This island is 
in the central part of Snowbank lake. 

1723. The rock 1721 develops further east into bold exposures, forming 
hills 125 feet above the lake, becaming a characteristic coarse conglom
erate, hard, semi-granitized, generally green, but weathering with a red 
tint. This No. (1723) is froma dyke of very siliceous rocl{,appearing very 
much like the mass of the formation, cutting over the hill in the NE. t 
sec. :34, T. 6~-9; it is not wholly crystalline, but has some needles, appar
entlyof feldspar; it is 6 in. to 36 in. in width, and weathers light red; it 
crmtains no boulder forms, winds about like a dyke and is porphyritic 
with a feldspar. 

1724. A gray, fine grained, crystalline rock; shore of Snowbank lake, 
NW. t sec. 35, T. 64-1). It appears some llke the Ogishke conglomerate, 
but will have to be classed with the granite. There are areas here that 
show really granitic strucLUre with abundant orthoclase crystals. 

1725. The country rock, SW. t sec 26, T. 64-9, a short distance east of 
the last. 

1726. Eruptive granite or syenite, in irregular patches, somewhat dyke
like, appearing in 1725, though these two rocks apparently grade into 
each other. Along this shore is one of the most striking instances of the 
conyersion of a conglomerate into a crystalline rock. 

1727. A granitic dyke cuts a micaceous condition of this conglomerate; 
contact runs about east and west; SW. t sec. 26, T. 64-9. 

1728. A micaeous condition of this conglomerate, same place as the 
last. The dip here appears distinct on the tops of the knobs; about 75° 
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"E. SR., and the strike is 15° E. of N. The dip is such as to throw it 
"-lnder the granite. 

1729. Porphyry, on the north side of the same point, in a narrow, west
ward running bay; this must underlie 1728. This bay is not shown on 
the townRhip plat. 

1730. Porphyry like the last, but irregularly associated with and blend
ing into 

1731. A part of the conglomerate. These are both intimately asso
ciated with characters pertaining to the Keewatin greenstone rock, of 
which they seem simply to be advanced conditions toward crystallization. 

1732. Mica schist. The conglomerate graduates into this; it is cut by 
many dykes of red granite. SW. t sec. 24, T. 64-9. 

1733. Represents this conglomeratic mica schist in sec. 24, T. 64-9. 
1734. Seems to be a portion of 1733, but is a dark gray, fine grained 

rocl{, sparingly interspersed with some crystalline red grains; secs. 29 
and 30, T. 64-8. 

1735. Dark syenitic rock, which takes the place of the granite in form-
i.ng dykes in 1734; this continues further east, forming the coast. 

1736. Dark greenstone, crystalline, SW. t sec. 20, T. 64-8, cut by 
1737. Red granite. 
1738. Graywacke-greenstone, uutlet to Snowbank lake. 
1739. Ooarse hurnblende granite, east side of sec. 31, T. 64-8, Snowbank 

lake, presenting the so-called "bedded" structure of much of that about 
Bassimenan lake. 

1740. Dike cutting granite in sec. 1, T. 63-9. 
1741. . Red granite, appearing suddenly in graywacke, on the west shore 

of Boot lake; NW. t Sec. 21, T. 64-8. It is transitory; graywacke pre
vails all about. 

At the great Knife Lake headland, near the portage to Dough· 
nut lake, the following specimens were collected: 

1742. Southwest corner of the headland at the water level. 
1743. The same, having a flint film. 
1744. The same, having different grain. 
1745. A layer 1 foot thick running straight in the rock of the hill for 

at least 25 feet, when it becomes hidden under the water at one end, and 
under the soil at the other. 

1746. A conglomeritic portion of the rock of the hill, with many pyrite 
·cubes. The rounded boulder forms that are dislodged and roll out are 
from 3 to 8 inches in diameter, all charged with pyrite, same as the rock 
itself. The pyritiferous character gradually fades out upward and is en
tirely wanting at 45 feet above the lake. This is on the north side of the 
prom on tory.: 

The following specimens were collected in making a trip 
,over the headland from north to sou th: 

1747. Twenty-five feet above the lake. 
1748. Fifty feet above the lake. 
1749. From the northern crest of the hill. 
1750. Top of the headland near the center. 
1751. From the southern crest of the hill. 

10 G 
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Anyone examining these would at once pronounce them all 
the same rock, excepting 1745 and ]746_ They appear very 
much like gabbro, and the general physical aspect of the hill 
and the jointage of the rock increase the resemblances, but they 
are probably a condition of the Ogishke conglomerate_ The 
headland may rise 250 feet above the lake. 

1752. Sample of a dike cutting grit and argillaceous schist; SW. t NE. 
t sec. 32, T. 65·6. Dike runs approximately north and south. 

175:-1. Grit, rings like cast· iron, cut by the above dike; rather coarse, 
but some is coarser and some is finer. Pieces of slate are embraced in it. 

1754. A fragmental, gritty rock, very hard and gray, outwardly resem
bling gabbro; the matrix is fiinty, but not fiint. From a little island in 
a lake in SW. i sec. 33, T. 65-6. The sample is from a thin bed (6 inches) 
embraced in the rock of the island. This wedges out as if squeezed into a 
space of that shape while the whole was semi-plastic. Resem bles the 
rock of the Knife Lake headland. 

1755. On the same island the fock 1754 becomes finer, still gray, felsit
iC, with quartz grains disseminated, exactly like the rock of the pebbles 
of the Stuntz conglomerate. It is however a portion of the Ogishke 
conglomerate. Sample shows contact between two aspects. 

In ascending the westerly of the Twin peaks with Messrs. 
Grant and Ogaard, the mountain was found to be made up 
almost entirely of the so-called ambiguous greenstone, nearly 
all the way showing conglomeritic structure, but in many cases 
becoming much like a true irruptive greenstone. That it is 
wholly fragmental, however, at least on its northern slopes, is 
the plainest of facts. 

1756. On leaving the little lake in sec. 33, we first came upon a low 
ridge of fine grained greenstone, apparently of igneous origin. 

1757. Going on we pass innumerable places where the rock contains 
boulders and fragments of all sizes and is quartziferous. This specimen 
shows a prevalent phase. . 

1758. Shows the coarseness and evident igneous characters. 
1759. The same. 
1760. Fine grained condition of the country rock on the top. 
1761. Ooar3er grained condition of the country rock on the top. These 

both look much like true diabases, and no boulder forms appear in the 
rock. 

A dike of diabase, 10 feet Wide, runs distinctly through this peak, 450 

W. of N., and has characteristic contacts on each side, the contact being 
fine grained and the center coarser. 

1762. Oentral part of this dike. 
1763. Near the edge. 
1764. Showing contact with the country rock, the black is the diabase 

and appears like black slate. 
1765. Is a piece of the finer hornblende porphyrel, north side of Keke. 

quabic lake. 
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1766. SW. 1 NW. 1 sec. 31. T. 65-6; sample which seems to be a par
tial porphyry, partial conglomerate and partial granite. Grant's 787. In 
this conglomerate here are many pebbles, many of red jasper. 

1767. Pebbles from a porphyry knob, SW. corner sec. 29, T. 65-6, on 
Kekequabic lake. 

1768. From the same knob at the NE. extension, where the rock is 
not porphyritic; fine grained, almost felsitic, not evidently fragmen tal, 
graduates into the porphyritiC portion. 

1769. From the N. side of the narrows of Zeta lake; porphyritic con
glomerate or porphyrel. 

1770. From the south side of the narrows, near the point. Samples from 
this place suggested to Dr. A. Winchell the term porphYl'el for this por
phyritic conglomerate. 

1771. SW. 1 NE. 1 sec. 36, T. 65-6, N. shore of A,gamok lake. Hard
ened, semi-crystalline graywacke, from the summit of a hill about 250 ft_ 
above the lake. The dip is NW. 40°. 

1772. NW. 1 SW. 1 sec. 31, T. 65-5. Graywacke. This holds pebbles 
and one of what appears like jasper under water. No dip nor strike visi
ble; doubtfully belonging to ~he graywacke series. There is a dim ap
pearance of strike northeast. 

1773. One huadred yards north of the last is another low sloping sur
face of similar rock, with still no certainty of dip nor age of the rock. 

1714. At the extreme head of the bay; similar rock to the last, rising 
from the water and forming low ridges. On one of these ridges the dip is 
plain, varying foom vertical to 70" eastward; strike is north and south. 
While this rock has some argillitic features, such as those of the black 
slates s~en on Knife lake, yet in most cases it resembles a very fine grained 
muscovadyte. 

1775. From the older formation near the gabbro, on the east side of the 
northeas tward bay. 

1776. NE. 1 SE. 1 sec. 30, T. '65-5; from hill rising about 15(1 feet; sam
ple of this doubtful muscovadyte. 

1777. Several samples collected from Muscovado point, Gabimichigama 
lake. 

1778. Rather fine grained gabbro or mqscovadyte, from the top of the 
cliff facing north at NE. 1 NE. 1, sec. 34, T. 65-5, near the junction of the 
two branches of the creek. 

1779. Sample of the quartzyte from the same place, on the north slope 
of the hill; some of this appears micaceous. 

1780. Just across the creek, north from the foregoing, is the extension 
of the muscovadyte range, seen yesterday on Gabimichigama lake, but 
here it has a greenish tinge, approaching the greenstone of Bingoshick 
lake, as well as that of Twin peaks. 

1781. Muscovado greenstone, Immediately below the quartzyte; NE. t 
sec. 35, T. 65-5. 

1782. Quartzyte from the top of the ridge, same place. 
1782 A. Quartzyte near t,he contact with 1781. The bedding must 

amount to nearly 100 feet. 
1783. Magnetite from the east end of Flying Cloud lake; from a large, 

nearly vertical cliff at the southeast corner of the lake. 
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1784. North side of Muscovado lake. This is a remarkable rock, as it 
resembles muscovado, which we suppose to be the result of a change in 
sedimentary rocks; it is a remarkable circumstance also that so far south, 
within the gabbro area, so much of this rock is found. It is heavily 
jointed, nearly horizontal and slides in sheets into the lake towards the 
,southeast, the sheets being from t inch to 6 inches thick. SmallnoduJes 
weather out on the surfaces and some larger, harder patches also appear, 
resembling some seen in the changed graywackes on Gabimichigama lake. 
This rock prevails about the shores of Muscovado lake, on the shores of 
the north half of Bashitanaqueb lake, andjust north of the latter it forms 
some high hills. 

1785. Muscovadyte from the north side of Bashitanaqueb lake. The 
south shore of this lake is made up of fresh, gray. coarse gabtro. 

In October, 1892, some samples were collected at the original 
working 'at the Mountain Iron showing tl].e forms of the quartz 
in this formation, designed for microscopic examination, viz.: 

a. Taconyte, siliceous cement (chalcedonic?), embracing iron are both 
massive and in rounded pellets. Magnetite? 

b. Oh alcedonic silica from the same place, showing inclusions of kao-
clinic (?) stuff. rounded. 

c. Greenish, fine Pewabic quartzyte, clearly striped. 
"d. Same as c, but coarser. 
,e. "Quartzyte," a sandstone"apparently feldspathic, rusted in blotches. 
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VII. 

Additions to the Library Since the Report for 1891. 

The present list consists of the additions made from Dec. 1, 1892, to 
Dec. 1, 1893. 

A 

Albany. Geol. Survey of N. Y., Paleontology, vols. v-viii. An. Reps. xli
xliv.· Bulls. State Museum, vol. i. Nos. 6-10. Memoirs, vol. i, 1889. 

Altenbw·g. Mitth. Naturf. Gesell. des Ofterlandes, vol. v, 1892. Ver
zeichnis Naturf. Gesell. des Ofterlandes, 1892. 

Augsber(J. Bericht. Naturw. Vereins, 1873-1887. 
Austin. Geol. Survey of Texas. Report on Brown Coal and Lignite, 1892. 

Fourth Annual Report in eight parts, 1893. 

B 

Baltim01·e. Amer. Ohem. Jour., xv, 1-6,1893. 
Johns Hopkins Univ. Circulars, x, 82, 83,85,89, 90, 91; xii, 102-107, 

1893. 
Bamberg. Bericht. Naturf. Gesell., xvi, 1893. 
Basel. Verhandl. Naturf. Gesell., x, i, 1892. 
Belfast. Rep. and Proc. Belfast Nat. and Rist. and Philosophical Soc., 

. 1891-1892. 
Berlin. Verhandl. Gesell. fur Erdkunde, xix, Nos. 6-10; i-xvi. 1874-1889. 

Zeitschrift, xxvii, Nos. 3-6, 1892; xxviii, Nos. 1-2, 1893. Verhandl.,. 
xx, 1-3, 1893. Mitth. der Kong. A.kad. der Wissenschaften, 1882,. 
i-viii; 1883, i-x; 1884-85, i-x; 1886, i-x; 1887, i-x; 1888, i-ix; 1889, i-x; 
1890, i-x; 1891, i-x; 1892, i-ix; 1893, i-vii. 

Berlin. Deutschen Geologischen Gesell. Zeitschrift, vols .. xviv-xlv, 1872-
1893. 

Berkeley. Bull. Dept. Geol. Univ. of Oalifornia, vol. i, pp. 1-72, 1893. 
Bern. Mitth. Naturf. Gesell., Nos. 792-873, 1873-1875. 
Bologna. MemoirsR. Acad. delle Sci. dell Instituto di Bologna,. vol. v~ 

pt. 2, 1892. 
Bonn. Verhandl. Naturh. Vereines der Rheinlande, etc., vols. i-iv, v 

(5-10), 1884-1893. 
Boston. Proc. Amer. Acad. Sci. and Arts, W. S. vol. xxvii, N. S. vol. xix,. 

1891-1892. 
Proc. Boston Soc. Nat. History, vol,;. xv·xxv, 1873·1892. 

Brunn. Naturf. Vereines Verhandl, vol. xxx, 1891; Meteorologischen· 
Commission, vol. x, 1890. 

Budapest. Foldtani Kozlong Ungarischen Geol. GeselL, vol. xxii, Nos. 
5-12; vol. xxiii, Nos. 1-8, 1892-1893. 
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c 
Carnb1'idge. Appalachian Mountain Club, Appalachia, vols. i-iv, Nos. 1-4, 

vol. vi, No.4. and vol. vii, No.1, 1876-1884, 1892-1893. 
Harvard Oollege, Mus. Compo Zool., Bull.. vol. xxiii, Nos. 4-6, vol. 

xxiv, Nos. 1-7, vol. xxv, No.1, vol. xvi (Geol. Ser.), Nos_ 11-14, 1892-
1893. Annual Report of Curator, 1891-1892. Rep. of Geol. Dept., 
1891-1892. Report on Instruction and Equipment of Geol. Dept., 
1890. 

Peabody Mus. Amer. Arcb. and Ethnology, Prof. Putnam's report 
t,o the President, 1891. 

Chapel Hill. Jour. Elisba Mitcbell Scien. Soc., vol. ix, No.2, 1892. 
Chicago. Brickmaker, vol. xiv, Nos. 3-5, 1893. 
Ohw'. Jabr. Naturf. Gesell. Graubtlndens, vol. xxxvi, 1891-92-93. 
Cincinnati. Jour. Cincinnati Soc. Nat. Rist., vols. v-x, Nos. 1-4, 1883-87, 

vol. xv, Nos. 3-4, 1893. 
D 

Da1'111stadt. Notizblatt Hlr Erdkunde, vol. iv, No. 1'3, 1892. 
Davenport. Acad. Nat. Sciences, Proceedings, vols. ii, pts. 1-2, iii, pt. I, 

v, pt. 2, 1877-79-85-89. 
Denver. Colo. Sci. Soc. Extr. from Proc. "Production of Columbous and 

Tungstou~ Oxides in Forming Compounds of Iron and Tin," ]893. 

F 

FmnkfoTt. Ky. Geol. Survey, Bulletin, vol. i. 1890. Reports of Progress 
from 1882-1890. Nineteen reports on various geological features of 
Kentucky. 

G 

Giessen. Bericbt Oberbessischen Gesell. fhr natur. und Heilkunde,' vol. 
xxix. 1893. 

'Glasglow. Trans. Geol. Soc. of Glasglow, vol. vii, pt. 1, vol. viii, pt. 1, and 
,vol. ix, pt. 2, 1883-86,93. 
Proc. Philosophical Soc. of Glasglow, vol. xxiii, ]891-92. Index i-xx, 

1841-89. 
GTanville. Bull. Denison Scien. Assoc., vol. vii, 1892. 
Good Hope. American Antiquarian, vol. xv, Nos. 1-5, 1893. 
Gottingen. Nachrichten zu K. Gesell. der Wissen., 1-16,1892, and ]-10,1893. 

H 

Halifax. Proc. and Trans. Nova Scotian Institute Nat. SCiences, series 
2, vol. i, pt. 2, ]891 92. 

I 

lotva Oity. Bull. Laboratories of Nat. Rist. of tbe State Univ., vol. i, No. 
1, 1888, vol. ii, No.3, 1893. 

J 

Jeffe j'son Oity. Geol. Survey of Mo. Bulletins, ii-v, 1890-91. Preliminary 
Report on Coal, 1891. Report on Iron Ores, ii, 1892. Report on 
Mineral Waters, vii, 1892. 

K 

Kiel. Nutth. Mineral. Institute der Univ. Riel, vol. i, Nos. 1-4, 1888-
1892. 
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Kiew. Memoires de Societe des Naturalistes, vol. xii, No.2, 1892. 
Konigsbe'rg. Schriften Physik-okonomischen GeselL vols. xiv-xvi, 1873-

1875, voL xxiii, 1892. Report of Director of the Museum, 1892. 
GeoL Samm. des Provo p.-o. Gesell., 1892. 

L 

Lansing. Report of Mich. Board of Agriculture, vols. xii, xv, XVIlI, xix, 
xxii, xxiii, xxiv, xxx, 1873-4, 1876,1879-80, 1883-1891. First Bien
nial Report 1881-82. 

Leipzig. Bericht ftber die Verhancll., 1872-1892. Register, 1846-1885. 
Bericht der Math. phys. Class, vol. i, 1893. 

Lille. Annales Soc. Geol. du Nord, vol. xx, 1892. 
Live1·pool. Proc. Geol. Soc. of Liverpool, vols. i-vi, ]874-1892. 
Lund. Ars-skrift der Lunds Uni versitets. vol. xxviii, 2, 1891, 1892. 
Lunebe1·g. Jahres. cler Naturw. Hlr das FurstentuDl, vol. xii, ]890-1892. 

M 

Madison. Proc. Wis. Sta,te Hist. Soc., vols. xxxvi-xl, 1889, 1892. Histori
cal Collections, ii, iii, x-xii, 1855-1856, 1883-1892. Catalogue of 
Portrait Gallery, 1892. 

Marburg. Sitizungsberichte Gesell. zu Beford. Naturw., 1874,1876-88, 1892. 
Mecklenberg. Archiv. cler Vereins der Freuncle cler Naturg.,46th Jahr, 

1892. 
Metz. Jahresb. Vereins fi:tr Erdkunde, vol. xiv, 1891-92. 
Mexico. Memorias y Revista cle Sociedacl Cientifica, "Antonio Alzate," 

vols. vi, 3-]2, 1892-93, ancl vii, 1-2, 1893-94. 
Minneapolis. Minn. Geol. and Nat. Hist. Survey, Twentieth Annual Re

port, 1891, and Bulletin No.8, ]892. Zoological Series, vol. i, 1892. 
Bot,anical Series, vol. i, 1892. 
American Geologist, vol. xi, 1-6, 189;~, vol. xii, 1-6, 1893. 

Milwaukee. Trans. Wis. Acad. Sci., vols. viii, ix (1),1892-93. 
Montreal. Oanadian Record of Science, vol. v, Nos. 3, 4, 7, 1892-93. 
Moscow. Societe Imp. cles Naturalistes de Moscou, Bulletins 2-4, 1892. 
Munchen. Geog. Gesell. Jahresbericht, 1890-91. Poly tech. Verein. Bay-

erisches Indus.-Gewerb., vol. xxii, 23-39,1893. 

N 

New York. Trans. N. Y. Acad. of Sciences, vol. xi, pp. 49-58, 1891-92, vol. 
xii,1892-93. Annals, vol. vii. 1-5, 1893. 
Bulletin Amer. Geog. Society, vol. xxiv, 4, 1892, vol. xxv, 1-2, 1893. 
Amer. Mus. Nat. History, Annual Report of Trustees, vols. iii-

xviii, xxiv, 1872-87, 1892; Bulletin iv, 1892. 

o 
Ottawa. Can. Geol. Survey, Decades i-iv, 1859-65. Mesozoic Fossils, i, pts. 

2-3,1884. Palaeozoic Fossils, ii-iii, pts. i. Contr. to Micro.-Paleon. 
Camb. Sil. Rocks, 1883. Fossil Plants, ii, 1882. Rep. of Progress, 
1874-84. Annual Rep., N. S., vol. i, ]885. Maps for Rep. of Progress. 
1879-84. Oontr. to Can. Paleon., vol. i, pt. 4, 1892. Oatalogue of 
Section 1 of the Museum, 1893. 
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report of ........................................ · ........ ···· 79 
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Winthrop mine, near Ishpeming, Mich ........................... ···· 87 
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ERRATUM. 
Page 69, 12th line from bottom: For "Nelson's" read "Nelson Park." 



PUBLICATIONS OF THE GEOL<?GICAL AND :ijATURAL 
HISTORY SURVEY OF MINNESOl'A. 

I. ANNUAL REPORTS. 
(Distributed by the State Geologist.) 

THE FIRST ANNUAL REPORT, FOR 1872. 112 pp., 8vo.; with a colored map 
.of the state. By N. H. Winchell. Published in the Regents' Report 
for 1872; contains a sketch of the geology of the state, as then known, 
and a list of earlier reports. Second edition (1884) identical. 

THE SECOND ANNUAL REPORT, FOR 1873. 145 pp., 8vo.; with illustra
tions. By N. H. Winchell and S. F. Peckham. Published in the Re
gents' Report for 1873. Second edition (1893) iden tical. 

THE THIRD ANNUAL REPORT, FOR 1874. 42 pp., 8vo.; with two county 
maps. By N. H. Winchell. Published in the Regents' Report for 
1874. Second edition (1894) identical. . . 

THE FOURTH ANNUAL REPORT, FOR 1875. 162 pp., 8vo.; with four 
county maps and a number of other illustrations. By N. H. Winchell, 
assisted by M. W. Harrington. Also in the Regents' Report for 1875. 
Out of print. 

THE FIFTH ANNUAL REPORT, FOR 1876. 248 pp., 8vo.; four colored 
maps and several other illustrations. By N. H. Winchell; with re
ports on Ohemistry, by S. F. Peckham; Ornithology, by P. L. Hatch; 
Entomology, by Allen Whitman; and on Fungi, by A. E. Johnson. 
Also in the Regents' Report for 1876. Out of print. 

THE SIXTH ANNUAL REPORT, FOR 1877. 226 pp., 8vo.; three geological 
maps and several other illustrations. By.N. H. Winchell; with report,; 
on Ohemical Analyses, by S.P.Peckham; on Ornithology, by P. L.Hatch; 
on Entomology, by Allen Whitman; and on Geology of Rice county, by 
L. B. Sperry. Also in the Regents' Report for 1877. Out of print. 

THE SEY-ENTH ANNUAL REPORT, FOR 1878. 123 pp., 8vo.; with twenty
one plates. By N. H. Winchell; with a field report, by O. W. Ball; 
Ohemical Analyses, by S. F. Peckham; Ornithology, by P. L. Hatch; 
a list of the plants of the north shore of lake Superior, by B. Juni; 
and an Appendix by O. L. Herrick on the Microscopic Entomost,raca 
of Minnesota; twenty-one plates. Also in the Regents'Report for 
]878. Out of print. 

THE EIGHTH ANNUAL REPORT, FOR ]879. 183 pp., 8vo.; one plate (Oas
toroides). By N. B. Winchell; containing a statement of the Methods 
of Miscroscopic Lithology; a discussion of the Oupriferous Series in 
Minnesota, and descriptions of new species of Brachiopoda from the 
Trenton and Hudson River formations; with reports on the Geology 
of Central and Western Minnesota, by Wal'ren Upham; on the Lake 
Superior region, by O. W. Ball; lists of birds and of plants from Lake 
Superior, by Thomas S. Roberts; Ohemical Analyses, by S. F. Peckham; 
Report by P. L. Hatch; and four Appendixes. Also in the Regents' 
Report for 1879 and 1880. Out of print. 



THE NINTH ANNUAL REPORT, FOR 1880. 392 pp., 8vo., three Appendixes, 
two wood cut illustrations and six plates. By N. H. Winchell. Con
taining field descriptions of 442 crystalline rock samples, and notes on 
their geographical relations, from the northern part of the state, new 
Brachiopoda, the water supply of the Red River valley, and simple 
tests of the qualities of water; with reports: on the upper Mississippi 
region by O. E. Garrison; on the Hydrology of Minnesota, by O. M. 
Terry; on the Glacial Drift and its Terminal Moraines, by Warren 
Upham; Chemical Analyses by J. A. Dodge; a list of the birds of Min
nesota, by P. L. Hatch; and of the winter birds, by Thomas S. Roberts. 
Also in the Regent's Report for 1879 and 1880. Out of print. 

THE TEN'l'H ANNUAL REPORT, FOR 1881. 254 pp., 8vo.; with ten wood 
cut illustrations and fifteen plates. By N. H. Winehell. Containing 
field descriptions of about four hundred rock samples, and notes· on 
their geological relations, continued from the last report; the Pots
dam sandstone; typical thin sections of the rocks of the Cupriferous 
series; and the deep well at the "C" Washburn mill, Minneapolis; 
with geological notes, by J. R. Kloos; Chemical Analyses, by J. A. 
Dodge; and papers on the Crustacea of the fresh waters of Minnesota, 
eleven plates, by O. L.He17ick. Also in the Regent's Report for 1881 
and 1882. 

THE ELEVENTH ANNUAL REpORT, FOR 1882. 219 pp., 8vo; with three 
wood cut illustrations and one plate. By N. H. Winchell. Containing 
a report on the Mineralogy of Minnesota, and a note on the age of the 
rocks of the Mesabi and Vermilion iron districts; with papers on the 
crystalline rocks of Minnesota, by A. Streng and J. H. l(loos; on rock 
outcrops in Central Minnesota and on Lake Agassiz, by Warren Up
ham; on the iron region of Northern Minnesota, by Albert H. Ohester; 
Chemical Analyses, by J. A.. Dodge; and an Appendix containing Min
nesota Laws relating to Mines and Mining, abstracted by O. L. Rerrick. 
Also in the Regents' Report for 1881 and 1882. 

THE TWELFTH ANNUAL REPORT, FOR 1883. Summary report, containing 
paleontological notes and a paper on the comparative strength of 
Minnesota and New England granites, twenty-six pages, by N. H. 
Winchell; final report on the Crustacea of Minnesota, included in the 
orders of Cladocera and Copepoda, 192 pages and 30 plates by O. L. 
Herrick; and a catalogue of the Flora of Minnesota, 193 pages, with ODe 
map showing the forest distribution, by Warren Upham. Also in the 
Regents' Report for 1883 and 1884. 

THE THIRTEENTH ANNUAL REPOR'l', FOR 1884. 196 pp. Geological recon_ 
noissances, the Vermilion iron ores, the crystalline rocks of Minnesota 
and of the Northwest, the Humboldt salt-well in Kittson county, rec
ords of various deep wells in the state, fossils from the red quartzyte 
at Pipestone, reports on the New Orleans Exposition and on the Gen
eral Museum, by N. R. Winchell; Geology of Minnehaha County, Da
kota, by Wm'ren Upham; Chemical report, by Prof. Jas. A. :,Dodge; 
Minnesota geographical names derived from the Dakota language, by 
Prof. A. W. Williamson; Insects injurious to the cabbage, by O. W.Oest
lund; Geological notes in Blue Earth county, by Prof. A. F. Bechdolt; 
and on a fossil elephant from Stockton, by Prof. John Holzinger; pa
pers on the Cretaceous fossils in the boulder clays in the Northwest, 
by George M. Dawson and by Woodward and Thomas; and notes on the 
Mammals of Big Stone lake and vicinity, by O. L. Rerrick. 



THE FOUWI.'EENTH ANNUAL REPORT, FOR 1885. 354 pp.j two plates of 
fossils and two wood cuts. By N. H. Winchell. Containing 5umlllary 
report, notes on some deep wells in Minnesota, descriptions of four 
new species of fossils, a supposed natural alloy of copper and silver 
from the north shore of lake Superior, and revision of the strati
graphyof the Oambrian in Minnesota, with the following papers by 
assistants, viz: List of the Aphidid::e of Minnesota with descriptions 
of some new species by O. W. Oestlundj Report on the Lower Silurian 
Bryozoa, with preliminary descriptions of some new species, by E. '0. 
Ulrich; Oonchological notes, by U. S. G1'ant; Bibliography of the For
aminifera, recent and fossil, by Anthony Woodward. 

THE FIFTEENTH ANNUAL REPORT, FOR 1886. 493 pp., 8vo.j 120 diagram 
illustrations and sketches in the text, and two colored mapSj embrac
ing reports on observations on the crystalline rocks in the northeaRt
ern part of the state, by Alexander Winchell, N. H. Winchell and H. V. 
Winchell; Ohemical report by. Prof. J. A' Dodgej additional railroad 
elevations by N. H. Winchell; list of Minnesota geographical names 
derived from the Ohippewa language, by Re.!. J. A. Gilfillan; and notes 
on Illami, descrlbing three new species, by Aug. F. Foel'ste. Also as 
supplement II of the Regents' Report for 1887-1888. 

THE SIXTEENTH ANNUAL REPORT, FOR 1887. 504 pp., 8vo.; two plates 
and 83 other illustration;;. Oontains reports on the original Huronian 
area, the Marquette iron region, on the Gogebic and Penokee iron
bearing rocks, on the formations of northeastern Minnesota (includ
ing the physical aspects, vegetation, quadrupeds and other verte
brates), the geology of the region northwest from Vermilion lake to 
Rainy lake and of the Little and Big Forks ri verSj also notes on the 
Molluscan fauna of Minnesota. 

THE SEVENTEENTH ANNUAL REPORT, FOR 1888. 280 pp., 8vo.j ten .text 
illustrations. Contains: Report of N. H. Winchell, the crystalline 
rocks of Minnesota, a general report of progress made in the study of 
their field relations, with a bibliography of recent works on the crys
talline rocks; report of H. V. Wtnchell, field observations in the iron 
regions; report of U. S. Grant, geological observations in northeast
ern Minne50ta. 

THE EIGHTEENTH ANl)rUAL REPORT, FOR 1889. 234 pp., 8vo. Report of 
further field observations in the regions of the crystalline rocks of the 
state and in the area of t,he original Huronian, by N. H. Winchell, and 
a review of American opinion on the older rocks, Alexander Winchell. 

THE NINETEENTH ANNUAL REPORT, FOR 1890. 255 pp., 8vo.; with 
illustrations. Translation of Boricky's elements of a new Ohemico
microscopic method of analysis of rocks and minerals and of Kloos' 
Geognostic and Geographical observations in Minnesota in 1877, by 
N. H. Winchell; Ohemical report by Prof. Dodge; the woods of Minne
sota, by H. B. Ayres; Museum and library additions; List of meteor
ities in the museumj Petography and geology of the Akeley lake 
region, W. S. Bayley; New Lower Silurian Lamellibranchiata, E. 
O. Ulrich. 

THE TWENTIETH ANNUAL REPORT. FOR ]891. 344 pp., 8vo.; twelve 
plates and 33 text illustrations. Summary statement; The crystal
line rocks-some preliminary considerations as to their structures 
and origin, bJ: N. H. Winchell; Field notes in 1890, by N. H. Winchell; 



Additional rock samples to illustrate notes, by N. H. Winchell; Field 
observations on certain granitic acres in northeastern Minnesota, by 
U. S. Grant; Catalogue of rock apecimens, by U. S. Grant; The 
Mesabi iron range, by H. v: Winchell; Sketch of the coastal 
topography of the north side of lake Superior, with special 
reference to the abandoned strands of lake Warren, (the greatest 
of the late Quaternary lakes of North America), by A. C. Law
son; Diatomace::e of Minnesota inter-Glacial peat, by B. W. Thomas, 
(with list of species and some notes upon them, by H. L. Smith; 
and directions for the preparation and mounting of Diatomace::e, by 
C. Johnston and H. L. Smith); Oxide of manganese, by N. H. Winchell; 
Museum additions; Additions to the library. 

THE TWENTY-FIRST ANNUAL REPORT, FOR j892. 171 pp., 8vo.; two 
plates and 21 text illustrations. Summary statement and compara
tive nomenclature, with a table of the Pre-Siluran rocks of Minne
sota and their equivalents; The geology of Kekequabic lake in 
northeastern Minnesota, with special reference to an augite soda
granite, by U. S. (f/'ant; Catalogue of rock specimens, by U. S. amnt; 
Field observations in 1892, by N. H. Winchell; Some problems of the 
Mesabi iron ore, by N. H. Winchell; Additional rock samples to illus
trate report, by N. H. Winchell; Additions to the library. 

II. FINAL REPORT. 
(Distributed by the State Geologlgt.) 

THE GEOLOGY OF MINNESOTA. VOL. I OF THE FINAL REPORT. 1872-
1882, xiv and 697 pp., quarto; illustrated by forty-three plates and 
fifty-three figures. By N. H. Winchen, assisted by Wa1Ten Upham. 
Containing an historical sketch of explorations and surveys in Minne
sota, the general physical features of the state, the building stones 
and the Geology of Houston, Winona, Fillmore, Mower, Freeborn, 
Pipestone, Rock and Rice counties, by N. H. Winchell; the Geology of 
Olmsted, Dodge and Steele counties, by M. W. Harrington; and the 
Geology of Waseca, Blue Earth, Faribault, Watonwan, Martin, Cot
tonwood, Jackson, Murray, Nobles, Brown, Redwood, Yellow Medi
cine, Lyon, Lincoln, Big Stone, Lac qui Parle and Le Sueur counties, 
by Wanen Upham. Distributed gratuitously to all public libraries 
and county auditors' offices in the state, to other state libraries and 
state universities, and to leading geologists and scientific societies; 
the remainder are held for sale at the cost of publication, $3.50 per 
copy in cloth, or $5 in grained, half roan binding, upon application to 
Prof. N. H. Winchell, Minneapolis. 

THE GEOLOGY OF MINNESOTA. VOL. II OF THE FINAL REPORT. 1882-
1885, xxiv and 695 pp., quarto; illustrated by forty-two plates and 
thirty-two figures. By N. B. Winchell, assisted by Warren Upham. 
Containing chapters on the Geology of Wabasha, Goodhue, Dakota, 
Hennepin, Ramsey and Washington counties, by N. H. Winchell; and 
on Carver, Scott, Sibley, Nicollet, McLeod, Renville, Swift, Chip
pewa, Kandiyohi, Meeker, Wright, Chisago, Isanti, Anoka, Benton, 
Sherburne, Stearns, Douglas, Pope, Grant, Stevens, Wilkin, Traverse 
Otter Tail, Wadena, 'rodd, Crow Wing, Morrison, Mille Lacs, Kana
bec, Pille, Becker and Clay counties, by Warren Upham. Distributed 
according to law, in the same manner as Vol. 1. above. 

THE PALEONTOLOGY OF MINNESOTA. VOL. III OF THE FINAL RE
PORT. In press. 



III. MISOELLANEOUS PUBLICATIONS. 
(Dist,rlbuted by the State Geologist.) 

1. OIRCULAR No. 1. A copy of the law ordering the survey, and a note 
asking the co-operation of citizens and others. 1872. 

2. PEAT FOR DOMESTIC FUEL. 1874. Edited by S. F. Peckham. 
3. REPORT OF 'l'HE SALT SPRING LANDS DUE THE STATE OF MINNE

SOTA. A history of all official transactions relating to them, and a 
statement of their amount and location. 1874. By N. H. Winchell. 

4. A OATALOGUE OF THE PLANTS OF MINNESOTA. Prepared in 1865, 
by I. A. Lapham, contributed to the Geological and Nalrural His
tory Survey of Minnesota, and published by the State Horticul
tural Society in ]875. 

5. OIRCULAR No.2. Relating to botany, and giving general directions 
for collecting information on the flora of the state. 1876. 

6. OIRCULAR NO.3. The establishment and organization of the Museum. 
1877. 

7. OIRCULAR No.4. Relating to duplicates in the Museum and ex
chang-es. 1878. 

8. THE BUILDING STONES, OLAYS, LIMES, OEMENTS, ROOFING, FLAGG
ING AND PAVING STONES, OF MINNESOTA. A special report by N. 
H. Winchell. 1880. 

9. OIRCULAR NO.5. To Builders and Quarrymen. Relating to the col
lection of two-inch cubes of building stones for physical tests of 
strength, and for chemical examination, and samples of clay and 
brick for the General Museum. 1880. 

10. OIRCULAR No.6. To owners of mills and unimproved water-powers. 
Relating to the hydrology, and water-powers of Minnesota. 1880. 

IV. BULLETINS. 
(Distributed by the State Geologist, except No.9, which is distributed by the State 

Botanist.) 
No.!. History of Geological Surveys in Minnesota. 8vo., pp. 37. 1889. 

By N. H. Winchell. 
No. ·2. Preliminary Description of the Periodotytes, Gabbros, Diabases 

and Andesytes of Minnesota. 8vo., pp. 158; 12 colored plates. 
1887. By M. E. Wadsworth. 

No.3. Report of work done in Botany in the year 1886-1887. 8vo., pp. 56. 
By J. a. A?'thur. 

No.4. A Synopsis of the Aphididre of Minnesota. 8vo., pp. 100. 1887. By 
O. W. Oestluncl. 

No.5. Natural Gas in Minnesota. 8vo., pp.39. 1889. By N. H. Winchell. 
No.6. The Iron Ores of Minnesota. Their geology, discovery, develop

ment, qualities and origin, and comparison with those of other 
iron districts, with a geological map, 26 figures and 44 plates. 
8vo., PP. 430. 1891. N. H. Winchell and H. V. Winchell. 

No 7. The Mammals of Minnesota. A scientific and popular account of 
their features and habits, with 23 figures and eight plates. 8vo., 
pp. 300. 1892. By O. L. Herrick. 

No.8. The anorthosytes of the Minnesota coast of Lake Superior, by A. 
a. Lawson. The laccolitic sills of the Northwest coast of Lake 
Superior, by A. a. Lawson. Prefactory note on the Norian of 
the Northwest, by N. H. Winchell. 8vo., pp. xxxiv, 48, 7 plates 
and 8 text illustrations. ]893. 



No.9. Part I. Prefatory note. On the occurrence of Sphagnum atolls in 
central Minnesota, by Conway MacJJ(illan. Some extension of 
plant ranges, by E. P. Sheldon. On the nomenclature of some 
North American species of Astragalus, by E. P. Shelclon. List 
of fresh water Algffi collected in Minnesota during 1893, by 
Josephtne E. Tilden. On the poisonous influence of Cypri
pedium spectabile and Oypripedium pubescens, by D. T. MacDougal. 
8vo., pp. 36, three plates. 1894. 

VI. BOTANICAL SERIES. 
(Distributed by the State Botaulst.) 

THE METASPERlI1AE OF THE MINNESOTA VALLEY, a list of the higher 
seed-producing plants indigenous to the drainage basin of the 
Minnesota river, by Conway MacJJIillan. 8vo., pp. 826. 1892. 

V. ZOOLOGICAL SERIES. 
(Distribut.ed by the State Zoologist.) 

FIRST REPORT OF THE STATE ZOOLOGIST, accompanied with notes on the 
birds of Minnesota, by P. L. Hatch. 8vo., pp. 487. 1892. 
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